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Foreword 

Publication of this syml~osium was made possible through the esiablishment in 1951 
of the  East Texas Geological Fund of the Bureau of Economic Geology. the nucleus of 
which came from sales of The University of Texas Publication 5116. "The Occurrence 
of Oil and Gas i n  Northeast Texas." This publication  as a cooperatike effort he t~ jeen  
the East  Texas Geological Society and the Bureau of Economic Geolog) in which s i ~ t y -  
nine members ol the Society prepared papers describing 135 oil and gas fields in north- 
east Texas. 

Publication 5116 n a s  been very useful to many people interested in oil and gas de- 
velopment. and it records information of permanent la lue to science and industry. The 
project ~ r h i c h  produced it is an outstanding example of cooperation between the petro- 
leum industry, represented by members of the Society. and a public geological agency. 
The  fund  ~rh ich  was made possible through the project is dedicated to publication of 
papers of mutual interest to the Society and the Bureau of Economic Geology. The 
present volume is the first of this kind. 

JOHN T. LONSDALE 
Director, Bureau of Economic Geology 
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Stratigraphic Relations of the Edwards 
Limestone and Associated Formations 

in North-Central Texas 

FRANK E. LOZO' 

Salient stratigraphic relationships of the 
mid-Comanche Cretaceous formations in 
north-central Texas are analyzed J< ith 
reference to regional genetic and  dia- 
s t rophic factors. Based on historically sig- 
nificant outcrop sections in this classic 
area of Cretaceous investigations. a south- 
e r n  complex of the Edwards, Comanche 
Peak. and Walnut formations is  indicated 

to pass northzuard into a complex com- 
posed of the Goodland. Walnut, and Pa- 
lux)- formations. Classification of the 
included stratigraphic interval as  the 
"Fredericksburg division" follo~vs R. T. 
Hill's early nomenclature and  concept of 
a n  integrated subseries representing a 
major  and distinct cycle of sedimentation. 

IZTRODUCTIOS 

Salient stratigraphic relations of the 
mid-Comanche cretaceous formations are 
well displayed i n  t h e  historically sipnifi- 
cant. classic area of north-central Texas, 
where R. T. Hill, J. A. Taff, S. Lezerett, 
and  later. W. S. Adkins. W. M. Kinton. 
a n d  others worked to elucidate the strati- 
graphic succession a n d  enlosed faunas. As 
a consequence the type localities of many 
of the formations i n v o l ~  ed are i n  this area 
-a Paclor that has  tended to make a study 
of this area the more interesting. 

LOCALE 
T h e  geographic setting of this investiga- 

tion is  a triangular area in  north-central 
Texas with the apex ~+-estv ard of Waco and 
the base an approximate north-south line 
extending from the vicinity of Fort  worth 
Lo the Austin area (fig. 1). 

SCOPE OF REPORT 

T h e  repeated study .ij-hich the Cretaceous 

stratigiaphy of this area has r e c e i ~ e d  by 
various I+ orkers has ~esu l ted  in  \ arious 
concept. of the formatiorla1 units. nomen- 
clatural applications. and presumablp ge- 
netic asqociations of rock units. A con?- 
parison of these differences of opinions 
and interpretations is of interest in the 
light of additional data. p r i n c i p a l l ~  suh- 
surface. The prosirnit) of mechar~ically 
logged borings to outcrop reference sec- 
tions affords a n  immediate tie between the 
outcrop and the adjacent subsurface. The 
large1 alea of study and increased density 
of data  peimit a n  elaluation of significant 
regional relationships. An appreciation of 
these relationships may serve as  a n  intro- 
duction to the geologic setting. T h e  papers 
i n  this ~ o l u m e  treat of detailed studies 
within this area and  are  only the first of 
many detailed studies ~ r h i c h  need to be 
made. 

Shell  Dclelopmenl Company, Explorrl ian and Production Research Di\ i s ion ,  Houston, Texas 
Publirnlion 195. 
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FIG. 1. Area of investigation in north-central Texas. 



STRATIGRAPHIC USITS 

F O R ~ I ~ ~ T I O N  NAMES AND LOCAL SEQUESCES SYNOPSES 0r LITHIC UNITS 

The stratigraphic units and successions 
discussed in this report are tabulated in 
figure 2. The total agreement on the limits 
of the Fredericksburg "group" or "di- 
vision" in the southern part of the area is 
in contrast to the lack of general agreement 
(as shol{n by the brackets in fig. 2 )  in 
the northern area. 

The differing interpretations indicated 
by the numbered brackets are: 

(1 )  The Goodland-Walnut-Paluq- com- 
bination is based on concepts of 
genetically related cyclic sedimen- 
tation. 

(2 )  The Kiamichi - Goodland - Walnut 
combination is based on paleon- 
tologic affinities. 

(3 )  The Goodland-Talnut combination 
is a lithologic grouping that sepa- 
rates predominantly calcareous 
beds from differing contiguous 
lithologies. 

(4) The Kiamichi-Goodland-Walnut- 
Paluxy complex results from a mix- 
ture of the three basic concepts of 
stratigraphic grouping o r  combin- 
ing noted above. 

The Cretaceous in Texas was initially re- 
cognized by Ferdinand Roemer in 1847- 
48. The first tabulated section of named 
units was presented by B. F. Shumard in 
1860. Most of Shumard's units such as 
"Caprina Limestone." "Exogyra arietina 
Marl." and "Caprotina Limestone" were 
named for paleontologic traits. Other units, 
e.g.. "Comanche Peak Group" and "Austin 
Limestone," received geographically de- 
rived names or were named for a lithologic 
feature. e.g.. "Arenaceous Group" and 
"Blue Marl." In 1889 the Texas Geological 
Survey under the direction of E. T. Dum- 
ble initiated systematic reconnaissance 
studies. and R. T. Hill was placed in charge 
of the Cretaceous. By 1891 mapping and 
knowledge of the local sections were suf- 
ficiently advanced to define most of the 
main cartographic units under considera- 
tion in the present paper. In a paper en- 
titled "The Comanche Series of the Arkan- 
sas-Texas Region." Hill (1891) formally 
introduced most of the formation names in 
present use. Later investigations by Hill 
and T.  W. Vaughan. as Federal Survey ge- 
ologists. resulted in the naming of the Ed- 
wards 11898) and Georgetown (1900- 

C O M A N C H E  S E R I E S  

tesville Formation 

Glen Rose Limestone 
Glen Rose Limestone Glen Rose Limestone 

FIG. 2. Local sequences and interpretations of "Frederic!ishurg." 
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1 9 0 1 )  limestones. Of the nomenclatural 
proposals since 1901. only the  Gatcsville 
formation of Thompson (19353 is perti- 
nent to this discusion. Xotes on  the o ~ i g i n  
and  application of the formational namcs 
a r e  g i ~  en below. 

Georgetown limestone.-Narned after 
occurrences a t  G e o ~  getown, on  the San 
Gabriel River, Williamson County t Hill. 
1901.11 2621, the Geoigetown is composed 
of thinly bedded somewhat nodulai lime- 
stone t !  pically containing tiny calcispheres 
of plesumed planktonic organisms. The 
n a m e  1. applied south of the Brazos River 
to the thinncd correlative of numerous 
limestone and shale forma~ions (Kiamichi 
to Mall1 Stleet i n c l u s ~ \ e )  occul l inp to the 
north.  The formation thins from 150  feet 
a t  Wiaco to less than 75 feet a t  -Austin. 
Southxard  thinning is associated with 
facies change (a1 gillaceous into calcareous 
matel ia l) .  decreased rate of deposition, 
intrafolrnational hiatuses. and basal onlap 
on the  d~sconformable top of thp Edl\ ards 
in a n d  south of RIcLennan Cou11t.i. 

DL~CF, Creek formation.-The formation 
was named (Hill. 1891. pp. 504 ,516)  from 
expostiles along Duck Creek. north of Den- 
ison in Grayson Count!. a t  the ~ a l l e ~  edge 
of Red River. The  Duck Creek coris~sts of 
alternatrng marl! lirnestones and  marls 
concordantly overl j  ing the Kiamichi from 
McLennan County northward. T h e  forma- 
tion thickens from 30 feet a t  R*aco to 65 
feet a t  f o r t  Wol th  to more than 100 feet 
i n  t h e  type area.  The lower part  of the 
Georgetown limestone contains a similar if 
not identical fauna.  

Kianzichi format~on.- The  Kiamichi 
was named (Hill. 1891. pp. 504, 515 after 
occurlences on the plains adjacent to the 
Kiamichi River near  Fort Towson. eastern 
Chocta\\ County. Oklahoma. Dark  c l a y  or 
shales ith gryphaeate oyster beds or shelly 
limestones are  p ~ o m i n e n t  in the t.i pe area. 
T h e  outcrop thickneqs decreases from 50 
feet or less (not  1 5 0  as reported) in  Okla- 
h o m a  nest of the t\  pe area to about 30 
feet a i  Fort Worth to 5 feet o r  less south- 
east of Gatesville. Co~yel l  Count) .  The 
Kiamichi is absent a t  the outcrop b.i onlap 
south of the C o r j  ell-Bell Countj line. with 

the exception of the Williamson County 
o u t l ~ e r  near Round Rock. 

Goodlund 1~nzestone.-The Goodland 
was named (Hill. 1891, pp. 504. 514,) 
after the old settlemerit of Goodland (= 
present site of Good Snitch on the St. Louis 
and  San Francisco Railroad. 3 miles north 
of Hugo. not the present-day Goodland, 3 
miles southwest of Hugo) .  Choctaw 
Count!. Oklahoma Twenty feet thick in 
the t) pe area. the folmation is charac- 
ter i7ed by thin marl partings bet!\ een fos- 
s~l i feious beds of gray nodular chalky o r  
ithite crystalline l~mestone. The  facies is 
the same as that de.i eloped in the tr pe area 
of the Comanche Peak limestone. East of 
the t ~ p e  area. the Goodland in IIcCurtain 
Count! thickens to 50-75 feet of more 
massiic and purer limestones and rudists 
common in the upper portion and is in part 
the same facies deleloped in the E d ~ a r d s  
limestone of the Brazos River v a l l e ~  . Along 
the outcrop south of Red Rive1 the forma- 
tion thrckens to about 125 feet \\est of Fort 
X'orth. Year the Tarrant-Johnson County 
boundaiy. the upper portion is again 
malked by massixe beds containing ru- 
dists. the lower portion becomes more ar-  
gillaceous, and  the formation passes by  
tlarisition into the Edwards, Con~anche 
Peak. and upper Walnut of the Brazos val- 
ley sections. 

Cdlt nrds l imestor~e -The geogr aphie 
name Cdwaids. from the Edwards Plateau 
of southwesteln Teuas. was applied (Will 
alid 1 aughan. 1892a. p. 2; 1898b. pp. 
227-235) to the cherty, caprinid- and 
other I udist-bear lng strata intermediate 
betueen the Georgetoun or  Kiamichi and 
the Conianche Peak formations and re- 
placed the earlier paleontologic designa- 
tion of .'Caprina Limestone" (Shumard. 
1 8 6 0 1 .  The name change was substituted 
under false implessions of the actual 
stratrglaphic relations between the Ed- 
\\ ar ds Plateau section and the Caprina 
Lin~eqtone sections originally described 
f l o m  occurrencrs i n  the Colorado and 
Blazos T alleys. The  t.i pe localitj of the Ed- 
\$ a1 db \\ as subsequently assigned to cen- 
tlal Texas (Barton Creek, near Austin) by  
Adkins (1933).  The Edwards is composed 
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of several different limestone types but is 
distinct from adjacent formations in  physi- 
ographic espression: nature of soil. and 
differences in vegetation; it  varies from 
3 0  feet or lkss in  the north to more than 
200  feet in the Colorado Valley. South- 
ward  thickening results from successively 
older intercalations or facies change at  
the expense of the underlying strata. 

Co77zanche Peak  limestone.-Hill (1891, 
pp.  504,. 512-513) emended the Co- 
manche  Peak formation to exclude most 
of t h e  older s t rata  (Walnut and  Glen 
Rose? originally included in the Comanche 
Peak  group by Shumard.  The white chalky 
limestone of the type section is  100  feet 
thick at  Comanche Peak, the famous early 
landmark southwest of Fort Worth. and is 
essential1)- the same facies represented by 
the Goodland limestones from Tarrant 
County north. T h e  Comanche Peak thins 
to  the south as the Edwards thickens. and 
finall!.. in the Colorado Valley area. en- 
croaches on the  underlying marly lime- 
stones of the Walnut  with stratal replace- 
ment  analogous to the Edwards-Comanche 
Peak transition mentioned previously. 

JF'al~~z~t formation. - Named (Hill: 
1891. pp. 504,512) after occurrences near 
the t o ~ $ - n  of Walnut  inow called Walnut 
Springs)  in Bosque County, the  alternat- 
ing  clays, nodular marly limestones. and 
shell beds were previously called "Exog3.r~ 
texann clays," "Gr3phuea rock," o r  "Tex- 
a n a  l~eds." Transitional into the over1~-iug 
Comanche Peak, the  Walnut i n  the type 
area ic in abrupt contact with the  Paluxy 
sands below. T h e  Walnut interval varies 
wit11 different concepts of the formation 
north and south. I n  the area of Goodland 
limestone recognition to the north. only 
the ,rrl.!-~~liaeate shell beds common in the 
lower part of the type Walnut a r e  cus- 
tomarily assigned to the Walnut. South 
of  the t!-l)e area, the  formation e x ~ ~ a n d s  
stratigraphically a t  the expense of the 
Palus>-, then decreases as the chalk!- lime- 
stones of the Comanche Peak replace from 
the  top downward the nlarls and nodular 
limestones of the type section. The  thin 
clay ordinarily recognized as the central 

Texas Walnut is a lateral equivalent of 
Paluxy sands underlying the type Walnut. 

Palzlx? sand.-Initially confused (Hill: 
1891. pp. 504, 510-5111 in the area west 
and  northwest of Fort  Worth with older 
sands, the irregularly bedded. friable 
packsand section intermediate belween the 
Walnut and Glen Rose was subsequently 
recognized as  a distinct unit follolsing 
studies in the Brazos Valley adjacent to 
Comanche Peak. The  Paluxy sands were 
named f r o m characteristic occurrences 
along the headwaters of the Paluxy River 
in Erath County and on the highlands ad- 
jacent to the village of Paluxy, Hood Coun- 
ty. Typically developed between the valleys 
of the Trinity and  Lampasas rivers. the 
formation merges into the greater interval 
of the Atitlers sand outcrop northwest of 
For t  Worth. T h e  southern limit of quartz 
sand concentration, roughly along a line 
bearing northeast from Lampasas toward 
Waco. marks the passage of the Paluxy in- 
to  the calcareous and argillaceous strata 
a s s i p e d  to the Walnut. This latter relation 
is  contrary to older notions that the Paluxy 
was totally represented in the upper Glen 
Rose of the central Texas o r  southern 
area. 

Glen Rose limestone.-Named (Hill ,  
1891. pp. 504: 507-509) from the typical 
development a t  and  near Glen Rose on the 
Palus!- River, Somervell County, the so- 
called "Alternating Beds" a r e  character- 
ized h y  a variety of argillaceous or dolo- 
mitic liinestones alternating with more in- 
durated liinestones that result in a pro- 
~ lounced  bench - and - terrace topography. 
The formation interval thickens from 200 
feet plus in the type area to more than 600 
feet in the Colorado Yalley outcrops. 

Gatesville fol.rnatio7~. - From vertical 
and lateral gradation relationships ob- 
served in a series of outcrop sections from 
Red River south into central Texas. the 
Edwards. Comanche Peak, and Walnut 
were treated a s  facies of a single sedimen- 
tation unit, reduced in rank from forma- 
tions to members, and grouped into the 
proposed Gatesville formation (Thompson, 
1935: pp. 1531-1534). The type locality 
was designated near  Gatesville. Coryell 

2 
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County. where the three subdivisions are 
exposed with characteristic facies. Con- 
cerned with the ambiguous application of 
the name Edwards to the entire sedimenta- 
tion unit (Gatesville equivalent) in distant 
areas to the west and southwest. and not- 
ing in turn that stratal intervals different 
from those of the type Comanche Peak and 
Walnut sections were recognized elsewhere, 
the intent of the new proposal was to con- 

fine an area of consistent, non-ambiguous 
usage based on the representative or type 
sections as developed in north-central 
Texas. Thompson rejected the Goodland 
formation as a synonym of the Comanche 
Peak and considered the Kiamichi and 
Gatesville formations as constituting the 
Fredericksburg group from Coryell Coun- 
ty northward. 



LOCAL STRATIGRAPHIC SECTIOSS 

Certain outcrop sections have been re- 
~ e a t e d l y  studied and consequently have 
hecome the local reference sections. In 
other  areas shallow core-borings at  dam- 
sites serve the same purpose. The  lithic 
units i n  these reference sections. as  locally 
recognized by the ~j-riter. may be  projected 
with reasonable certainty into the adjacent 
subsurface and the subdivisions indicated 
on mc~chanical logs. These logs s h o ~  typ- 
ical local relationshins and serve as sub- 
surface standards for  a network of log-to- 

u 

lo? to l~e la t ions  on M hich the regional re- 
lation? presented a r e  based. 

Investigations that provide details and 
I I I . ~ T - ~ O I I S  interpretations of local sections 
include Texas Geological Survey regional 
studiec by Taff (1892, 1893) and Hill  
(1901  1 : county geological reports in the 
norlheili area by  Winton (1920. 1922. and 
1925  ) and on the southern counties b\ Ad- 
kilts 11924; Adkins and Arick. 1930) ; 
U. S. -4rnq- Corps of Engineels darn- 
site in1 estigations (Colligan. 1951 : Hull. 
1 9 5 1  1 : ieports of inbestigations bv other 
organizations (Thompson. 1935  : Lozo. 
1 9  19: and Leggat, 1957) ; and  thesis 
studies (Ikins, 1941)  or other open-file 
reports. mostly unpublished. 

Reference outcrop sections of the Fred- 
ericksburg and adjacent formations are 
well espoeed in the Benbrook area. south- 
western Tarrant Couuty. and in the vicinity 
of Lake Worth dam. northwest of Fort 
W o r t h  I fig. 3 ) .  Taff and Hill used data 
originally obtained in the Benbrook area. 
Winton and Adkins first presented details 
of the  Lake Worth dam abutment exposure 
and  Thompson later utilized data  from this 
locality and others nearby. Leggat clari- 
fied mictakes of measurement in  Taff's 
original compilation of the section in the 
Berlbrook vicinity b y  combining data  from 
outcrops and Benbrook dam-site borings 
of 1945. 

T h e  subdivision boundaries indicated 
on t h e  log in figure 3 are those in recmt 

common use and date from Gayle Scott's 
earl!- works (1930;  Scott and  Armstrong, 
1932;  Armstrong and Scott, 1930) in  
Parker  and Wise counties to the west and 
~ ~ o r t h ~ v e s t  of Tar ran t  County. 

Stratigraphic annotations. - Taff. in 
par t  through erroneous matching of par- 
tial sections, never fully understood the 
relation of this locality to others either 
south or north. Relj-ing mostly on the 
range of Exogyra texana ( = "Texana 
Reds") and occurrences of rudists (= 
"Caprina  beds"‘^ he considered the inter- 
vc,ziin< Comanche Peak to be the upper 1 8  
feet of the section belo~j- the Kiamichi with 
the uppermost 4. feet. from which he re- 
ported a caprinid: representing the "Ca- 
pr ina Limestone" which occurs to the 
south. 

Hill. using Taff's erroneous data. ex- 
tended the Goodland from the north. as 
the "Caprina" plus Cornanche Peak equir- 
alent. but erred in  his correlation of the 
Walnut interval as  recognized to the south. 

Winton and Adkills (1920:l extended 
the Goodland d o ~ c n  to the top of the main 
R'alnut shell beds. the position subsequent- 
ly accepted by most workers in the north- 
ern area. Their placement of the lower 
limit of the Walnut? to include upper Pa-  
lux)- sands different in character from 
those below, was influenced by  mis-iden- 
tification of lenticular fossiliferous lime- 
stones just above the proposed boundary 
as  Walnut rather than Glen Rose as later 
determined by Scott (1930,1940i .  The top 
of the Paluxy has since been recognized as  
the shell bed-sand contact, follo\ring Taff's 
usage. 

Thonlpson considered the name Good- 
land as a synonym of Comanche Peak but 
this conclusion is debatable. Advocating a 
consistent nomenclature usage, he correct- 
ly placed the Comanche Peak-Walnut-Pa- 
lux>- boundaries a t  the positions recognized 
in the respective type localities to the south- 
west. It  may be noted that the nomen- 
clature and boundary positions recom- 
mended by Thompson could be used as  
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FIG. 3. Tarrant County control section. 



logically in the transitional area of Tar- 
rant County as  those currently accepted 
through usage. 

HOOD- JOHNSOX COUNTY COKTROL 
SECTION 

Comanche Peak. the famous Indian 
landmark south of Granbur~.  Hood Coun- 
ty, \$-as examined in reconnaissance by 
Shumard prior to the Civil War. This Ed- 
wards-capped topographic prominence ris- 
ing 200 feet above the Paluxy sands which 

=IC ex- encircle its base has become the cia--' 
posure of the Fredericksburg in the north- 
ern Brazos Valley. The section exposed at 
the peak is typically represented in logs 
a t  Cleburne, Johnson County, about 25 
miles to the east (fig. 3 i . 

Taff. Hill, Thompson. and Ikins have 
referred to the Comanche Peak locality 
with general agreement on the section ex- 
cepting the limits of the Comanche Peak 
formation. This stlanee situation. with ref- 
erence to the type section of the unit. is 
traceable in part to Hill's ambiguous state- 
ments of thickness in his original defini- 
tion. 

Stratigraphic nnrzotations. - The Ed- 
wards-Comanche Peak contact is unifoim- 
ly  determined at the base of the scarp- 
forming. massive. rudist-bearing linlestone 
cappin: the peak. Taff's "Caprina Lime- 
stone.' is Shumard's early paleontolopic 
deqignation of the Edn ards. 

Hill. in both his 1892 and 1901 reports 
on the section a t  Comanche Peak. ga le  am- 
biguous thicknesses of 66 and 99 to 100 
feet in his treatment of the type Comanche 
Peak unit. The lesser interval conforms to 
Taff's Comanche Peak. as indicated. The 
greater thickness. hov ever. is more con- 
sistent vith Hill's emendation of the "Tex- 
ana Limestone" in the tvpe Walnut section 
to the south. Consistent practice T( ould re- 
sult in placing the Walnut-Comanche Peak 
contact 100 feet b ~ l o ~ v  the base of the Ed- 
wards. at the position recognized by 
Thompson and as projected on the log. 

Ikins' upper limit of the Walnut here 
and a t  other localities to the south was 
determined at the highest occurrence of 
chalky or marly limestones bearing the 

keeled. flat ammonite O~~tropidoceras .  
This questionable criterion would result 
in assigning almost all of the Goodland 
formation in Tarrant County to the Wal- 
nut. 

Thompson described the Paluxy-Walnut 
contact as abrupt and disconformable. as 
it is to the north. Taff and Hill placed the 
contact at the base of a 15-foot transitional 
interval of "arenaceous lime nlarls with 
Gryphaea.'' This transitional interval has 
not been confirmed. in this area. by later 
work. 

The Kiamichi, absent by denudation 
from the top of the peak, is given an aver- 
age outcrop thickness of 18 feet in Johnson 
County (Winton and Scott, 1922) .  At Co- 
manche Peak, the Paluxy sands have been 
estimated by Hill and others to be 100 to 
125 feet thick. These intervals approximate 
those determined in the Cleburne log. 

BOSQUE-HILL COLZTY CONTROL SECTION 

Sections in the area of Bosque and Hill 
counties (fig. 5 )  introduce changes from 
the stratigraphic relations observed to the 
north. These differences relate specifically 
to the nature of the Kiamichi-Edwards con- 
tact and the changing position of the 
Walnut-Paluxy boundary. Evidence of a 
disconformity on the top of the Edwards 
increases in significance in the Coryell- 
McLennan area to the south. Of similar 
significance is the lateral intercalation of 
sand (Paluxy) and argillaceous or cal- 
careous strata (Walnut) that results in the 
complete replacement of the sand by cal- 
careous strata in southern Carl-ell and 
McLennan counties. 

Outcrop data in the Walnut Springs 
area were detailed originally by Taff. The 
type section of the Walnut formation was 
defined by Hill from these data and 
Thompson added later observations in the 
same area. Cores from dam-site investi- 
gations (Hull, 1951) along the Brazos 
River (near Kopperl. northeastern Bosque 
County. and at Lake Whitney Dam 15 
miles south-southeast) provide basic data 
on the Walnut-Paluxy relations. Observa- 
tions on the Kiamichi-Edwards contact in 
the vicinity of Whitney Dam have been re- 
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corded by Taff, noted by the writer in the 
companl- of Corps of Engineers geologists, 
and  treated in detail by Shelburne I 1956). 

Stratigraph.ic anr~otations.-Hill emend- 
ed Taff's "Texana Limestone" to esclude 
10 t o  15 feet of fossiliferous chalky lime- 
stone at the top a n d  thus defined the type 
section of the Walnut  formation. With this 
slight change, all  boundary determinations 
of later investigators are in agreement with 
those of Taff, a r e  readily recognized in the 
Kopperl core 15 miles east, and can he ac- 
curately projected into logs of ~ i e l l s  in 
north~restern Hill County. 

A t  Kopperl and  a t  Lake Whitney Dam 
the Walnut and Paluxy interval a t  both 
sites is  about 1 6 5  feet. Correlations be- 
tween the two localities can be closely con- 
trolled by persistence of lithologies. or in- 
terval matching when necessary. Without 
question. it is evident that the upper Pa- 
luxy sands of Kopperl pass laterall!. into 
calcareous shales and  thin shelly lime- 
stones at Whitney to be assigned to the 
Walnut  formation. This argillaceous-cal- 
careous facies, of Walnut aspect litholog- 
ically and paleontologically, i n  turn is 
transitional into the underlying Palusy 
sand through a few feet of interbedded 
sand  and shell beds. The result is  a strati- 
g raphic  lowering of the Walnut-Paluxy 
contact h!- lateral a n d  vertical intercala- 
tion as  diagrammed. 

A mile and a half north-northeast of 
Whitney Dam. the upper stirface of the 
Edxrards is verticall>- bored and the elon- 
gate c!-lindrical holes.. 0.1 to 0.5 inch in 
diameter.  are locall>- filled with sand from 
 he overl!-ing basal Iciamichi. The  basal 
sand is  a foot thick. Similar evidence of 
a possible interruption in deposition at the 
Kiamichi-Edwards contact was noted by 
Taff a felv miles southeast of the dam ion 
Coon Creek in Bosque County) T(-here he 
observed a "commingling" of Kiamichi 
gryphaeas and Edwards caprinids "at the 
contact on the surface of the hard Caprina 
limestone." Advancing a case fo r  paleon- 
tologic afinitp between the two formations, 
h e  did not suggest the possibilit~- of re- 
worked fossils. 

TF'ithin Coryell County, the Iciamichi 
and Palusy disappear as mappable units 
and  the Edwards probably increases ab- 
ruptly in thickness. Despite the strategic 
location of the county in the mid-Coman- 
che outcrop belt, stratigraphic progress in 
the form of outcrop data sufficiently con- 
trolled to demonstrate the nature of these 
important relations has been negligible. 
Recent work by 0. 6. Shelburne on the 
Kiamichi and H. F. Aelson on the Edwards 
a re  notable exceptions. 

Continuous outcrop sections of the total 
interval, Kiamichi to Paluxy inclusive. are 
confined to the area north of Gatesr-ille 
and  east of the Leo11 River (fig. 6 ) .  The 
section exposed near  the State Reform 
School has been generalized by  Thomp- 
son and reviewed by Ikins. A composite of 
two sections b y  hIcBride (1953) in the 
southeastern corner of Hamilton County, 
just north of the Hamilton-Coryell County 
boundar!-: is i n  gross agreement with the 
Gatesville section and includes the Palusy. 
overlooked b y  Thompson i n  the area of 
his section (Lozo, 1949).  

T h e  Gatesville reference section is bas- 
ically the same as  the Whitney Dam section 
and the same structural-stratigraphic re- 
lations continue into northern McLennan 
County. Southward of Gatesville. near the 
Car>-ell-Bell County line. the southern lim- 
it  of the continuous Iciamichi ouicro11 is 
reached and the replacement of the Palusy 
b y  the R'alnut is completed. The  same stra- 
tigraphic r e l a t i ~ n s h i ~ ~ s  are  maintained in 
southern McLennan County, and the log 
of the  ell at  Mood!- Tras selected as t!-pi- 
cal of these developments. 

Stratigraphic arzrzotcltions.-The Kiami- 
chi  thins to zero by basal onlap, a conclu- 
sion independentlJ- derived from outcrop 
obser1-ations by Shelburne to the north. dc- 
duced from subsurface relations to  he 
southeast by the M-riter. and supported by 
ammonite zonal studies of Young 11956). 

By projection of relations observed in 
Bell County and to the south, the rem- 
tlant Ed\\-ards exposures in western Coy!-ell 
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County (on the divides adjacent to Cow- 
house Creek) probably represent stra- 
tigraphically lower rocks than the Edwards 
to the east. This interpretation remains to 
be checked in the field. 

The  Comanche Peak-Walnut boundary 
of Thompson and the writer is  that of the 
type Walnut section. McBride's agreement 
with Ikins' placement is fortuitous; in a 
northern Hamilton County section. his de- 
termination approaches the lower stra- 
tigraphic position. 

The  Paluxy a t  Gatesville was not recog- 
nized by Thompson and Ikins who placed 
the uppermost few feet of sand observed in 
the Glen Rose. This follows an earlier er- 
ror  of Hill who presented two versions of 
the Paluxy outcrop in Coryell County. In 
Hill's "Black and Grand Prairies" report 
of 1901. one map (PI. LXVI, dated 1899) 
shows the Paluxy outcrop terminated at 
Jonesboro, just south of the Hamilton- 
Coryell County line. On another map (Pl. 
LXXt dated 1900) he correctly extended 
the outcrop down both sides of the Leon 
Valley to a position just south of Gates- 
ville. Other Paluxy outcrops, not shown by 
Hill: occur to the west along Co~vhouse 
Creek and its tributaries. It is from these 
outcrops. in the Pidcoke-Copperas Cove- 
Fort Hood village area, that the Paluxy- 
Walnut relations indicated can be demon- 
strated in the field. 

The  Gatesville formation of Thonlpson is 
a cartographic "group" in present stratig- 
raphic taxonomic practice and warrants 
consideration if the existing ambiguity at- 
tached to the name "Fredericksburg" cat1 
be clarified. 

CEXTRAL BELL COLXTY CONTROL SECTION 
Kithin Bell County. the major develop- 

ment in the Edwards-Comanche Peak-Wal- 
nut sequence is  the steplike southward re- 
placement of chalky Comanche Peak lime- 
stone by Edwards limestones of various 
types. This feature and other observations 
derived from study of the exposures in 
western Bell County J+ere reported by Ad- 
kins and Arick (1930).  Their generalized 
outcrop data on the Fredericksburg forma- 
tions are in agreement with the more de- 

tailed information based on cores at the - 
Belton dam-site (Colligan, 1951) .  The 
core data, augmented by sample data from 
a well at the dam-site, control the units 
indicated on the log (fig. 7) .  

Stratigraphic annotations.-The nature 
and position of the upper and lolter limits 
of the Fredericksburg interval. as devel- 
oped in southern hIcLennan County. con- 
tinue ~ti thout change through Bell County. 
Of the total interval. the Walnut formation 
comprises approximatrly the lo~ver half 
and is essentiallv of constant character 
throughout the area. With some uncer- 
tainty in regard to the regional relations of 
the lo~vermost 20 to 23 feet of the Eialnut9 
the total thickness indicated on the log is 
comparable to the outcrop interval of 165 
to 170 feet determined by Adkins and 
Arick. 

The Edwards limestone varies from 30 to 
40 feet in the north to approximately 100 
feet at the Bell-Williamson County line. 
The increase is knovn to be abrupt and at 
the expense of the underlying Comanche 
Peak in certain places: in other instances. 
mound or ridge build-ups by increased rate 
of calcareous deposition in the upper part 
of the Edwards may be a contributing fac- 
tor. With respect to compensating thick- 
ness changes betwen the Edwards and Co- 
manche Peak, the relative importance of 
lateral intercalation and gradational facies 
remains to be determined. 

In northern Williamson County (fig. 8) 
intermediate between the county line and 
the city of Georgetown. the Ed~ ta rds  con- 
tinues to thicken at the expense of the Co- 
manche Peak, and the Comanche Peak. in 
turn. encroaches on the upper part of the 
Walnut. These changed relations result in 
the formation intervals and contact posi- 
tions at Georgeto~+n indicated on the log 
and are confirmed by sample data. 

The logged section is controlled by ex- 
posures west-north~test of Georgetoun. In 
the area of Pilot Knob (U.S.C.G.S. Station 
"Gabriel"), an Edwards-capped promi- 
nence 15 miles distant. Taff and Ikins are 
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FIG. 7.  Central Bell County control section. 



16 Bureau of Economic Geology. The  Universitj. of Texas 

C E N ~ R A L  W I L L I A M S O N  COUNTY C O N T R O L  S E C T I O N  

P i l o t  K n o b  N o r t h  F o r k  L a y n e - T e x a s  

( o f f e r  l k i n s l  Son G a b r i e i  R i v e r  City of  Georgetown W W N o . 2  

FIG. 8. Central X'illiamson County control section. 
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i n  basic agreement on the Comanche Peak- 
Walnut  boundary a n d  the thickness of each 
formation. Midway between Pilot Knob 
and Georgetown. i n  the vicinity of the 
western~nost outlier of the Georgetown 
limestone. outcrops in the valley of Xorth 
Fork  of San Gabriel Ri \er  permit compila- 
tion of the total Fredericksburg section. 
T h e  subdivisions recognized i n  the com- 
piled section a r e  essentially those of the 
subsurface log. 

Stratigraphic annotutions.-Ikins de- 
tailed the Walnut section at Pilot Knob, 
and  the three approximately equal sub- 
d i ~  isions recognized can be matched in the 
San Gabiiel and Georgetown sections of the 
Walnut .  With the middle membel. the 
Cedar  Park limestone of Adkins (1933). 
used as  a datum. the  base of the Comanche 
P e a k  is indicated to he essentially constant 

i n  stratigraphic position. Whether or not 
the stratal ascent of the base of the Edv ards 
west of the San  Gabriel section can be 
projected any  significant distance beyond 
Pilot Knob is entirely conjectural. 
-4 possible disconformity a t  the X-alnut- 

Glen Rose contact is present 3 miles north- 
no1 i h ~  est of Leander . at  the Austin-Lam- 
pasas highway (US 183) crossing of the 
South Fork of S a n  Gabriel River. The 
uppermost bed of the Glen Rose is exten- 
sively riddled by  pholad borings. The same 
feature ui th  the same possible interpreta- 
tion \$as noted by  Adkins and Arick 
(1930) in a Bell County contact taken to 
b e  the top of the Glen Rose. The  extent and 
significance of this possible surface of dis- 
conform~ty  northeast of the Llano uplift 
a r e  problems for  future study. 



REGIONAL STRATIGRAPHIC RELATIONS 

I11 l~ieceding page3 local outcrop or 
cored I eference sections. s h o v i n g  \tell- 
defined formation units. ha \  e been 
matched with n e a r h ~  logs to iden t i f~  the 
e l e c t ~ i c  log units. T h e  interpreted relations 
of these formations. as indicated on these 
and  additional logs. a le  illustrated on the 
regional cross sections (fig. 10). The line 
of section. adjacent to the outcrop. is fiom 
the xicinlty of Fort  Kor th  s o u t h ~ r a r d  to- 
ward Austin (fig. 9 ) .  On Section 4-B, 
f rom Benbrook to South Bosque, the major 
features concern the  southward onlap of 
the Kiamichi and  the relation of the Pa- 
lux? to  the Walnut. On Section B-C. from 
South  Bosque to south of Georgetown. the 
m a j o r  change is  t h e  increase i n  thickness 
of the  Edwards. In summary, the follolr ing 
points may he emphasized. 

(1) Between the Kiamichi o r  George- 
town abope and the Glen Rose be- 
low, each mappable uni t  (Good- 
land. Edwards. Comanche Peak, 
Walnut, a n d  Paluxy) is locally 
transitional into the contiguous 
unit, laterall, o r  verticallv. o r  
both. 

12)  The disconformable Georgetown- 
Edwards contact in  the southern 
area passes northward into the con- 
formable b u t  abrupt contact of the 
Kiamichi on  the Edwards o r  Good- 
land. Similarly. the probably dis- 
conformable Walnut-Glen Rose 
contact i n  the  southern a rea  passes 
northward into the probably con- 
foimable bu t  abrupt contact of the 
Paluxy on the  Glen Rose. These 
continuous surfaces a re  consideled 
datum planes that in effect bracket 
a genetically and diastrophically 
related interbal of the stratigraphic 
record. T h e  included inter lal  is 
herein termed the Fredericksburg 
d i ~  ision. 

( 3 )  Classification of the Fredericks- 
burg as a dibision follows the early 
usage and  concept of R. T. Hill. em- 
phasizing a major and  distinct 
cvcle of sedimentation producing 

an integrated subseries. 111 strati- 
graphic nomenclature, a dirisior~. 
thus defined. is distinct from both 
the paleontologically defined stage 
and the cartographic, lithologically 
defined association of forn~at ions 
usually called a group. 

( 3 )  In  the area of the regional cross 
section (A-B-C'I . the total Freder- 
icksburg interial is about 325 feet 
thick in  which the Palus?- sand 
composes up to 50 per cent of the 
total interval. This may be  a signifi- 
cant indication of the probablv 
minor importance of the X'alnut- 
Paluxy disconformity in  the area 
from Hill County northu-ard. The 
disconformity. reflecting marine 
transgression. is conceived to re- - 
suit f rom rhythmic progression 01 
successive minor onlaps of marine 
on nonmarine strata. Implied is the 
interpretation that the underlying 
Paluxy, a t  anj- one locality. is but 
<lightly older than the olerlying 
P'alnut a t  the same localit\-. In the 
regional setting. the Pa lusp  is es- 
sentially a phase of dominantly 
nonmarine deposition contempo- 
raneous with the offshore marine 
deposits of the lower Fredericks- 
burg. 

( 5 )  The Edwards limestone is a geo- 
metric analogue of t h e  Paluxy sand 
within the total Fredericksburg in- 
terval but  is geographically op- 
posed in direction of increasing 
thickness and in area of occur- 
rence. T h e  sedimentary cj-cle initi- 
ated by  the influx of terrigeneous 
clastics (Paluxy) from the n o r ~ h -  
west and north suggests a rejuvena- 
tion in  these source areas possibly 
accompanied by  a change in clima- 
tic conditions. The terminal phase 
of the cycle. marked b y  shallow and 
clear water free of land-derived 
detritus, is reflected in  the calcare- 
ous carbonate deposits, locall>- zo- 
ogenic, of the Edwards limestone. 
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Deposition and Alteration of the Edwards 
Limestone, Central Texas 

HENRY F. NELSON2 

The  Edxi ards limestone is the upl~ermost  
formation in the ri edeiicksburg giou11 
(Earl>- Clrtaceous epochi .  In the ~icini t !  
of the Red R i ~ e r .  the group is cornl~osed 
predominantly of terrigenous clastic 
sediments. To the south. the terrigenous 
sediments glade into the marls. shell heds. 
and nodulai limestones of the Walnut and 
Comanche Peak formations. The lattel. in  
turn. g lade  into the E d ~ i a r d s  formation 
farthe1 south, Near Austin. the Edx\aidi  
formation constitutes most of the Freder- 
icksburg gioup. 

At I arious localities in Bell, Coryell. arid 
McLennan counties. the Comanche Peak 
limestone glades into the Edwards lime- 
stone by t 1 ) an increase in grain size. 121 
a gradual  increase i n  the number of 111- 

distids i n  the upper p a ~ t  of the Comanche 
Peak limestone. ( 3 )  t~ans i t ion  of massir e 
l lodula~ l imesto~~e into x\ ell-brdclecl lime 
stone. and  14) inter tonguing of nodulai 
limestoile vi th  rudistid limestone. 

The  E d ~ t a r d s  formation is 16 feet thick 
north of Gatesville i n  Cor yell  count^. It  
increases i11 thickness to the south and -ast 
reaching a maximum thickness of 123. lect 
near hIoffat in n o r t h e ~ n  Bell County. South 
of Moffat. it decreases in thickness. I t  1: 6:: 
feet thick at localit) 13-T-3 sou th~\es t  of 
Belton. I'ariations in  thickness of the Cd- 
uards  formation a l e  due p r i m a i l l  to 
facies changes of the Edvards limebtone 
into the Comanche Peak limestone. HOT\ - 
ever. topopiaphic relief. due either to local 
reef Sroli th in the Ed13 ar ds limestone 01 

erosion of the limestone prior to d e ~ ~ o s i -  
Lion of the overlying fo~mations.  1~robah11 
caused come variation in thickness. 

- 

The  Edxi-ards formation is unconform- 
ably overlain by  the Kiainichi and Duck 
Creek formations. ET-idence for  a n  uncon- 
formiiy includes ( 1 )  oxidation and case- 
hardening of the top of the Edwards lime- 
stone. t 2 )  occurrence of small pits and 
bore holes filled with ICiamichi shale in thc 
top of the Edwards limestone, ( 3 )  onlap of 
succe~sivel!- higher lithologic units of the 
shale upoil the E d ~ c a r d s  formation. and 
(4') onlap and @inchout of the shale 
around rudistid reefs. There is n o  el-idence 
of gradation between the two formations. 
T h e  Kiamichi shale pinches out in soutli- 
eastern Coryell Count!- along a line es -  
tending from Whitson to]\-ard Gatpsville. 

In  the area of this study, the Edx\-ards 
formation is a reef complex made up of 
massive rudistid biohern~al  and biostromal 
reefs that grade laterall!- into well-bedded 
inter-reef deposits. Biohermal reefs are 
composed of a mass of rudistids and asso- 
ciated organisms embedded in a verj- fine- 
grainrd matrix. Three faunal zones can he 
frequent]!. recognized. .I coral zone in 
~vhich  Clndophylliu is prominent occurs at  
the base of the reefs. The Cladoph~llicr 
zone grade. upward into a zone of Toll- 
casiu and .IIonoplerira. The Monoplenru- 
Toucnsin zone grades ul~rt-ard and outxvard 
from the reef core into the zone of Capri- 
rzrrloidecr. Eoradiolites. and Chondrodo,ziu. 
T h e  bioherrnal reels range from a mini- 
mum thickness of 9 fret to a masinlum 
linoxvn thickness of 55 feet. The reef cores 
prade Interally inlo more fragmental flank 
heck thai dip away from the cores ~ c i t h  i l l -  

clinations as great as 3 j 3 .  I11 some places. 
the hiohermal reefs apl~arently stood at 
least 2 0  feet above the surrounding sedi- 
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The inter-reef sediments are comuosed 
of well-sorted calcilutites, calcarenites, and 
poorly sorted shell debris. Most particles 
a r e  well rounded and are composed mainly 
of "original" shell fragments, recrystal- 
lized shell fragments, and opaque grains. 
T h e  earticles are cemented with clear cal- 
cite that is believed to be a n  original pre- 
cipitate rather than a product of recrystal- 
lization. The chert in the inter-reef facies 
is e primary deposit. 

Primary dolomite occurs as beds and as 
crystals disseminated in limestones and 
chert. Dolomite also occurs as a diagenetic 
mineral in the matrix of limestones. in the 
body chambers and shell walls of fossils, in 
bore holes, and in  voids in reef limestones. 

In Cell and southeastern Corpell coun- 
ties. ~ 0 ~ 1 t h  of the pinchout of the Iciamichi 
shale. the Edwards formation has been al- 
tered by post-lithifieation processes which 
include solution, recrystallization. cavity 
filling. dolomitization, and silicificalion. 
The  resulting limestones are characteristi- 
cally mottled shades of brown. yellow. and 
pink. They are hard dense crl-stalline 
limestones that occur as beds, concretions, 
and  irregular-shaped masses. Post-lithifi- 
cation dolomite is soft, very finely crystal- 
line. and has excellent intercrystalline po- 
rosity. except where it has been cemented 
by subsequent precipitation of calcite in 
the poles. 

This study and a previous study (Feray 
and Selson, 1956) have shown that post- 
lithification dolomite occurs  here the 

Iciamichi shale is thin or absent and that 
dolomitization took place prior to depo- 
sition of the Duck Creek limestone. The 
time when the crystalline and silicified 
limestones formed has not been positively 
established. Some of them formed after 
dolomitization. Extensive chalkification of 
the Edwards limestone appears to be re- 
lated to present-day topography. 

During the Early Cretaceous epoch, the 
rudistids and associated organisms formed 
one of the most extensive reef complexes 
in geologic history. At the beginning of 
Frcdericksburg time. the fauna began to 
migrate northu es t~< ard from the main 
reef trend. As they migrated. they trans- 
gressed the Fredericksburg group and 
formed a reef complex along the uest side 
of the Tyler basin. The reef complex. 
rt hich is described in this study. effectively 
subdi~ided the lagoon behind the mairi 
reef trend into t ~ + o  parts: the Austin la- 
goon in which rudistid biostromes. granu- 
lar limestones, and chert (Edv ards) were 
formed and the Tyler lagoon in which the 
Palux)-, Walnut. and Comanche Peak for- 
mations were deposited. The F~edericks- 
buig age was brought to a close by re- 
gional uplift, but before uplift took place. 
reef growth had ceased and sedimentation 
had essentially filled the inter-reef basins 
to the crests of the reefs. Uplift was appar- 
ently not very great. Following uplifl, the 
Ednards limestone was subjected to post- 
lithification alteration that developed new 
types of carbonate rocks. 



ISTRODUCTIOS 

T h e  Edwards formation in north-central 
Texas is  made up  of many types of rela- 
tivelj- pure limestones and dolomi~es. This 
paper describes the various types of rocks 
and attemljts to sholv their relation to each 
other and  to their en1 ironments of deposi- 
tion. T h e  paper is limited primarily to tlie 
physical features of the rocks and to the 
stratigraphic relationship of the Cduards  
formation to adjacent formations. A de- 
tailed study of the  faunal features of the 
Edwards formation is  be\-ond the scooe of 
this report. Such a study from a n  a d j a c ~ n t  
area is  presented by 1-oung i n  another 
paper i n  this volume. 

T h e  area discussed in this paper is lo- 
cated i n  the western r~arts  of McLennan 
and Eel1 counties a n d  the eastern part of 
Coryell County (fig. 11). It is bounded on 
the north by Bosque County, on  the ~c est 
by the Leon River and a line extending 
north froni Gates~ i l l e  to the Corvell 
County line, on the south by U.S. High- 
way 190. and on the east by the d o ~ j n d i p  
limit of the Edwards outcrop. 

T h e  paper is based upon field rnappi~lg 
of the Edwards formation in McLennan 
County and a reconnaissanre study in Bell 
and Coryell counties. The investigation 
went through four phases: (1) a prelimi- 
nary s u n  e\ to determine the natul e of the 
problems ~t hich might  be encountered. i 2'1 
mapping the rudistid and the intel-leef 
facies of the Edwards limestone on a e ~ i a l  
photographs of McLennan  count^ I 3) 
mapping the various t~ p ~ c  of l i tho loo~ on 
photographic mosaics of renrnsentati~ e 
outcror~s of the Edwards formation. and 
(4) a petrographic stud\- of hand si3eri- 
mens a n d  thin sections. The latter pha,c 
lras accompanied by X-ray diffraction and 
chemical analyses in  order to determine 
the relative abundance of calcite and 
dolomite. 
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I11 the course of writing this paper. 
standard terminology has been used as  
often as possible. r~equent ly .  because of 
conflicting opinion. regarding the mean- 
i n g  of terms. the ur i ter  has found it neces- 
sal! to apply his  o u n  definition to a term 
or to introduce a neu one. Insofar as pos- 
siblf.  these te lms and definitions are de- 
scriptive rather than genetic. The terms 
a n d  their definitions are as  f o l l o ~ ~ s :  

Bank-see skeletal liinestone. 
Bio11ern1-see skeletal limestone. 
Biostrome-see skeletal lin~estone. 
Bedding-no3attempt lias heen made to measure 

the al~solute thickness of beds. 
Terms denoting thickness 11al.e tlie following 

general meanings: 
thin-beclded-less than 6 inches thick. 

medium-Deddecl-6 inches to 1 foot 
thick. 

thick-beddeci-1 to 2 feet tliick. 
massive-more than 2 feet thick. 

In addition, bedding is described as even, wavy. 
and irregular. Tliese terms have tlie follolv- 
ing meanings: 

even-bedding formed by essentially 
smootll l~edding planes tliat have no  
relief. .Idjoining bedding planes may 
or may not be parallel. 

wavy-bedding formed hy  undulatory 
bedding planes. Beds vary in thick- 
ness. The  undulations of adjoining 
bedding plaues may intersect to pro- 
duce a nodular structure. 

irregular-11edding formed hy bedding 
planes \rl~icll have extremely variable 
relief. As a result, individual beds 
vary considerably in  tliick~iess. 

Calcarenite-see rock terms. 
Calcilutite-see rock terms. 
Cementation-the process by ~ ~ I i i c l i  sediments 

l~ecome harder 11y tlie chemical precipitation 



of a mineral in the interstices. 
Chalkification-the conversion of rock to soft 

white microgranular calcite by  rea at lie ring 
processes. 

Chalky-see rock terms. 
Clastic-see rock terms. 
Dense-refers to rock ~vhicli is very hard,  usually 

fine-grained, and has low porosity. 
Detrital-see rock terms. 
Diagenesis-"those changes of various kinds oc- 

curr ing in sediments between the time of 
deposition and the  time a t  which complete 
lithification takes place" (Howell, 1957) .  

Dolomitization-the process whereby a rock,l)e- 
comes dolomite by substitution of magnesium 
carbonate for a portion of the original calcium 
carbonate. 

Granular-see rock terms. 
I n  situ-strictly speaking, this term means "in its 

natural  position." I n  this paper, i t  means 
"essentially in its natural position." Thus. a 
reef-building organism, tl~ough torn from its 
gro~vtl i  position, is considered to b e  in situ so 
long as it remains a t  its growth site. 

Inter-reef facies-"the sediments deposited 1)e- 
t v e e n  reefs" (Nelson. Brown, a n d  Brineman, 
i n  preparation). 

Lime-mud-an aggregate of sand, silt, a n d  clay- 
sized particles of calci~im carbonate having a 
high water content. 

Lime-sand-an aggregate of calcium carbonate 
particles which a r e  rnore than 0.06 mm in 
diameter. 

Lime-silt-an aggregate of calcium carbonate 
particles ~vhich a r e  less than 0.06 mm in diarn- 
eter. 

Litliification-"the complex of processes that 
converts a nelvly deposited sediment into an 
indurated rock" (Pettijolln. 1957, p. 648) .  

Part ic le  terms-many types of particles make up 
the Edwards limestone. Among these a r e  micro- 
fossils. sponge spicules ( ?!, oolites, a n d  otlier 
fragmentary particles of calcium carbonate. 
With the exception of tlie last-named group, 
each is referred to by its proper name. The 
remaining particles. \chic11 make up most of 
the  Edwards limestone. are  subdivided into 
three types: 

"original" shell jragmerlts-fragments con- 
sidered to be the  original material secreted 
by tlie organism. On polished rock speci- 
mens. "original" shell material is tan to 
gra3- in color. I n  thin sections, this material 
i s  colored various shades of gray a n d  may 
exhillit slight tinges of brown or  green. 
hIinute strnctures, such as striations and 
la~ninations, a re  cl~aracteristic of "origi- 
nal" shell material.  Under crossed nicols. 
i t  niay hare a prismatic, lamellar. or 
fibrous structure and exhibit l ~ n d i ~ l o s e  
estinction. 

recrystallized shell frngments-fragments 
c o m ~ o s e d  of a mosaic of clear crystalline 
calcite. They may or may not 11e sur- 
rounded by a dark "dust" rim in thin sec- 
tions. They h a r e  tlie appearance of T\-llite 
sand grains in  tlie outc~.op. Strictly speak- 
ing. not all grains I ~ a ~ i n g  this appearance 
a r e  recrystallized shell fragments. Small 
particles are  in part  \\.ell rounded. The)- 
exhibit neither the structure nor an es- 

ternal shape ~vh ich  would identify them 
as shells. However. because of their struc- 
tural similarity to larger grains ~c-hic11 ]lave 
esternal shapes that identify them as shell 
fragments, a n d  because a complete grada- 
tion exists between these particles. the 
small well-rounded ones a re  classified as 
recrystallized shell fragments. 

ollaque grains-dark structureless particles 
which a re  composed of microgranular cal- 
cite. Generally. they are silt-sized and have 
very fuzzy outlines. 

Penecontemporaneous-formed at  essentially the 
same time as deposition of the surrounding 
sediments. 

Primary-"characteristic of or existing in a rock 
a t  tlie time of its formation" (Rice. 1951).  

Recn-stallization-"the formation of new mineral 
grains in a rock ~vh i le  in the solid state. The 
new mineral grains niay or may not have the 
same chemical and  n~ineralogical composition 
as the original rocli" (Holrell, 1957 . 

Reef complex-"the aggregate of reef. fore-reef, 
back-reef. and inter-reef deposits !\-hi& are 
bounded on the seal\-ard side by the basin 
sediments and on tile landward side by the 
lagoonal sediments" (Nelson, Brown, 3nd 
Brineman, in preparation 1 .  This is essentially 
the same concent as that esoressed bv Henson 
(1950 1 .  

Replacement-the process by which one niineral 
or  chemical substance takes the place of an- 
otlier. often preserving the structure or crystal- 
line form of the original substance. 

Rock terms-a generalized classification of car- 
bonate rocks is sholvn in figure 12. On the basis 
of textures and composition, most of ~\.11icIi can 
be observed in the field. tile following types of 
rock litliology have been mapped or are  dis- 
cussed: 

colt arenite-a limestone composed of detri- 
tal grains whirl1 range from 0.06 to 2 mm 
in &meter. ~ynon)mous  with granular 
limestone. 

cnlcilu~ite-a limestone composed of detrital 
grains which a r e  smaller than 0.06 mm in 
diameter. Synonymous ~vitll  fine-grained 
and m;crogranular limestone. 

calcitic dolomite or  calcitic chert-dolomite 
or cliert which contains from 10 to 50 
percent calcite. 

cllalkv limestone-liniestone ~vhicli has been 
partially altered to microgranular calcite. 
I t  is softer and  lighter colored in the out- 
crop than the normal limestone: in tliin 
sections, however. it has a very dusty 
appearance. I n  estreme cases, the original 
texture may be almost completely obliter- 
ated. 

chert-a microcrystalline or  micrograni~lar 
variety of silica. 

clastic (frczgrnentul) limestone-a limestone 
formed from tile fragments of older or 
contemporaneously formed limestone. It 
does not necessarily imply transportation 
of the fragment. frorn their site of forma- 
tion. Synonymous ~vitli  detrital limestone. 

course shell debris-a type of limestone 
composed predominantly of large shell 
fl.agnients a n d  in ~ ih ic l l  whole shells may 
be abundant. Tlie fragments a re  frequently 
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REGIONAL GEOLOGY 

T h e  area discussed in this paper is lo- 
cated on the west side of the T!-ler l~asin. 
T h e  tectonic siructure is simple. Beds dip 
.ouiliyastward into the bas;n a t  an average 
ra te  of 20 feet per mile. Flexures perpen- 
dicular to the regional strike of the beds 
a r e  present but insignificant. Normal faults 
a n d  flexures which are part of the Balcones 
faul t  system in Bell County have been 
descril~ed b y  Adkinc- and Arick (1930: 
111). 71-74) and Colligan (1951. 1). 333. 
Small  faults with a throw of 1 to 3 feel 
haye  also been ol)c-erved by  the ~vriter. 
Locally. the top of the Edwards formation 
is  undulatory o\\-ing to reef growth. 

The  formations \\-hich crop out ~vithin 
o r  immediately adjacent to the area are  
al l  of Early Cretaceous age and are parts 
of the Trinity, Fredericksburg. and Wash- 
i t a  groups (fig. 1 3  I .  The regional strati- 
graphic features of the Edwards formation 
have heen discussed I)!- other writers I Hill: 
1G91 1901; Taff. 1::92; Taff and  Lel-erett, 
1893 : Adki~zs, 1924. 1933 ; hdkins  and 
Xrick. 1930; Thompson, 1935; Lozo, 1944$, 
1949  I and a r e  also discussed 11)- Lozo and 
Shelbul.ne in  this 1-olume. i\;el-ertheless, 
despite son~e  repetition, it is necessary to 
discuss the relations of the Edwards lime- 
stone to the underlying and overlying for- 
i i~at ions in this area in  order to fully under- 
stand the origin of nlany of the lithologic 
features of the formation. 

The  Edrvards foimalion ranges in thick- 
ne=s flo111 a lniilimunl of 1 3  feet to a ma\- 
imum of 124 feet. 

I n  JIcLennan County. the E d ~ j a r d s  
lllliesione ranges in  thickness from 1 3  to 
2 3  feet in the \ a l lm of the Nolth Bosque 
Rlr el east of T allel iliIills (fig. 14 I .  I t  
giadually increases in thickness to the 
s o u t h ~ e s t .  In  Hog C ~ e e k  it is  25 feet thick. 
Along Bluff Creek and the Middle Bosque 
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River near Crawford the thickness ranges 
from 3 6  to 45  feet. I t  reaches a maximum 
thickness of 56 feet in  the northwest corner 
of the county. 

The  greatest thickness in Coryell County 
occurs east of Gatesville near Mountain 
where it is a t  least 13 feet thick (fig. 1 4 ) .  
Thp formation decreases in thickness in all 
directions from this point. I t  has a mini- 
inuiil thickness of 1 6  feet at locality 50-T-I 
north of Gatesville and is 33 feet thick 
south of R-hitson near  the Bell County line 
(fig. 13'1. 

A marked increase in thickness of the 
Edwards formation takes place i n  Bell 
Count!- as a result of a facies change into 
the Comanche P e a k  formation (fig. 14'). 
The  formation is  approximately 3 0  feet 
thick on  the west s ide of the Belton reser- 
voir a t  locality 14-T-16. On the east side of 
the reservoir: near White Hall, 4 3  feet of 
Edn-ards limestoile is exposed. Three  miles 
to the south, a t  Moffat: the Edwards lime- 
stone is  124 feet thick. South of Moffat, 
the Edwards formation becomes thinner, 
hut  there are no complete stratigraphic 
sections to indicate the lnallner of thinning. 
Two miles southeast of Moffat, near  the 
~ o i i l t  u-here Cedar Creek flows into the 
Belton reservoir, 1 0 5  feet of Edwards 
limestone is exposed: the top of the for- 
mation is estimated to be 5 or  1 0  feet 
higher in the section. Eighty-five feet of 
Edwards limestone was recovered in a 
core a l  the southwest end of Belton Dam 
(Colliyan: 1951) ; the top of the formation 
was not present. F o u r  miles south.rvest of 
Belton. at locality 14-T-8. approxin~ately 
25 feet of the lower part of the E d ~ r a r d s  
formation is exposed. The remainder of 
the fortnation and  the contact with the 
01-erl!-ing Duck Creek limestone a r e  Yery 
poorl!- exposed but: on the basis of to- 
pography and vegetation. the contact is 
believed to be 65 to 75 feet above the base 
of the Edl\-ards formation. It  is possible, 
howex-er. that faulting has eliminated part 
of the section and the true thickness of the 
forination may be  greater than indicated. 

Froin the data presented, it is clear that 
the Edwards formatiorl T-aries in  thickness 

to a considerable extent. The variation is a 
result of: (1) a regional facies change of 
the Comanche Peak liinestone into the 
Edv-ards limesto~le. ( 2 )  local facies 
changes of the Comanche Peak limestone 
into the Edwards limestone, ( 3 )  local 
doming of the Edwards formation owing 
to reef growth, a n d  (4) erosion of the 
Ed!+-ards limestone prior to deposition of 
the olerlying Kiamichi shale. 

R E L I T I O N  O F  EDTVARDS F O R h I A T I O S  TO 

C03lANCHE PEAK TORAIATIOS 

T h e  lateral equivalence of the Coman- 
che Peak and the Edwards formations on 
a regional scale has  11een noted by  others 
and needs no further discussion. The  man- 
ner of transition. howel-er. warrants some 
consideration. I n  this area there a re  four 
types of relationships between the two for- 
mations: ( I )  The  two formations are  in 
sharp contact with no apparent gradation. 
I n  an!- one outcrop. even in a long continu- 
ous exposure, this relationship is the t ?pe  
most frequently obser~ecl .  If no other re- 
lationship were present. there M-ould be 
no reason to b e l i e ~ r  that the Comanche 
Peak and Edwards formations a re  lateral 
equivalents. (2 )  Coinanche Peak limestone 
grades into Edwards rudistid limestone as 
indicated hy the occurlence and sradual  
increase in abundance of rudistids in the 
upper few feet of typical Comanche Peak 
limestone. This type of faunal gradation is 
1101 common. ( 3 )  Comanche Peak lime- 
stone :rades into Ed\\  ards limestone by a 
slight increase i n  grain size, a decrease 
in the nodular slructure. and in places h\  a 
better de\ elopment of distinct beds i n  the 
upper few feet of the folmation. This le- 
l a t i o n s l ~ i ~ ~  occurs la ther  frequentl) and 
may be seen at  locality 50-T-12. ( $ 1  Beds 
of "tj  pical" Edwards limestone a re  inter- 
calated J\ ith beds of Co~nanche Peak lime- 
stone (PI. 1 ) .  This  feature occurs lather 
frequently. I t  may be seen at  localities 50- 
T - 7  and 154-T-3 and is the reason for the 
marked increase in  thickness of the Ed- 
wards limestone near 3Ioffat in  Bell Coun- 
ty (Pl.  1 : fig. 14,). At locality 14-T-3. south 
of Iloffat. the E d a a r d s  limestone is 1 2 1  
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feet thick and is marked at the base by 5 to 
6 feet of coarse granular and conglom- 
eratic limestone. Three miles to the north- 
west. at locality 14-T-16, 7 feet of massive 
conglolneratic Cladopl~yllia-bearing lime- 
stone occurs in the Comanche Peak iorma- 
tion. The base of this bed is 117 feet below 
the top of the Edwards limestone. Litho- 
logically and stratigraphically. this bed 
appears to correlate with the base of the 
Edwards limestone south of RIoffat and it 
is therefore considered to be a northwest- 
ward-estending tongue of the Edwards for- 
mation. 

RELATION O F  EDTT.-lRDS F O R I \ I I T I O S  TO 

OVERLYISG FORhIATIOSS 

The top of the Edwards linlestone is a 
gently undulatory surface as a result of 
reef growth. I t  is unconformabl>- 01-erlain 
by  the Kiamichi shale in McLennan and 
northeastern Coryell counties. In Bell and 
southeastern Coryell counties it is uncon- 
formably overlain by the Duck Creek 
limestone (Washita). It is be>-ond the 
scope of this paper to dwell at great length 
upon the stratigral~hic relations of the Kia- 
michi shale to contiguous formations. 
However, the iollo~ving features, which 
have been observed during this study, are 
worth noting because they have a bearing 
upon any inierl~retation of the posiiion of 
the Kiamichi shale in the Cretaceous sec- 
tion : t 1) The Kian~iclii shale decreases in 
thickness to the south and pinches out in 
southeastern Coryell County (figs. 14,. 15) .  
Within this area it has a maximum thick- 
ness of 19 feet. ( 2 )  The Kia~nichi shale 
onlaps the Edwards formation to the south 
as demonstrated by the pinchout of suc- 
cessively higher lithologic units in the 
shale. 13) The Kiamichi shale thins locally 
over some Edwards reefs and may be to- 
tally absent over others. In places. not only 
the Kiamichi shale but also the lower beds 
of the Dttck Creek limestone are com- 
pressed around topographic highs on the 
Edwards limestone surface. This may be 
due to primary deposition, later compac- 
tion, or both. (4) Two exposures of the 
contact between the ~ i a m i c h i  shale and 

the inter-reef beds of the Edwards forma- 
tion (loc. 50-T-4< and a roadcut on State 
Highway 22, approximately 3.7 miles west 
of Whitney Dam. Bosque County) indicate 
that the top 1 to 2 feet of the Edwards 
li~nestone is argillaceous and contains thin 
laminations of-dark gray shale similar to 
the lo\\-er part of the Kiamichi shale. These 
two localities are the exception rather than 
the rule. Normally. the contact  bet^\-een the , , 

Edwards limestorle and Kiamichi shale is 
.rrer)- sharp and the top of the Edwards for- 
mation is no more argillaceous than the 
rest of the formation. (5) Approxilnately 
3 nlilcs east of Valley Mills in a tributary 
of the North Bosque River, the Kiamichi 
shale overlies an Edwards reef and con- 
tains many abraded and rounded pebbles 
of Edaards limestone: thereby indicating 
that the reef was eroded after lithification 
of the limestone. (6) The upper surface 
of the Edwards formation is covered with 
numerous small pits at many places and 
the to11 few inches of li~nestone are oxi- 
dized to shades of yellow; brown. and 
purple. Oxidized nodules of pl-rite are 
common and bore holes frequently pene- 
trate the upper surface of the Edwards 
limestone. The bore holes, as much as 4 
inches long and one-fourth of an inch in 
cliameter. are filled with Kiamichi shale. 

The magnitude of the unconformity be- 
tween the two formations is not definitely 
k n o ~ ~ n .  It has been traced as far north as 
Whitney Dam where it is still present. Re- 
gional stratigraphic studies ha le  shown 
that the unconformity probably extends 
for a considerable distance to the south 
( Fcrap and Nelson. 1956). Similar studies 
indicate that it does riot extend far into the 
TT-ler basin. 

Erosion of the Edvards formation was 
either not very great or it \\-as uniform 
over a large area because there is no evi- 
dence of channels at the top of the forma- 
tion. Thinning of the formation south of 
locality 14-T-3 in Bell County may be due 
either to truncation of the Edwards lime- , 
stone or to a facies change of the limestone 
into the Comanche Peak formation. Such a 
change would be counter to the normal 
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FIG. 14. Map of area showing location of localities and  regional stratigraphic cross sections, thick- 
ness of Eduards formation, and approximate geographic position of pinchout of Kiamichi shale. 
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regional transition but it cannot be dis- termine the reason for thinning of the 
counted. Further inlesligations. both sur- Ednards  formation in Bell County. 
face and subsurface, are necessarl to de- 
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Kiamici~i  shale (BB' ) .  and approximate southern limit of I~iohermal reefs iri tile Edwards formation 
(CC') . 



LITHOLOGY OF T H E  EDWARDS FORMATION 

T h e  Ed~vards formation in central Texas 
is composed of six ~ ~ r i n c i p a l  types of car- 
bonate rocks: ( 1 )  massive rudistid reef 
limestone: (2 )  shell debris consisting of 
various proportions of ~vhole ruclistids. 
coarse shell fragments. and comminuted 
shells i n  a fine-grained matrix; ( 3 )  me- 
dium- to fine-grained linlestone (calcare- 
nite a n d  calcilutite) : 1.3) chalk and  marl: 
( 5 )  dolomite; and ( 6 )  many types of sec- 
ondary limestones. All combinations of 
these t )pcs occur. I11 addition. chert and 
silicified carbonate rockc are common in 
some places. 

T h e  discussion which follows deals with 
local outcrops that form examples of one 
or more  lithologic features of the Ed\\-ards - 
formation. Collective1~-. they r e p r e s ~ n t  
most of the lithologic characteristics 1vhich 
have been seen in the  area. In  this dis. 
cussion. one important fact should be  kept 
in mind:  the Edwards limestone i n  this 
area was  subjected to alteration pr ior  to 
deposition of the Duck Creek formation. 
The limestone has  been further altered 
since that  time. I n  places. it has  been al- 
tered so completely that none of the origi- 
nal lithologic features remain. F o r  this 
reason. caution must be exercised when 
the original conditions of deposition are 
interpreted from lithologic features I\ hie11 
exist today. 

stone can be obtained on a traverse that 
begins west of Windsor at locality 15-l-T- 
14a  and extends up the Middle Bosque 
River and Bluff Creek to Osage in Corvell 
Count1 uhere  it terminates at localit\ 50- 
T-4 (Pls .  1, 2 ;  fig. 1.3). Along this tra- 
verse. the rudistid facies. vhich constitutes 
the entire Edwards limestone at  the begin- 
ning of the traverse. g~adua l ly  decreases 
in  thicknecs until it either disappears o r  
occupies only a small pal t of the section at  
locality 151-T-6. Upstlearn. it again builds 
up  until it occupies the entire formation a t  
localities 154-T-S and 151-T-9. 

Complete sections of the Edwalds lime- 
stone are  exposed on17 along the center 
of the k a ~ e r s e  from locality 154-T-2 to lo- 
ca1it.i 151-T-12. Along this part of the 
traverse. the formation iangcs from 36 to 
4 5  feet in thickness. I n  all exposuies. the 
contact ni th  the underl\ing Comanche 
Paa1.r limestone is sharp. but variations ilr 
thickt1e.s of the E d ~ \ a ~ d s  limestone quz- 
gcst that the two formations may g l d e  
into each other. 

Relarzon of Edwards formation to Kicr- 
nzicl~i jorn1ation.-The contact it i th the 
oped\  i11g Iciamichi shale is sharp 2nd , 4 1 1  

e ~ i d e n c e  clearly indicates that it is an u n -  
confollnable contact-not a facies change. 
I11 all outcrops wheie the contact can be  
seen. the upper few inches of the E d ~ t a l d s  

AICLENN.AS COL-NTY limestone are oxidized to shades of red: 
bro~c-11. and yelloiv, and the top of the 

T h e  Edwards limestone in McLennan 
formatioll i5 case-hardened. 

County crops out in  steep bluffs along the At locality 154-T-li,a and at the ford 
major streams (PI. 2 ) .  Only in the north- across Tank Creek east of Crawford, the 
'rest Pait of the coL1nt!- does it a upper rLirface of the Edxrards formatian is 
broad outcrop. The top  of the formation is coverec~ ,\.ith numerous pits ( P I ,  5 .  
marked bj- a narrow treeless band ~ \ -h ich  I))* The Pits are a verg. fea- 
corresponds to  the distribution of the Kia- ture of this contact In places ther 
michi shale. The base is marked by con- are so that give the lime- 
tact with either the Comanche Peak  lime- stone a honeycombed The pi,s 
stone o r  with alluvial deposits. a re  as much as half an inch deep and ranere 

L 

TRAI-CRSC ~ L O S G  MIDDLE BOSQUE RIT CR. f rom lest than one-sixteenth to  one-fourth 
TOSR CREEK, AUD BLCFF CREEK of a n  inch in diameter. Their equal abun- 

Relation of Edwards Formation to dance on both the rock matrix and fossils 
Contiguous Formations suggests that they were formed after lithi- 

A good concept of the lithologic and fication. Their presence beneath the Kia- 
structural features of the Edwards lime- michi shale indicates that they a r e  not re- 
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lated to development of the present-day- 
s t ream channel. 

Bore holes filled v i th  Kiamichi shale 
a r e  common a t  localities 154-T-2 and 50- 
T-4. Most a r e  less than one-fourth of an 
inch in diameter and are only a fel$ inches 
long. 4t locality 50-T-4. the bore-hole zone 
is oxellain by the  Gryphaea navia bed at 
the  base of the Iciamichi shale. This bed 
consist. of whole fossils and comminuted 
shells. Many of the fossils a r e  finely pitted 
a n d  most of the flagmenis a r e  abraded. 
h lany  fragments also have a chalk\ sur- 
face. The shell debris resembles the shell 
1)anLs and beach deposits which occur in  
the  Gulf of Mexico today. 

T h e  top of the  Edwards limestone in 
places is undulatory. though regionally it 
is \ e l \  flat. At  locality 154<-T-1l.a the reef 
core is directly ovellain by 2.5 feet of IGa- 
michi  shale and  nodular limestone. Both 
the  Kiamichi shale and the overl? ing Duck 
Creek l~mestone. .c\hich are exposed in the 
bluff. show the effect of slight relief on 
the  Edwards limestone surface. The  great- 
est amount of relief on this surface. how- 
e l  er. occurs a t  localit) 154-T-8. Here. sev- 
eral  biohermal reefs are exposed in the 
creek bed. Seven feet of Iciamichi shale is 
exposed upstream from the bioherms. To- 
ward  the reefs. the formation becomes 
thinner. The contact of the shale ~ i t h  the 
crest of the reefs is  not exposed: therefore 
the  exact relationship between the two for- 
mations cannot b e  determined. 131 projec- 
tion. however, i t  is e\ident that the shale 
ei ther  pinches out around the reefs or is 
only a few inches thick on the crests. It  is 
qui te  possible that  the lower beds of the 
Duck Creek limestone pinch out or drape 
over the reefs as  they do in Neils Creek 
sou th~+es t  of Hurst  Springs in  Coryell 
Count) .  

Rudist id Facies 

Locality 154-T-14a is one of the best 
localities where a n  impression of a reef sur- 
face during Fredericksburg time can be 
obtained. At the extreme southeast end of 
the outcrop, the rudistids built a reef which 
has a Xery undulatory upper surface. The  
reef core is exposed in the riberbed at the 
base of the bluff that exposes Georgetown 
limestone. At the bend i n  the r i ~ e l .  reef 
flank beds crop out and dip 10' in an up- 
stream direction. A ~ o u n d  the bend to the 
north. the river has cut down sacral feet 
into the core. Here. reef flank beds. which 
range from 6 inches to a few feet in thick- 
ness. dip a s  much as 30' to~kard  every 
point of the compass (Pl.  5, A ) .  Several 
hundred feet farthel upstream. the reef 
core is again exposed i P1.5, C )  . The over- 
lying beds dip re ry  gently both up and 
doxnstream and  their eroded edges form 
small cuestas across the stream. 

Near the north end of the outcrop (loc. 
154-T-14), the  river has cut d o ~ r  n approxi- 
mately 22 feet into the limestone to expose 
1 2  feet of the reef and 1 0  feet of inter-reef 
deposits (PI. 5, B ) .  &ear the south end oI 
the ~ e r t i c a l  bluff on the west side of the 
river. the rudistid facies is essentially bio- 
stromal and consists of two ver) massive 
beds of rudistids separated b> a thin bed 
of coarse rudistid debris. T o  the north, the 
thin bed pinches out and is  then repre- 
sented by a n  obscure bedding plane. In- 
cipient bedding planes in  the rudistid beds 
indicate that they represent the flank rather 
than the true core of the reef. T.iro basin- 
like depressions interrupt a n  other!$ ise flat 
upper surface of the reef. 

Another rudistid reef is present a t  lo- 
cality 154-T-8. Because the lower part of 
the Edwards formation is not exposed be- 
h e e n  localities 15-1-T-14 and  154-T-8, it  
is impossible to determine whether this reef 
i s  a separate one or another vertical mani- 

~ ~ ~ ~ ~ i ~ ~ ~ ~ i ~ i ~  and structural Teliltions.- festation of the same reef that is exposed 

T h e  rudistid facies consists of the reef core a t  locality 154-T-14. At locality 154-T-8 

and the reef flank deposits. ~h~ core is ex- the rudistids built several biohermal reefs. 

posed at locality 1 5 4 . T . l ~ J ~  The flank The  reefs have smoothly convex outlines. 
deposits are exposed at  other localities and  flank beds consisting of whole rudistids 
along the traverse with the excention of and  rudistid debris dip as  much as 25'. 
locacties 154%-T-6 and 50-T-4. Downstream, toward the Middle Bosque 
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River, the rudistid facies is very massive- 
ly bedded and forms a biostromal reef. 

In the bluff along the Middle Bosque 
River north of Crawford, the rudistid 
facies is a massive biostromal reef 8 to 9 
feet thick (PI. 4: B)  . At localities 154-T-11 
and 154-T-12, the rudistid facies is 20 and 
27 feet thick, respectively. It consists of 
two massive beds a t  locality 1.54'-T-11 iP1. 
4, H i a11d a single massive bed at locality 
154<-T-12 i P1. 4.. D i . -At both localities in- 
cipient bedding is present and indicates 
that the rudistid facies is the flank of a reef. 

A rudistid biohermal reef is partially ex- 
posed near the top of the hill at locality 
154-T-9. 

Lit/zology of the reef core.-The reef 
core is composed of an interlocking mass 
of rudistids, caprinids. and associated or- 
ganisms embedded in a matrix of very 
light gray to cream-colored microgranular 
calcium carbonate (Pl .  13, B)  . 

Fossils are preserved as "original" shell 
material arid clear crystalline calcite casts. 

The matrix is composed of microgranu- 
lar calciun~ carbonate. Generally, individ- , . 
ual grains cannot be discerned, even under - 
high magnification. Ho~vever, some indi- 
vidual r a i n s  can be recognized arid are - 
sho~cn to be very irregular-shaped clusters: 
of still finer grains of calcium carbonate. " 
All grains are cemented by clear calcite. 
Tiny angular shell fragments composed of 
clear crystalline calcite are also present in 
the matrix. 

Very fine irregular hairlike tension 
cracks are present in the matrix. Normally. 
the cracks are filled wit11 clear calcite. but 
dolomite was found in one of them. They 
are similar to cracks which are produced 
when a piece of wet clay is pulled apart ;  by 
analogy, the cracks in the matrix are be- 
lieved to have formed prior to complete 
lithification of the sediment. 

Coarse crystalline calcite is abundant in 
the reef. It occurs most conspicuouslp as 
fillings in the body cavities of the fossils, 
between the tabulae of the outer shell wall, 
and in vugs, It may fill the cavities com- 
pletely or merely line the walls. Casts of 
shells, vein fillings, and inter-granular fill- 
ing have been noted already. 

Dolomite is present. though not abun- 
dant. in the rudistid facies along the Mid- 
dle Bosque River and Bluff Creek. It oc- 
curs as tan irregular-shaped patches in the 
reef rock at localities 154-T-2 and 15-1-T-11 
(PI. 12. A, B, D ) .  All patches are made 
up of rhombohed~al crlstals which ~ a n g e  
Erorli 0.01 to 0.10 mm in diameter. The 
patches of dolomite glade imperceptibly 
into the surrounding matrix. Dolomite is 

b 

also concentrated along a stylolite at local- 
ity 154<-T-l1 (Pl. 15% E ) .  Dolomite has 
been found in one tension crack. The 
rho~nbohedrons are embedded in the coarse 
crystalline calcite cement that fills the 
crack. The relationship clearly indicates 
that the dolomite and calcite formed perie- 
contemporaneous1~-. 

Doloniite also occurs in the top of the 
Edwards limeslonc at locality 15-1-T-14a. 
I t  fills some of the body cavities of the 
fossils. has replaced the inner shell T+ all of 
some rudistids, and partially fills the inter- 
stices in some flank beds (Pl. 13. -4. B ) .  
The dolomite crystals. unlike most dolo- 
mite cr!-stals in the Ed~rards  formation. are 
iron-stained around the edges and vary 
greatly in size. The crystals have t~vo  dis- 
tinct sizes. Large euhedral crystals 0.5 mm 
in diameter are embedded in a fine mosaic 
of dolomite composed of crystals approxi- 
mately 0.003 mm in diameter. Frequently, 
the centers of the large rhombohedrons are 
absent and an external mold of iron oxide 
is the only vestige of the original crystals. 
Many of the iron oxide molds are partially 
or completely filled with an anisotropic 
mineral believed to be calcite or a second 
generation dolomite (PI. 15, F). 

Stylolites are fairly common in some ex- 
posur es of reef rock and are particularly 
abundant at locality 1%-T-14.a. The)- occur 
mainly along the contact of shell fra, qments 
and matrix or between two shell fragments. 
The amplitude of the st>-lolites seldom ex- 
ceeds 1 mm. 

Lithology of the reej flank.-In general, 
the reef flank sediments are a poorly sorted 
accumulation of  hole shells, large shell 
fragments. and finely comminuted shells 
all of which are preserved as "original" 
shell material a n d  crystalline calcit; casts. 
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of shells (Pl.  12. C. D ) .  Most shell frag- 
ments are extremely angular. T h e  matrix 
is similar to that in the reef core. 

Beds of debris nhich sholv the effect of 
current action d o  occur. In  these beds. 
elongated shells and shell fragments are  
oriented parallel to the bedding and the 
matrix is chiefly crystalline calcite (PI. 
13. A ) .  

I-'uleontology.-Eoradiolites and Capri- 
nuloidea are- b y  far  the most abundant 
forms identified in  the reef core and flank 
deposits. They appear to make up most of 
t h e  rock at exposures of the rudistid facies. 
Chondrodorzta is fairly common. .lforlo- 
pleura and Tozicasiu have also been identi- 
fied but are not abundant. The  coral Clado- 
phpllia is present but rare. T h e  loramini- 
f e r  Dietyocorsz~s ~calnrrtensis is 1 er! abun- 
d a n t  in the reef flank deposits but is either 
absent or extremely rare in the ~ e e f  core. 
I n  the biostrome a t  localitv 154-T-2. it is so 
abundant that the  matrix in  many places 
appears to be a coarqe sand. 

In  considering the relative abundance of 
the rrcf organisms. it  should b e  kept in  
mind  that a comr)lete section of a reef is 
not exposed along this traverse. Only the 
upper  part of the reef core is exposed at  
1ocalit.i- 154$-T-l4a ancl only the flank beds 
a r e  I\ ell exposed a t  the other localities. It  is 
very l~ossible that  other forms of rudistids . 
a r e  just as abundant  as Eoradiolites ancl 
Ccrprin~rloidea but  they cannot be seen. 

Inter-reef Facies 

Strcrtigraphic and structz~ral re/atior~s.- 
T h e  inter-reef deposits which a r e  exposed 
along the Middle Bosque River and Bluff 
Creek were deposited in a basin that ex- 
tended from locality 154-T-14 to a point 
west of locality 154-T-12. The  d e c p e ~ t  part 
of this basin was in  the vicinity of lotalitj- 
154.-T-6 where approximately 40 to 45  
feet of inter-reef sediments is now exposed. 

The inter-reef deposits a r e  characteristi- 
cally very well bedded (Pl. 4: B ) .  Beds 
range in thickness from 6 inches to 3 feet 
and  have a n  a\-erage thickness of approxi- 
mately 1 foot. All beds a re  essentiall!- hori- 
zontal. When viewed from a distance. as  at  
locality 154-T-14. it is apparent. that the 
beds are  comparable to the foreset beds of 
a delta; each bed. traced laterally, drops 
from a position a t  the top of the Edwards 
formation to a position lower in  the inter- 
reef section. 

Cross-lamination ~vithin individual beds 
is a common feature. Where i t  is developed, 
most elongated grains a re  oriented para- 
allel to the laminations. Grain size varies 
sonlexvhat. f rom bed to bed: but most of the 
grains are  well sorted within individual 
beds. Small patches of coarse grains a re  
present in some of the fine-grained lime- 
stone. Despite the variation in  grain size, 
the inter-reef' deposits can be  subdivided 
into three lithologic units: ( 1 )  fine-grained 
limestone (calcilutite) a t  the base. (2) 
fine- to medium-grained limestone (cal- 
carenite) in  the middle, and  13) fine to 
coarse shell debris at the top of the forma- 
tion. Contacts between the units are grad- 
ual. Comparison of the lithologic sequence 
a t  each locality indicates that the units a re  
most clearly defined at  localities 154-T-6 
and 154-T-2, a re  poorly defined at  locali- 
ties 154-T-14 and  154,-T-12, and that unit 
3 is the most widespread. T h e  approximate 
thickness of each unit is shown in table 1. 

Lithology oj  the inter-reef deposits.- 
The lowest unit is liaht gray to tan fine- 
grained limestone iP1. 13, D ) .  In a fresh 
outcrop2 the granular texture is almost in- 
discernible, but in a weathered outcrop, on 
a polished rock specimen, o r  in  a thin sec- 
tion thc texture is readily apparent (PI. 
1-1. C )  . The limestone is composed of well- 
sorted moderately rounded LLoriginal" shell 
fragments, opaque grains, and recrystal- 

T.\I:I.I: 1. T11icF;riess of lithologic units in the  inter-reef fc~cies along tile .lliddle Bosq1ie 1iii.er. 
Tonk  Creek .  (2nd Bl l~ f f  Creek .  i1lcLennan Cotlntj.. 



li7ed g ~ a i n s  embedded in a cement of fine 
crystalline calcite (see section on  " T e ~ m i -  
nolo?!" lor definitions of these terms). 
Opaque grains predominate. T h e  alerage 
grain s i ~ e  is approximately 0.06 mm : thus. 
the lirnestone is texturally equilalent to a 
coarse siltstone. T h e  borders of the opaque 
m a i n s  are generally ery fuzzy and  often it 
'2 

is  difficult to differentiate between grains 
a n d  cement (Pl.  15. D l .  

Lnit 1 grades into unit 2 b y  ( 1 )  an in- 
crease of grain size. 12) a greater degree 
of rounding of grains. ( 3 )  a somewhat 
lesser degree of sorting. (4) more  sharply 
defined grain boundaries, (5) a decrease 
in abundance of opaque grains. and ( 6 )  
a n  increase in  abundance of "original" 
shell fragments and  recrystallized shell 
fragments. Unit 2 is largely white to cream- 
colored granular limestone (calcarenite) . 
Grain  sorting varies somewhat from bed 
to bed. but most beds. as seen i n  the out- 
crop. \vould be  considered well sorted. 
Micl oscopically. ho\\ el er. the limestones 
a r e  o l ~ \ ~ o u s l y  not as veil sorted as in the 
unit helo\v (PI. 11. D). The average g ~ a i n  
size i n  I arious beds lallges from 0.1 to 0.7 - 
mm. Nost grains a r e  fairly well rounded. 
Tlie three types of particles which make up 
unit 1 also make up unit 2, but "original" 
shell material and recrystallized grains pre- 
dominate in unit 2. As in unit 1 ,  the cement 
is  crystalline calcite : however, the calcite is 
not  as  dusty a s  i n  unit 1 and  is more 
coarsel!- crystalline. 

Lithologically, unit 3 varies to a greater 
exlent than the units below. Most of the 
zlnit is a poorly sorted fine shell debris 
(PI. 13.C): but a t  locality 154-T-2 \\hole 
fossils showine very liltle evidence of abra- 

u .  

sion a re  fairly abundant  in a coarse granu- 
lar  matrix. Opaque grains, "original" shell 
f r a g r n e ~ ~ i s ,  and recrystallized grains con- 
stitute the shell debris. Thouah it  is more " 
coarse-grained, the shell debris microscopi- 
call?- resembles the coarse granular lime- 
stone shown on Plate 14, E: F. Recr>-stal- 
lized grains a re  the most abundant  com- 
ponents. especiall!- a t  locality 154-T-G. All 
particles are very well rounded. 

1 Iany  shell fragments a re  onl!- partially 
recrystallized (PI. '15: R ) .  The  original 

shell structure of these fragments is still 
present. but it is ramified by  a mosaic of 
crvstalline calcite. This relationship indi- 
cates that recrystallization took place in  
the solid state. Recr?stallization ma>- be 
uniform throughout a fragment or it may 
be  spotty. In  places it has almost obliter- 
ated-the original fragment. 

The "dust" rims around the recrystal- 
lized shell fragments have partially dis- 
appeared in some places. Where this has 
happened, the cement and crystalline cal- 
cite cores of the grains a r e  indistinguish- 
able. 

The  cement is clear calcite. hIost inter- 
stices are filled with a mosiac of coarse 
anhedral calcite. but some a re  filled with 
(1'1 a layer of relatively small crystals of 
calcite that coats the particles and  ( 2 )  a 
mosaic of coarse crystalline calciie that 
fills the remainder of the voids. 

Keathering of the top of the Ed~vards 
limestone is pronounced a t  locality 154- 
T-6 I PI. 13, C) . Here. solution b?- ground 
water has produced a vuggy type of po- 
rosity. The vugs a r e  as large a s  half an inch 
in diameter and tend to be  elongated in a 
vertical direction. IIan!- vugs a r e  partially 
filled ith b r o ~ n  calcium carbonate de- 
posited under subaerial conditions. This 
calcite has a n  earthy appearance similar to 
caliche. It may be  massive or  fibrous: if the 
latter.  he fibers a r e  oriented i n  a \eltical 
direction. In  many ugs the filling is micro- 
conglor.~eratic as  a lesult of fragments of 
"roof rock" having fallen to the bottom of 

L 

the I ug where they are  now incorporated 
in the new vug filling. Vugs are  also filled 
with brortn crystalline calcite deposited as  
microstalactites hanging from the loof of 
the vuz .  

L 

Tlie inter-reef sedin~ents a t  the west end 
of the traverse a r e  part of a cherty inter- 
reef facies which is discussed in more de- 
tail in this paper I locs. 50-T-7. 50-T-8 i . At 
locality 50-T-4.. north of Osage, these sedi- 
ments consist of G feet of gray hard tlrin- 
bedded very fine-grained limestone I cal- 
cilutite'l and chert. 

Some of the limestone beds are  very 
thinly laminated. -4 few chert nodules have 
been found in the licinity of locality 154- 
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T-9 and one nodule has been seen in the 
Tonk stone quarry a t  Crawford. Other than 
these rare occurrences no chert has been 
found in McLennan County. The dark gray 
microcr)-stalline chert occurs as flattened 
nodules concentrated in one bed. In plan 
view. the nodules ha\ e a smoothly irregu- 
lar  outline (PI. 6. A ) .  They range from 2 
to G inches in thickness and are as much 
as  2 feet in diameter. Most of the nodules 
are only loosely held in place by the sur- 
rounding limestone and often they map be 
plucked out with ease. The presenl-day 
stream has done this in many places to 
produce a pock-marked surface. 

MIDDLE BOSQUE RI i -ER FROM BLUFF CREEK 

TO T H E  BOSQUE COUNTY L I K E  

in grain size in the upper few feet of that 
formation. Only 25 feet of the Edwards 
limestone is exposed but the fornlation is 
estimated to be approximately 35 feet 
thick. 

The entire Edv ards limestone is exposed 
at locality 15$-T-3 where an intertonguing 
relationship between the Edwards and Co- 
manche Peak formations may be seen (Pl. 
1 ) .  The base of the Edwards formation is 
marked by a rudistid biostrome 4 feet 
thick. It consists of whole and broken 
rudistids. Six feet of nodular fine-grained 
limestone similar to the Comanche Peak 
limestone overlies the rudistid limestone. 
Above this is S feet of marly nodular lime- 
stones interbedded with fine-grained lime- 
stones. 

)lost of the Eduards formation along The remaining 35 feet of Edwards lime- 

the Middle Bosque Riler north~cest of its stone is composed of cream-colored aell- 

junction with Bluff Creek is made up of the bedded granular limestones and coarse 

inter-reef facies (PI. 2 I .  Near the mouth of shell debris. Whole rudistids are common 

Bluff Creek, the rudistid facies and the in the coarse shell debris which makes up 

inter-reef facies are present in ar3i~roxi- the upper 13 feet of the formation. 
A 

matell- equal proportions. The section at 
locality 154'-T-11 is representati~e of this 
area. Here, 20 feet of massive rudiqtid 
facies is overlain by 21  feet of well-bedded 
granular limestone and fine shell debris 
(Pl. 4. H ) .  The inter-reef facies is cross- 
bedded on a very large scale, a feature 
which can be seen in the bluff across the 
creek from locality 151-T-11. 

A short distance northwest of Bluff 
Creek the rudistid facies makes up most of 
the Ed~ \a rds  limestone. Several biohermal 
reefs are present in this area but most of 
the rudistid facies is biostromal. 

The  rudistid facies predominates for a 
distance of 2 miles up the Middle Bosque 
River. Beyond this point, the inter-reef 
facies makes up most of the Edwards lime- 
stone and the rudistid facies is either ab- 
sent o r  forms only a thin biostrome at the 
base of the formation. At locality 154-T-10 
the rudistid facies is absent and the inter- 
reef facies consists of xhite to light buff 
well-bedded fine- to medium-grained lime- 
stone (calcarenite) . The contact with the 
Comanche Peak limestone is somewhat 
gradational as shown by a slight increase 

H O G  CREEIC 

The Edwards limestone is exposed in 
two places in Hog Creek: (1 )  in the bed 
of the creek upstream from State Highway 
317 and (2) in the bluffs near the ford on 
the Valley Mills-Carl-ell road where the 
formation is 25 feet thick. 

The top of a rudistid reef is exposed near 
State Highway 317. It is gently undulatory 
and dips in all directions. I t  is pitted in the 
same manner as the top of the reef at lo- 
cality 154-T-14a. Caprinuloidea appears to 
be  the dominant organism in the reef core. 

Four feet of Iciamichi shale and nodular 
limestone overlies the Edwards 1ime:t - one. 
There is no gradation between the two for- 
mations. Bedding within the Iciamichi 
shale is parallel to the undulatory surface 
of the reef. 

Three biohermal reefs are exposed in the 
bluffs on the west side of the creek below 
the ford on the Valley Mills-Corl-ell road. 
The reef cores are massive and shol+- no 
evidence of bedding. Because of their inac- 
cessibility, they could not be examined 
closely. 
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Flank beds d ip  away from the  reef cores 
with inclinations of 15' to 20'. The  beds 
a r e  se.iera1 feet thick and, from across the 
stream. appear to  be lithologicallp similar 
to the reef cores. 

P a r t  of another biohermal reef is ex- 
posed on the east bank of the creek north 
of the  ford (Pl. 4. C ) .  The reef core. like 
those south of the ford. is very massive. 
T h e  flank beds which have inclinations of 
15' to 20' are  s t ructu~al ly similar to the 
foreset beds of a delta. They a r e  thickest 
where  they dip ~ i t h  the greatest inclina- 
tion. The upper ends of the beds are rlot 
e x ~ o s c d .  The lower ends pinch out away 
from the reef. They appear to be some- 
what more fragmental that the reef core. 

NORTH BOSQUE RIVER 

T h e  Edwards formation i n  the Korth 
Bosque River valley is composed predomi- 
nant ly of the rudistid facies (Pl.  2 ) .  At 
localities 154,-T-4 and 154-T-7 the entire 
Edwards formation consists of biostromal 
reefs 13 and 23 feet thick. respectively. The 
contact Jr ith the Comanche Peak limestone 
is  sharp  in both outcrops. 

Biohermal reefs a re  exposed a t  a num- 
ber  of places in this area and some of them 
a r e  noted on the m a p  of McLennan County 
(PI. 2 ) .  -4t locality 154-T-13, 7.5 feet of 
reef core is overlain by 10.5 feet of reef 
flank deposits. T h e  upper part of the reef 
core that is equivalent to these deposits is 
not exposed. T h e  flank beds d ip  approxi- 
mately 15'. 

A biohermal reef 1 8  feet thick is  exposed 
a t  locality 154,-T-17. RIost of the reef core 
is  exposed. The massive reef flank beds 
d ip  IS0. 

T h e  Santa Fe Railroad cut southeast of 
Valley 1Iills exposes reef and inter-reef de- 
posits in two outcrops (Pls. 3; 4. A ) .  The 
E d ~ v z r d s  limestone overlies a thick section 
of Comanche Peak limestone and  i s  in  turn 
overlain by the Kiamichi shale. T h e  Duck 
Creek limestone caps the hill. 

Relation of Edwards Formation to 
Contiguous Formations, Outcrop !Yo. 1 

Relation of Edwards fornzation to GO- 
nzanche Peak fornzation.-Twentv-six feet 
of Comanche Peak limestone is exposed. 
T h e  basal 5 feet forms a single massive bed 
of gray fine-grained limestone i calcilu- 
t i t e ) .  Texturally. i t  is similar to the over- 
lying beds; however. it lacks the nodular 
structure which is so characteristic of the 
upper part of the Comanche Peak lime- 
stone. Because it  has features which are  
characteristic of both the Comanche Peak 
( testure)  and Eduards  (structure) forma- 
tions. this bed is belie1 ed to be  an attenu- 
ated tongue of E d u  ards limestone that ex- 
tends eastward from a much thicker sec- 
tion near locality 154-T-3 (Pl .  1 ) .  

The remainder of the Comanche Peak 
formation consists of two massive beds of 
gray compressed nodular limestone. A 
shalp limestone zone separates the two 
beds. The highest bed is more argillaceous 
than the b e d  below : the uppermost 2 feet 
is  thinly laminated. A few rudistids are 
present near the top of the bed. 

Relation of Edwards f o r m a ~ i o n  to Iiia- 
michi /ormation.-The contact ~ c i t h  the 
Iciamichi shale is  unconformable. E.i idence 
for  an unconformitv is derived from the 
lithologic character of the beds adjacent to 
the contact. T h e  top of the Edwards lime- 
stone is case-hardened and oxidized to a 
depth of 4 to 6 inches. Bore holes one- 
eighth of a n  inch in diameter and 1 to 2 - 
inches long a re  abundant in  the top of the 
formation. The  upper surface is covered - - 

with many small pits. 
As a result of reef growth, the Ed~vards - 

limestone is approximately 2 to 3 feet 
thicker above the reefs than above the 
inter-reef area. The  resulting relief de- 
creases upward through the Kiamichi shale 
until it becomes imperceptible a t  the base 
of the Duck Creek limestone. -411 beds 
within the Iciamichi shale extend over the 
top of the easternmost reef. Thinning of 
the shale over the top of the reef is due 
therefore to compaction or  slower deposi- 
tion rather than non-deposition or  erosion 
of individual beds. 
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E,fect of prese~zt-(lay weathering.- 
Chalkification resulting from present-day 
weathering is especially pronounced in this 
outcrop. -411 beds have been affected. some 
m o r e  than others. Unit 4 is  so chalky 
tolj-ard each end of the outcrop that the 
original texture has  been almost obliter- 
ated. Redding within the unit is still ap- 
parent.  however. I n  unit 5 and the more 
argillaceous parts of the Kiamichi shale, 
rock structure. texture. and composition 
have all been destroyed. At these horizons. 
white pulverulent chalk extends inljard 
f r o m  the present-day surface for  distances 
a s  great as 120 feet. R'hite consolidated 
chalk extends still farther toward the center 
of the outcrop. I n  the transition zone be- 
twerrl the pulverulent chalk and the oripi- 
nal  sediment, iron-staining and clay seams 
a r e  quite promincnt and irregular-shaped 
concretions of seconclary limestone are 
abundant .  

Rudistid Facies 
Stratigraphic a n d  strz~ctural relations. 

outcrop no. 1 .-The base of the E d ~ j  a1 ds 
limestone is the base of the rudistid facies 
(discounting the feu rudistids in  the top of 
t h e  Comanche Peak limestone). It  is a con- 
formable and horizontal contact acrocs the 
entire exposure. T h e  rudistid facies foims 
two biohermal reefs connected b y  a bio- 
stronle i Pi. 3) .  T h e  core of each reef is a 
structureless mass of interlocking rudictids 
brokcn only by one grouth surface in the 
center of the reef a t  the west end of the 
railroad cut. The  remainder of each bio- 
hermy1 reef and the biostrome a r e  com- 
posed of whole a n d  fragmented rudistids 
that  accun~ulated essentially i n  situ. The 
westernmost reef is  11 feet thick and the 
easternmost reef is 9 feet thick. Each has 
a smooth1~- convex upper surface. The  max- 
imum dip on this surface is approximately 
15'. T h e  crest of each reef is a disconform. 
able surface that has  a maximum relief of 
6 inches. The crest of each reef is also case- 
hardened and oxidized to various shades 
of b rov  n and pink. Man?- bore holes filled 
with t h e  overlying limestone a re  present on 
top of the westernmost reef. These features 
indicate that the crests of the reefs were 

subjected to erosion and weathering for a 
brief period of time. The weathering is  
thought to be  subaerial. 

Lithology of the reef core, outcrop no. 1. 
--illasses of rudistids embedded in a mi- 
crogranular matrix make up the reef cores 
(PI. 16. .A) .  T h e  fossils a r e  preserved as  
"original" shells and calcite casts (PI. 18, 
A ) .  In spite of ex tens i~  e chalkification. the 
original structure of many of the shells is 
still apparent (Pl. 18. B )  . Some shells have 
n mosaic texture superimposed upon the 
original shell structure. thereby indicating 
direct recrystallization to coarse crvstalline 
calcite. The time of recrystallization is un- 
known. 

Coarse crystalline calcite, in  addition to  
occuninp  as  casts of shells, fills the body 
chambers and voids in the outer shell walls 
of the fossils, fills small vugs, and is he- 
lieved to he the cementing agent in the 
matrix. Some vugs and body chambers 
completely filled with crystalline calcite are  
lined ~j-ith small crystals of calcite. This 
feature indicates that the voids were filled 
during two stages of calcite precipitation. 

The  matrix. as  seen on polished rock 
specimens or in  the field: is very fine- 
grained. I L  is made up of silt-sized  articles 
of calcium carbonate cemented with calcite. 
T h e  r~articles a r e  in turn made ur, of still 
finer grains of calcium carbonate. 

Xl ic ros t~~~ica l ly .  the matrix has a mot- 
tled te\ture because the fuzzy silt-sized 
particles are only 1 aguely dis t inpishable 
from the dusty crvstalline calcite cement. , . 
T h e  dusty appearance is due to  chalkifica- 
tion. Irre5ular patches of relatively clear 
crystalline calcite ramify much of the ma- 
trix. The\- are believed to have been formed 
b y  reprecipitation of calcium carbonate 
f o l l o ~ ~  ing chalkification. Tiny shell frag- 
ments. most of ~ v h i c h  are  crystalline calcile 
casts. are distributed throughout the ma- 
trix (PI. 18, A)  . 

Lithology of the reej flank, ozttcrop 
no. 1 .-The reef cores grade laterally and 
vertically into essentially in situ deposits of 
whole rudistids and  coarse rudistid debris. 
N o  bedding planes separate the reef cores 
from their flank deposits. 



T h e  principal differences between the 
flank deposits and  the reef cores. as  seen 
i n  thin sections, a r e  the greater abundance 
of medium to coarse shell fragments in  the 
fine-grained matrix of the reef flank and - 
the  more  frequent occurrence of irregular 
patches of coarse crystalline calcite I P1. 
18, C ) .  The former is, of course. a result 
of fragmentation a t  the time of reef growth. 
All fragments a re  exceedingly angular and 
sholr n o  evidence of t rans~or ta t ion .  The 
more  frequent occurrence of irregular 
patches of coarse crystalline calcite is due 
to more  extensive chalkification and re- 
precipitation of calcium carbonate during 
weathering. Indirectly it iz probably due to 
ihe  greater porosity that existed in the 
flank beds. 

A n  interesting feature of the western- 
most reef is the concentration of dolomite 
i n  the bottom of some of the bore hole. on 
top of the reef (PI. 16. C ) .  T h e  dolomite 
consists of an interlocking mass of crystals 
that h a s  a sharp contact with the ~valls of 
the bore  holes. There is no evidence of wall 
rock alteration. T h e  space above the dolo- 
mite i n  the bore holes is filled with clear 
c r y s t a l l i ~ ~ e  calcite. Inter-reef limestone is 
depressed into one bore hole and rests upon 
the  clear calcite cement. This indicates that 
the  reef was lithified before the overlying 
beds were deposited. I t  is evident that the 
dolomite was deposited in the bore holes 
o r  ~ t - a s  an in situ alteration of some nre- 
existing material prior to or penecontem- 
poraneous with deposition of the cr!-stal- 
line calcite cement. Therefore. i t  is con- 
sidered to be a diagenetic deposit. 

A n  irregular grolj th surlace several feet 
long marks the top of the flank deposits on 
the west side of the reef core i n  the [vest- 
ernmost reef. I t  extends downward from 
the crest of the reef and disappears into 
the coarse flank deposits to the west. It is 
overlain by rudistid limestone similar to 
the reef core. This  is believed to be a 
tongue of the reef core that extends out 
f rom the main core behind the outcrol,. 

Lithology of the biostrorne, outcrop 
no. 1.-Laterally, the reef flank deposits 
become a massive rudistid biostrome. It is 

2.5 feet thick between the reefs bu t  is co11- 
siderahl) thicker on the opposite sides of 
the reefs (PI. 3 ) .  The biostrome is the 
time equivalent of the biohermal reefs. 
L i t h ~ l o g i c a l l ~ ,  it  is like the reef flank sedi- 
ments (P1. 16, D ) .  Both whole and  broken 
fossils are  abundant. There is n o  e l  idence 
of rounding or  sol ting of the components 
to suggest that the biostrome was formed 
by tra~lsportation and deposition of the 
constitutents (PI. 18. D ) .  On the other 
hand. I+ hole fossils do not appear abundant 
enorreh to have formed a rigid framelc ork. 
T h e  biostrome is  beliexed to haxe been 
formed b~ the in  situ accumulation of or- 
ganisms that were not sufficiently abundant 
to  build a rigid structule above the sur- 
rounding sediments. 

Lithology of the reeJ flunk, outcrop 
no. 2.-The flank deposlts of anotller I u- 
distid ~ e e f  are  exposed in a second outclop 
around the bend of the railroad to the 
southeast (Pls. 3;  16. P, i .  They a l e  litho- 
logicall\ similar to the flank deposits in 
outcrop no. 1. Some of the rudistids 111 

the T+ est I\ all of the r ailload cut appear to 
b e  oliented in a neal-horizontal a t t i t u d ~ .  
T h e  I+ I ltcr is uncel tain as to whcther this 
is due to sorting action of v7aves and cur- 
rents 01 to organic g1 O M  th. 

Pcr7rorztology.-Caprrnnloidca, Eorciclzo- 
lites. and Chortdrodorzta are  the most 
abundant fossils in  the iudistid facies Tou- 
ca.sia is also present. 

The  cox a1 Cladoph? Ilia is fairly comnlon 
in the basal parts of the biohermal reefs 

Inter-reef Facies. Outcrop No.  1 
Stratigraphic and strrictural relations.- 

The  rudistid facies is 01 erlain and flanked 
by  I\ ell-bedded generall>- fine-grained lime- 
stones. marls. and  p u 1 ~  e ~ u l e n t  chalk I Pls. 
3;  4. A ) .  'The Edwards formation is 17 feet 
thick betu een the reefs and approximately 
20 feet thick at  each reef. Thus, the present- 
day  relief on top of the Edwards Iin~estone 
is  3  feet. Prior to  deposition of the inter- 
reef .ediments, the relief on top of the 
rudiqtid facies was approximately 7.5 feet. 

The  basal part of unit 4% is confined to 
the floor of the inter-reef basin. Higher 
beds in the unit progressively onlap the 
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reefs. and the highest beds in  the unit pass 
over them. At the present time, the relief on 
the  upI]pr surface of unit 4 is 3.5 feet. It  
has  not been determined whether ihe dip 
o n  this surface is  primary, secondary; or 
a combination of both. Higher lithologic 
units pass over the reefs with only a slight 
change in thickness and no apparent 
change in the p i m a r ) -  lithologic features 
of the units. Ho~rever .  as will be  shown in 
the sub~equent  discussion, the reefs may 
vcr>- lye11 have had  some indirect effect 
upon  the present li~hologic features of 
units 5 and 6. 

lT,ithology of the inter-reef deposits.-A 
thin brown calcareous shale (uni t  3') 2 to 
4 inches thick overlies the rudistid facies. 
I t  is thinnest over the reefs and is oxidized 
to a red color near  the \\-esternmost reef. 

[-nit 4 is a g ray  moderately hard  lime- 
stone I\-hich ranges in thickness from 6 
inc.hes above the  veste ern most reef to al- 
most 5 feet between the reefs. Except for 
~ost-lithification alteration, there is no 
lateral variation in  lithology. Vertically, 
the unit is divisible into three parts. The 
lower part is a fine-grained a r~ i l l aceous  
limestone 9 inches thick that has  a honey- 
combed surface because of weathering. 
T h e  middle part is  a thinly laminated very 
fine-grained argillaceous limestone ~vhich 
forms  the most prominent part of the unit 
(PI. 17. A ) .  Elongated particles and small 
pelecj-pods are  oriented parallel \+.it11 the 
bedding;  fine clay seams bend around the 
shells (PI. 18, E) . Some of the particles are 
elongated shell fragments, but  many ap- 
pear  to be fragments of limestone lamina- 
tions J the resulting fragments were re- 
worked prior to  final deposition. Most of 
the  shells are  calcite casts; coarse crystal- 
l ine calcite fills the small pelecypods. The 
upper  part is 1 foot thick and composed of 
light gray very thin-bedded fine-grained 
argillaceous limestone. In many places the 
thin beds are crumpled and broken. At 
one  point, a block of limestone lithologi- 
cally similar to unit 6 is tilted a t  a steep 
angle and emplaced in these beds. The thin 
beds are  bent a n d  broken beneath the 
block. Several joints filled with red limo- 
nitic granular limestone cut across this part 

of the unit and  in places mark its base. 
All parts of this unit become more 

chalk! and less argillaceous near the reefs. 
This  is due to present-day ~ e a t h e r i n g  
rather than to original deposition. 

Unit 5 is a n  argillaceous limestone brec- 
cia (PI. 17, B ) .  All of the fragments con- 
sist of \ ery fine-grained limestone textur- 
ally similar to units 4 and 6. Though a few 
f r a ~ m e n t s  have rounded edges and smooth 
outlines. most of them a r e  angular and 
h a r e  \ e ly  ragged edges. Some fragments 
a r e  lons and rectangular suggesting frag- 
mentation of thin beds of limestone. illany 
of the fragments contain small and very 
irregular calcite-filled cracks like those de- 
scribed in the discussion of the reef core in 
the 3Iiddle Bosque Ril er (p.  35). 

Lnit G is a \ e l l -  light gray chalky 
extremely fine-grained limestone uhich 
grades into the  unit below (Pl .  17. C l .  
Verl- small angular recrystallized shell 

1s rery fragments a r e  abundant. Beddin, ' 

irregular. ~ a r t i c u l a r l v  above the reefs 
where it is so irregular that it produces a 
nodular structure. 

Unit 7 is a very light gray hard thin- 
bedded miliolid limestone (Pl. 17. D ) .  
Miliolids make up  approximatell- 90 per- 
cent of the sedimentary particles iP1. 18. 
F ) .  The remaining 1 0  percent is made up 
of well-rounded recrjstallized shell frag- 
ments. All miliolids have been conlerted 
to chalk. Chalkification has almost obliter- 
ated the structure of many tests. 

Clear crystalline calcite forms the cement: 
i n  the limestone of unit 7 and fills the 
chamhers of the miliolids. Many interstices 
a r e  lined with tiny crystals of calcite which 
were deposited before the major  portion bf 
the calcite cement filled the void. 

Origin of the lin~estone breccia.-Dis- 
cussion of the origin of the lithologic 
f e a t u r e  within the Edwards formation is 
largely reserved for  the latter part of this 
paper. However, because locality 154-T-1 
is  the only known occurrence of this type 
of breccia in the Edwards formation. the 
origin of the breccia is discussed at this 
time. 

In  seeking a solution to brecciation sev- 
eral factors should be kept in  mind:  (1) 



Edwards Symposiunz 

The upper part of unit 4. the fragments in 
unit 5. and the limestone of unit 6 are litho- 
logically similiar. ( 2 )  Some fra,pents in 
the breccia are well rounded but most are 
angulal and have extremely ragged edges. 
(3)  Thin beds in the top of unit 4 are wavy 
o r  crumpled in many places and are broken 
beneath a rounded block of limestone em- 
bedded in them. (4) Bedding in unit 6 is 
very irregular. particularly above the reefs. 
(5) Unit 4 onlaps the reefs, and the upper- 
most beds of the unit oass over them. The 
relief on top of unit 4 is approximately 
3.5 feet at the present time. Unit 5 thins 
slightly over the reefs hut, like units 6 and 
7, e sh ib i~s  no lithologic change 01-er them. 

Considering all these features, the T{ riter 
believes the follolt ing interpretation to be 
the mode of brecciation. The fine texture 
and thinly laminated structure of the lime- 
stones in unit 4 indicate that sedimentation 
occurred in quiet water. Fine-grained sedi- 
ments deposited in this environment prob- 
ably had a high moisture content and 
u n d e r ~ j  ent a loss of \ olume as a result of 
either dessication or compaction. The reefs. 
being rigid masses. acted as huttresses 
around ~vhich compaction took place. Brec- 
ciation occurred in those beds I\-hich oc- 
cupied the position where the greatest 
amount of vertical and ~ossiblv horizontal 
molement took place. This position uas on 
a l e ~ e l  \\ith the c ~ e s t s  of the reefs. Unit 5 
and the beds at the top of unit 4 occupied 
this position. 

Coml~action and brecciation took place 
before lithification. as indicated by the 
ragged edges of many fragments and the 
waxy or crumpled bedding at the top of 
unit 4. The lithologic similarity of unit 6 
to the fragments in unit 5 and the irregular 
character of the bedding in unit 6 indicate 
that brecciation occurred subsequent to or 
during the deposition of unit 6. Unit 7 was 
not affected by brecciation, therefore 
brecciation occurred prior to deposition 
of the unit. 

Rounding of many of the fragments is 
attributed to mol-ement of the fragments 
during brecciation or to circulating waters. 
During brecciation, joints were formed 
both across and along some of the bedding 

planes at the top of unit 4. Later, they Tvere 
filled with limonitic carbonate sand. 

If the interpretation of the mode of brec- 
ciation is correct, this outcrop provides an 
interesting example of the effect that topo- 
graphy or structure may have upon the 
lithologic features of a stratigraphic unit. 
The reefs stood in boldest relief at the be- 
ginning of deposition of unit 4 and should 
therefore have had the greatest effect upon 
the lithologic characteristics of the unit. 
No effect is apparent, however. Unii 4' was 
merely deposited around and over the 
reefs; thus, their influence was strati- 
graphic; not lithologic. Later, when there 
was either no relief or no more than 3 to 4 
feet of relief, the reefs were indirectlj- the 
cause of brecciation. At this time, their in- 
fluence was almost entirely lithologic and 
led to post-depositional alteration of the 
sediments. 

CHILDRESS CREEIC 

Onl! the upper 3 to 4 feet of the Edu ards 
limestone is exposed in Childress Creek. 
Throughout most of the exposure. the Ed- 
wards formation consists o f  a series of bio- 
hermal reefs or, more probably. a single 
large reef which has an undulator!- sur- 
face. The reef flank beds dip toward all 
points oi the compass. Maximum dips 
range from 10" to 15". In many places the 
present-day course of the creek is con- 
trolled by the reefs. 

The reef cores are composed of a tightly 
interlocking mass of rudistids embedded in 
a fine-grained matrix. Caprinuloidea and 
Eoradiolites are the most abundant forms. 
Chondrodonta and ~llor~opleura are pres- 
ent. The reei flank deposits consist of beds 
of rudistids and coarse rudistid debris. 

Just north of the small tributary which 
flows into Childress Creek from the north- 
west, the formation is made up of granular 
well-bedded inter-reef limestone. The thick- 
ness of the inter-reef facies is unknown. 

Relief on the Edwards-Kiamichi contact 
is approximately 1 foot. This is consider- 
ably less than the present-day relief on the 
bioherms and indicates that, before the end 
of the Fredericksburg age, the interbioher- 
ma1 areas were filled to the level of the reef 
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crests. Ilt all points !\here the contact is 
e s ~ o s e d .  the top of the Edwards formation 
is  oxidized and case-hardened to a depth of 
sel  era1 inches. Like many other localities. 
i t  is  c o ~ e r e d  with small pits a n d  contains 
man?- bore holes filled vi th  Kiamichi shale. 
Oxidized pyrite nodules are abundant  on 
this sullace. 

An interesting feature of the Ednards 
limestone in Childress Creek is the occur- 
rence of dolomite i PI. -1.. E. G ) .  The dolo- . . 
mite is composed of an interlocking mass 
of crystals all of  which a re  coated with 
fe r r ic  oxide. Average crystal size is ap- 
proximately 0.15 mm.  This is considerably 
larger  than the crystals of most dolomite 
i n  the Edwards formation. Large patches 
of dolomite are  graj-,  but small patches and 
the I~orders  o l  large patches a r e  brown. 

T h e  dolomite o c c u ~ s  as fillings in clacks 
i n  the  iecf rock. in the body chambeiq of 
fossils. and as rrplacements of shell. i PI. 
19. -4. F ) .  It may  fill all the bod\ cham- 
be13 in a fossil 01 onlv some of them. -4s a 
replacement of shells. it may occu~!- all the 
space formerly occupied by the shell or 
onl\- tlir inner shell I\ all and the dix isions 
b e t ~ i e e ~ i  the bod!- chambers. In  all cases 
t h e  contact between dolomite and wall rock 
is  sharp  and in man!- places it is  lined ui th 
iron oxicle. There is no evidence of pene- 
t rat ion of dolomite cr!-stals into the wall 
rock. 111 many cases the dolomite onl!- par- 
tiallv fills the void it occupies. The re- 
mainder  of the former void is  filled vi th  
a mosaic of clear cr\-stalline calcite cement 
~ v h i c h  in many place5 surrounds individual 
do lomi~e  crystals. The  relation of dolomite 
to crystalline calcite cement and  to the sur- 
round in^ rock indicates that the dolomite 
was emplaced a t  approximately the same 
t ime as cementalion occurred. The  dolo- 
mite  is believed to  ha^ e originated b~ cl ys- 
tallization in a void rather than b~ ~ e c l v s -  
tallization of shells o r  cement. 

tained only east of a line extending from 
Seattle through Gatesville to  Jonesboro. 
West of this line only the basal part of the 
formation remains. 

The  Edwards limestone in Coryell 
Count!- is similar to that i n  McLennan 
County. I t  consists of numerous biohermal 
reefs separated by  biostromes and inter- 
reef deposits. Some reefs a r e  known to be 
55 feet thick and may be a s  much as 70 
feet thick. Good examples of biohermal 
reefs may be seen near Turnersville; along 
Coryell. Greenbriar. and Clear Creeks; 
near  Pecan Grove Church; and near 
RIother N e e  State Park. 

The inter-reef deposits a re  coml~osed of 
coarse rudistid debris. granular limestones 
(calcarenites), and fine-grained cherty 
limestones (calcilutites 1 .  A line extending 
apl)roximately from Whitson toward Gates- 
ville marks the. southern limit of the Kia- 
michi shale and  the northern limit of ex- 
tensive post-lithification alteration of the 
Edwards limestone. In general. primary 
rock textures a re  readily apparent north of 
this line. South of the line, post-lithifica- 
ticn alteration is  pronounced. 

Three outcrops J\-hich show the relation- 
ship of the various lithofacies crop out 
along L.S. Highrvay 84' east of Gatesville. 
All have been altered by chalkification 
which has partially obscured the orisinal 
textures. 

A good example of a reef core may be 
seen in an abandoned quarry on  the south 
side of L-.S. High~+a!- 84. 3.3 miles east of 
the railroad station in Gatesville I PI. 3 ) .  
A small subsidiary quarry is located at the 
edge of the higl l~\a)- .  The main quarry. 
which is located behind the subsidiary 
quarry. is not visible from the road but can 
be  reached by means of a path ~ \ e s t  of the 
quarry.  

CORIELL COLXTY Relation of E d z ~ a r d s  Formcctiorz 

T h e  Edwards limestone is present only to Contiguozts For?nations 

in the eastern part  of Coryell County TI here T h e  Edwards limestonelies i n  sharp con- 
i t  crops out in steep bluffs along the Leon tact T$ ith the Comanche Peak limestone on 
Rii e r  and along the  major streams east of t h e  T+ est side of the qualry. Forty-four feet 
the  river. Complete sections can be ob- of Edvards limestone is exposed. The top 



of the hill along the highway east of the 
quar i j -  is 63 feet ah01 e the Comanche Peak 
c o ~ l t a c t :  the top of the Edwards limestone 
i s  not piesent. h o ~  e l  el.  The hill rises an- 
other  10 to 15 feet along the ridge noith- 
west of the highwa\-. Reef core o r  reef flank 
depoqits are present but  are poor11 exposed 
near  the crest of the hill. The top of the for- 
mation ic not expoced. It is evident from 
the measurements t ited that the Ed\\ a1 ds 
formation is a t  least 73 feet thick in this 
v i c i n i t ~ .  This is belie! ed to be close to the 
maximum thickness. h o ~ ~  ever. because the 
formation is t h i n n e ~  noith and east of this 
localit\ .  

Rudistid Facies 

K e e j  core, Clndophyllia zorze.-The 
1014-er 21 feet of the reef core is composed 
of a homogeneous mass of Cladophyllia 
(PI. 27. D )  . Man!- Cladophyllia colonies 
a r e  present, but most of them appear  to be 
broken though not abraded. Rudistids are 
present in this zone but  are definitely sub- 
ordinate  to Cladoph311ici. The Cladophyllia 
zone grades upward into the rudistid zone. 

R e e j  core, rudistid zo~ze.-The remain- 
der  of the reef core coiirists of a mass of 
rudistids embedded in a white fine-grained 
chalky matrix (PI. 6. C i .  There is no bed- 
d ing  i n  the reef core. A slightly undulatory 
bedding plane separates the core from the 
flank deposits (PI. 6. D i .  It extends across 
mosl of the quarry but disappears in the 
center and at the east end where the reef 
core builds up t o  the top of the exposure. 

T h e  rudistids sholr no particular orien- 
tation except Caprinriloidea which is ori- 
ented in  a more o r  less horizontal position. 
I t  has  not been determined whether the 
organisms occupied this position during 
life o r  ~vhether the shells assumed this posi- 
tion after the organisms died. 

This  outcrop is  especially interesting be- 
cause of the variety of ways in  which the 
fossils are   reserved. 1,Iost are  preserved as 
molds hut "original" shells and clear cal- 
cite casts of shells also occur. "Or i~ ina l"  
shell material is uncommon: however. and 
c o m ~ l e t e l y  preserved "original" shells are 
verj- rare. 

niIolds are more abundant here than in 

an!- other outcrop ~vhich has been studied. 
Both internal and external molds are  ]Ires- 
ent. Ho\\.ever, the internal mold is missing 
i n  most molds owing to solution of the sur- 
rounding shell. hIost molds hax-e a thin 
coating of small crystals of calcite covering 
the ~valls. 

Good natural casts of the original shells 
d o  not occur. Usuall!-. only part  of the orig- 
inal shell is preserved as a cast. The re- 
mainder has been dissolved away and only 
a cax-it)- remains. Casts have been formed 
by  recr>-stallization of the original shell 
and  b>- cavity fillin?. Strictly speaking. the 
latter is a replica of the cavity rather than 
a natural cast of the shell. Filling of the 
cavity is accomplished by the uniform 
groxt-th of crystals i n ~ r a r d  from the shell 
xvalls TI-hich they coat and by construction 
of bridges. Bridges are  constructed by ir- 
regular ~ r o w t h  o.f crystals across the cavity 
to form pillars and plates that have a great 
variety of shapes i P1. 30: C ) .  Ex-entually 
thev coalesce to fill the cavity. 

T h e  matrix: as  seen in the outcrop. is 
c o m p o s d  of fine-grained limestone and 
fine shell debris. In  thin sections, holve~-er. 
bccause chalkification has destroyed or ob- 
scured much of the original testure. the 
malrix is a dusty estremely fine-grained 
groundmass of calcite. Small irregular- 
shaped patches of clear calcite formed by 
reprecipitation follo~ving chalkification 
occur throughout the matrix. The  coiltacts 
bet~veen these patches and the groundmass 
a rc  very indistinct. 

All stages of alteration of shell f r a p e n t s  
to chalk are  present. Larpe shell fragments 
a re  least affected. Small fragments. ho~v- 
ever. are often onl!- barely discernible. 
Conversion to chalk usually proceeds from 
the edge of the shell in~i-ard but in a few 
shell fragments, chalk has developed pre- 
ferentially along some of the internal layers 
within the shell walls. 

R e e j  flank.-Coarse 11oorly sorted shell 
debris and whole fossils constitute the reef 
flank deposits. Whole fossils a re  abundant 
hut a re  clearly less abundant than in the 
reef core. These sedimel~ts grade laterally 
into the reef core indicating deposition 
simultaneous with reef growth. 
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T h e  flank deposits are massive and not 
bedded in the main  quarry, but i n  the small 
q u a r r y  adjacent to the highway, they are 
well bedded. T h e  beds range i n  thickness 
f r o m  2 to 4 feet and are inclined to the 
northeast with a n  apparent dip of 35'. 

Paleontology.-As already noted. the 
basal zone of the  reef is composed predomi- 
nant ly of Cladophyllia. The floor of the 
quar ry .  which is near  the base of the rudis- 
tid zone. is paved in places with Tortcasia. 
I n  the  quarry wall. Caprinuloidea and 
Eoradiolites a r e  the most abundant  forms. 
Caprinuloidea appears to be dominant. 

Locality 50-T-7 includes two roadcuts 
that  expose two and  possibly three levels 
of the  rudistid facies and their associated 
inter-reef deposits. The roadcuts are  lo- 
cated on U.S. Highua l -  84. about 4.5 miles 
east of the railroad station i n  Gates~i l le  
(fig. 11 i. The easternmost outcrop. clesig- 
nated as outcrop no. 1. is located just west 
of t h e  roadside park in the tributary \alley 
of Coryell Creek : the westernmost expo- 
sure. designated as  outcrop no. 2. is the 
deep roadcut on  the crest of the hill. 

Relation of E d z ~ a r d s  Formatiorz 
to Contiguous Formations 

Relation of Edwards formation to Co- 
manche Peak fornzation.-The Edwards 
limestone is 50 to 55 feet thick a t  this lo- 
cality and most of the formation is exposed. 
T h e  l o ~ t e r  part of  the formation is inter- 
calated ui th  the upper part of the Coman- 
che  Peak limestone. Outcrop no. 1 exposes 
13 feet of typical Comanche Peak nodular 
limestone and G to  8 feet of the E d ~ a r d s  
rudistid facies. A sharp change in lithology 
m a r k s  the contact. 

Another 2 to 3 feet of the rudistid facies 
is exposed at t h e  base of the north nal l  in 
outcrop no. 2. I t  is olerlain. ~ i t h  sharp 
contact. by approximately 3 feet of gray 
compressed nodular limestone which is. in 
turn. o ~ e r l a i n  b y  6 inches of marl  iP1. 3 ) .  
T h e  marl was formed by weathering lather 
than b)  primary deposition. T h e  thickness 
of the  nodular limestone is included in the 
thickness of the Ed\+ards formation be- 

cause it constitutes only a small percent of 
the eniire Edwards limestone section. It  is 
considered, however. to be  a tongue of the 
Comanche Peak limestone projecting into 
the Ed~aards limestone. The direction from 
which it came is unknown. 

Relation of Edwards formation to Kia- 
michi Jormation.-The contact of the Ed- 
wards and Iciamichi formations is exposed 
at  the top of the hill just west of outcrop 
no. 2. An entire section of Iciamichi shale 
is present but  is poorly exposed. It  is 10 
feet thick and  is  o ~ e r l a i n  by  the Duck 
Creek limestone. 

The Edwards and Iciamichi formations 
lie in sharp contact ~v i th  each other. The 
top of the Edwards limestone is oxidized: 
case-hardened, and  pitted like the top of 
the formation a t  man?- other localities. 

Rudistid Facies, Outcrop No. 1 

Outcrop no. 1 exposes 6 to 8 feet of well- 
bedded rudistid limestone. Beds range in 
thickness from 2 inches to 2 feet and are  
composed of a mass of whole and broken 
rudistids that show no evidence of trans- 
portation. The  top of this outcrop appears 
to  be stratigraphicall>- equivalent to the 
base of thelowest rudistid facies at  the east 
end of the north wall of outcrop no. 2. 

The  origin of the rudistid facies in this 
outcrop i: undetermined. Well-developed 
bedding indicates that the deposit is not the 
core of a rudistid reef. It could be the flank 
of a reef, however. On the other hand, it 
may be an incipient reef formed bv the in 
situ accumulation of rudistids which grew 
u n d ~ r  conditions that did not permit the 
construction of a massive reef core. 

Rudistid Facies, Outcrop No. 2, South F a l l  

Stratigraphic and  strr~ctural relations.- 
T h e  south wall of outcrop no. 2 exposes 11 
feet of a rudistid reef. the true thickness of 
which is unknown. The reef has an asym- 
metrical shape and  consists of the core and 
the surrounding flank deposits (Pls. 3;  
7, A ) .  

The  reef core is massive compared to the 
flank deposits. Three irregular and discon- 
tinuous growth surfaces, none of which 
pass completely through the core. mark 



levels where reef growth was temporarily 
interrupted. Similarly. a thin irregular bed 
of coarse granular limestone near  the base 
of the  outcrop indicates that, f o r  a brief 
period of time, reef growth was not only 
interrupted but gave \jay to the physical 
d e ~ ~ o s i t i o n  of sediment. 

T h e  reef core grades laterally and up- 
ward into more fragmental deposits. No 
sharp  line of demarcation can b e  drawn 
between these sediments. On the east side 
and  above the core. the flank sediments 
fo rm only a thin zone between the core and 
the bedding plane ~ c h i c h  marks the limit 
of the reef. The flank deposits on the liest 
side of the core a r e  thick to m a s s i ~  elv bed- 
ded. Bedding is very irrepular but becomes 
more  uniform away from the reef. The 
flank qediments grade laterally into the 
interior-reef sediments. The boundarv he- 
twecn these sediments iP1. 7. A )  is baced 
primarily upon petrographic evidence that 
the particles in the inter-reef sediments are 
ronnded and sorted to some extent. thereby 
indicating deposition b>- mechanical pro- 
cesses. 

T h e  rudistid facies near the top of the 
formation at the west end of the outcrop is 
the  flank of another reef which lies lo the 
west. I t  is probable that this rudistid facie$ 
is the highest part of the same reef nhich 
is esnoced at the east end of the oiltcroi~. 

Litholoqy of  t h p  rcef cor~.-The re-f 
core is composed of a st1 urtureless mass of 
interlocking fossils preserved as  "original" 
shell material. recrvstallized shall material, 

s h o ~ r  that a long ~ e r i o d  of time separated 
the t~ o stages of cr~stallization. 

T h e  matrix of the reef core is micro- 
granular limestone in \$hich tinv angular 
shell fragments a r e  abundant. On a pol- 
ished surface. the matlix has a \ e r>  fine 
detrital appearance. ~Iicroscopically. il is 
a n  extremely dusk! groundmass com- 
posed of grains uh ich  have an alerage 
size of 0.003 mm. 

St>-lolites a re  abundant throughout the 
reef core and in the adjacent flank deposits. 
Thev occur along bedding planes. at the 
contact betweon the internal and exlernal 
molds of the fossils. and throughout the 
matrix. The amplitude of the stylolites 
range. from one-thirt\-second to half an 
inch. At most places a coatinz of Iron 
oxide is present on the surface of the s t ~ l o -  
lites. 

I,ithology of the reef flank.-The rcef 
flank deposits a re  composed of a poorly 
sorted mass of whole and broken rudistids 
embedded in a microzranular matrix cimi- 
lar  LO that in the leef tore. There is \cry 

little el idence of transportation of the com- 
ponents. Shells and shell fragments are  prf- 
selr ed as "original" shell material and re- 
crvstalli7ed material. 

T h e  flank deposits of the reef v ect of the 
roadcut are made up  of whole and  broken 
rudistids embedded in a granular matrix. 
Coarse rudistid deblis is not as  abundant 
a s  in the flank sediments of other reefs. The 
deposit is massive and ?lades later all) into 
the ~r ell-bedded chert\ inter-reef faciee. 

a n d  molds (PI. 19. C ) .  Cplls vithiil the Rudistid Facies, Outcrop No. 2, North Fal l  
outer  shell wall a r c  usaallv filled ni th  
either crystalline calcite or lime d ~ t r i t u e  Stratigraphic and structural r~1crtions.- 

bu t  some are emptv I PI. 21. A ) .  Rodv Three feet of rudistid limestone is exposed 
a t  the base of the east end of the outcrop chambers of many of the fossils a re  fillcd 
(Pl. 3 ) .  The beds dip 15' to the east and 

with lime detritus. Some. however. are  par- 
grade laterally, to  the east a s  well as the 

tially o r  romoleteli filled with clear c r y -  west. il,to finer shell debris. The beds ap- 
talline calcite. Where  ilartiallv filled. they pear to be truncated by the overly-ing nodu- 
are vUgs lined with crystals. lar limestone, but it is not knojvrl \,llether 
chamber5 filled with clear calcite often ex- this represents true truIlcation or merely 
hibit a layer of small calcite crystals lining non,jeposition. 
the  chambers and  a n  irregular mosaic of The  massive rudistid facies which over- 
larger crystals filling the remainder of the lies the nodular limestone is the flank of an 
chambers. This feature indicates two stages unexposed reef which is believed to have 
of cavity filling. There is no evidence to been located to the east or southeast of the 
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outcrop (PI. 7. B ) .  Weathering has re- 
vealed the presence of incipient bedding 
I$-hich dips very gently to the northwest. 
T o  the west, the entire deposit. as  well as 
individual beds. thins out and grades into 
inter-reef sediments. The upper few feet of 
t h e  rudistid facies grades into the lower 
p a r t  of the cherty inter-reef facies. 

The  rudistid facies at the west end of the 
outcrop is structurally and lithologicallp 
like that in the south wall. 

Litfiology o j  the reef flank.-Litho- 
logically, the reef flank in the north wall 
i s  very similar to the  flank deposits i11 the 
south wall. I t  is composed of a poorly 
sorted mass of 71 hole and broken rudistids 
embedded in a microgranular matrix. Fos- - 
si ls  and fossil fragments a re  preserved as 
"original" shell material and recr! stallized 
calcite casts. There  is very little evidence of 
abrasion of the components. 

T h e  coarse debris and whole shells grade 
Iaierally into finer shell debris which is  
better sorted a n d  shows some evidence of 
rounding of shell fragments. 

Pc11eontology.-Chondrodonta. Cuprinu- 
loiden. and Eoradioliies are  the predomi- 
n a n t  organisms i n  the reef core and reef 
flank deposits. Eoladiolites is  especially 
abundant  in the  flank deposits i n  the north 
wall. Caprinz~loidea appears to be  the domi- 
nan t  form in the flank deposits a t  the west 
end of the outcrop. Toacasia is also pres- 
ent .  

Dicil oconus r~alnutensis is abundant in  
places in the flank deposits on the west side 
of the reef core in  the south wall. 

Ir~ier-reef Facies. Outcrop No.  2. 
North and South Walls 

Strc~iigraphic and siructural relatiorzs.- 
T h e  n~assively bedded inter-reef deposits 
on the east side of the reef in the south wall 
lie against the ~ e e f  flank (Pls. 3: 7 .  A ) .  
&ear the core the sediments d ip  as ruuch as 
303:  50 feet a\\-a!- they a r e  essentially 
horizontal. The  beds are truncated at  the 
top I,>- the thin-bedded cherty inter-reef 
facies. The inter-reef sediments on the east 
side of the core a re  believed to be the lat- 
eral  equivalent o f  a pal t of the ~ e e f  located 
behind the o t~ tc rop  01 of a part 11 hich \ \as  

eroded away prior to deposition of the 
cherty limestones. The beds a r e  several feet 
thick and increase in thickness away from 
the reef. 

The inter-reef sediments west of the reef 
core are thick to massively bedded. They 
a r e  laterally equivalent to the reef and d ip  
away from the core a ith a maximum incli- 
nation of 12'. The  beds a re  marked at the 
top by the ION -relief disconformable sur- 
face that extends vestward from the top of 
the reef. 

The inter-reef sediments in the upper 
part  of the outcrop consist of a lower cherty 
liiilestone zone and an upper nodular lime- 
stone zone which contains no chert. In the 
cherty zone, bedding planes a re  I< ell devel- 
oped. and beds maintain a fairly uniform 
thickness in the center of the outcrop ex- 
cept .ishere chert nodules a r e  present. In  the 
zone above, bedding is wavy and produces 
a nodular structure. Bedding in both zones - 
becomes discontinuous and finally disap- 
pears into the rudistid facies at  the west 
end of the outcrou. 

From the center of the o u t c r o ~  to its 
eastern extremity. the entire facies de- 
creases in thickness owing to pinchout and 
thinning of individual beds. I n  the north 
wall thhinter-reef facies grades into the top 
of the reef flank as already noted. 

Chert occurs a s  both beds and  nodules 
(PI. 8. B).  The  nodules have various shapes 
bu t  most of them are flat and  elongated 
parallel to the bedding. The  lowest chert 
bed in the north wall is honeycombed and 
approximately 1 foot thick. To  the east, i t  
becomes a thin \ r a y  bed which finally 
breaks up into nodules concentrated along 
a bedding plane. This bed is not present in  
the south wall. 

Chert beds range in thickness from 0.5 
of an inch to 6 inches. Some have flat sur- 
faces but more commonly the!- have 
kno11b~- or  wavy surfaces. I n  places. the 
beds ihicken to f o ~ n l  large pro tube~a~lces .  
These. in turn. often coalesce with the next 
chert bed above. Locally, where weather- 
ing has etched them out, laminations in the 
limestone can be  seen bending around and 
pinchin.. out a p i n s t  chert nodules in the 
same manner that sediments onlap a 



inound (PI. S, C I . Small shells and shell 
fragments are oriented parallel to the chert 
boundaries. The  honevcombed chert hori- 
zon a t  the base of the inter-reef sediments 
i s  overlain by a bed of pelecypods. A few 
organisms in this bed secreted shells which 
conformed to the shape of the nodules on 
which they grew. The  relation of the chert 
t o  the  adjoining limestones clearly indi- 
cates that the chert originated as  a primary 
deposit. 

A n  interesting feature of the sediments 
i n  the  north wall is the occurrence of tiny 
faul ts  and joints. Their presence suggests 
fracturing prior to lithificatiorl because 
none  of them cross the bedding planes I P1. 
8; D ) .  Displacement on the faults ranges 
f rom one-sixteenth to one-eighth of an inch - 
and  it  may be  vertical, horizontal. or a 
combination of both. 

Lithology of the inter-reef deposits. east 
e n d  of south wall.-The inter-reef deposits 
a t  the east end of the south wall a re  com- 
posed of white poorly sorted fine to coarse 
shell debris (Pl. 20. A ) .  These sediments 
a r e  extremely chalky as a result of present- 
d a y  weathering. O n  a fresh surface very lit- 
t le  texture is evident. but on a weathered 
surface the shell fragments a re  etched into 
relief and reveal the true nature of the de- 
posit. 

Detailed features of the shell debris are 
obscure owing to chalkification. In thin 
sections. the chalk is a dark microzranular 

L 

groundmass through ~ + h i c h  the clastic tex- 
ture  can be barely seen iP1. 21, E i . Large 
shell fragments a r e  composed of "original" 
shell material but  most small fragments 

L 

have been converted to chalk. X large " 
ainoullt of the shell material also occurs as 
coarse crystalline calcite casts. D i c t ~  oconus 
ioalnzttensis is very abundant in  places. but 
man>- specimens a r e  so completely altered 
to chalk that they a r e  barely recognizable 
iP1.21.  F ) .  

Clear crvstalline calcite. in additioli to 
forming casts of shell fragments. occurs as 
irregular-shaped patches and ramifies the 
ent i re  matrix. Small veins of crvstalline 
calcite cut across shell fragments as  v-ell as 

L 

matrix.  Some of the calcite was undoubt- 
edly deposited as  a cement shortly after 

deposition, but  most of it  probably orig- 
inated by reprecipitation of calcite follow- 
ing  chalkification. 

L 

Evidence of boring organisms in the 
shell debris is found in many instances (Pl. 
21. D ) .  The borings have shapes which 
range from small indentations in  the shells 
to long slender sinuous holes. 

L 

Lithology of the inter-reef deposits west 
of the reefs, m r t h  arzd south walls.-West 
of the reef core. the flank deposits grade 
into shell debris in  ~ + h i c h  whole shells a re  
scarce. The effects of wave and  current ac- 
tion become apparent with increasing dis- 
tance from the reef core. Individual par- 
ticles are  slightly abraded. The  matrix, 
which is extrekel!- fine-grained and  almost 
opaque in thin sections of reef core and 

a A 

reef flank limestones. is composed of both 
microgranular calcite and relatively coarse 
cr)-stalline calcite ( P l .  21, C) . 

An interesting feature is the occurrence 
..+ 

of dolomite. I t  is  found in many small bore 
holes that penetrate the top of these sedi- 
ments and a s  dolomite casts of original 
shell f r a ~ m e n t s .  The  dolomite is tan and 
coarsel\ crystalli~le llke that described at  
localities 154-T-1. 154-T-14a. and 154-T- 
16. 

Lithology of the chert? inter-r eeJ facies. 
-The ~nter-reef linlestones overl> ing the 
cole  and its e q u i ~  alent deposits to the west 
a r e  micl ogranular chalky limestones I P1. 
20. B i  . Most of the beds appear to be stluc- 
tureless. but weathering reveals the pres- 
ence of very thin laminations and cross- 
lami~iations. The  top of the outcrop is a 
marl or caliche. 

111 thin sections. thcse limestones have a 
dusty finely mottled texture (PI. 22. A ) .  
The  dusty silt-sized particles hal-e very in- 
distinct outlines and are composecl of 
microgranular calcite. No organic struc- 
tures are apparent in  them. Slightly 
coarser crystalline calcite fills the inter- 
stices. Irregular-shaped patches of clear 
crysialline calcite containing ghosts of the 
dust?- silt-sized particles are  the result of 
chalkification and  reprecipitation of cal- 
cite. 

Calcite casts of small rod-like particles 
(replaced sponge spicules? ) are 1-ery 



50 Bureau of Ecorzolnic Ge01ogy~ T h e  University of Texas 

abundant  (PI. 22. B )  . In  laminated lii~le- 
stones they a r e  oriented parallel rtith the 
laminations. Small  round spheres (cross 
sections of sponge spicules?) a r e  equally 
abundant. Miliolids. all of which h a l e  been 
con1 erted to dark  microgranular calcite, 
a r e  present throughout these sediments. 
"Original" shell material is almost totally 
absent. 

T h e  inter-reef deposits near the nest end 
of the north wall contain a large number of 
hard  tubes or rods of fine-grained lime- 
stone. Fragments of limestone 11thol- 
o g i c a l l ~  similar to  the surrounding lime- 
stone are associated with them. Pecter~ 
drcplicostata is very abundant in  this area. 
T h r  o l q i n  of the limestone rods is 1111- 
k n o ~ n :  they ma! be casts of bore holes. 
T h e  lilllestone fragments a re  beliexed to 
ha \  e or~ginated from flagmcntation of the 
surrounding limestone prior to complete 
lithification. Both features may be  the re- 
sult of olganisms: if so. they indicate great 
organic activity. 

T h e  microgranular limestones grade 
laterall\ into coaxse granular limestone. 
fine shell debris, and. finally, into ludistid 
limestone at the ues t  end of the roadcut. 

I'ccleontology.-T'ecten duplicosta~a and 
the unidentified pelecx pod which f o ~ m s  the 
b r d  on top of the lo~sest  chert hori7on are 
the  OII I J  macrofocslls 1s hich a re  I elr com- 
mon.  

Dictjoconus ualnuterzsis is abundant in 

north wall. It was buried beneath a tongue 
of Comanche Peak limestone which did not 
extend to the south side of the highway. 
Upward growth of this reef behind the 
south wall shed debris over the lower par1 
of the reef to form the coarse sediments a t  
the east end of the south wall. 

A second center of reef growth existed 
east of the main roadcut above the Co- 
manche Peak tongue. The flank of this reef 
is exposed in the norih wall. This reef and 
the reef core in  the south wall became co- 
extensive and their flank deposits extended 
to the west a s  a single unit. 

The youngest reef to affect sedimenta- 
tion was located west of the outcrop. A 
tongue of this reef extended  east^+-ard and 
is exposed a t  the west end of the roadcut. 
Sediments derived from this reef were 
swept to the east and inundated the older 
reefs. 

LOCALITY 50-T-8 

A long roadcut on U. S. Highway 54 
west of Greenbriar Creek exposes the flank 
deposits of two reefs and the interlening 
inter-reef deposits i fig. 14,; Pls. 3: 7 .  C ) .  
T h e  Ed~vards-Iciamichi contact is not ex- 
posed. but the top of the hill a t  the west 
end of the outcrop is thought to  be \cry 

close to the top of the Edwards formation. 

Relation of E d l ~ a r d s  Fornzatior~ 
to Contiguous Formatiorzs 

the deposits a t  the east end of the south Relation of Edwards formation to Co- 
wall and miliolids are  abundant in the manche Peak formation.-The contact be- 
remainder of the  inter-reef deposits. tween the Edwards and Comanche Peak 

Correlatiorz oJ Outcrops 

It is rather diGcult to correlate the out- 
crops at  this locality. From evidence ~i hich 
has  been presented. it  appears that  several 
centers of reef growth controlled sedimen- 
tation in this vicinity. ,4ctually, they uere 
probably individual mounds o r  lobes pro- 
jecting upward and  outward from the same 
reef core. 

T h e  core of one of these reefs is exposed 
a t  the  east end of the south wall. A tongue 
of rudistid limestone is believed to have 
extended northeastward from this reef to 
form the flank deposits at the base of the 

formations is texturally very sharp. Faun- 
ally and structurally. however. it is some- 
what gradational. -4 few rudistids scattered 
through the upper few feet of the Coman- 
che Peak limestone and an incipient devel- 
opm-nt of even bedding in the upper part 
of the formation indicate that environ- 
mental conditions favorable f o r  deposition 
of the Edwards limestone were established 
before the end of Comanche Peak depo- 
sition. 

An unusual feature of this outcrop is the 
occurrence of a small syncline near the 
300-foot mark (Pl .  3 )  in both the Edwards 
and Comanche Peak formations near the 
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east end  of the roadcut. Because this is the 
only knon.n occurrence of such a feature 
and  because it is only partially exposed. its 
origin is difficult to determine. Tectonism 
seems unlikely f o r  there is no other evi- 
dence of disturbance in the immediate 
vicinitv. Pre-Edwards erosion must be 
ruled out because incipient bedding in the 
Comanche Peak limestone is also deflected 
d o l r n ~ r a r d  in the syncline. The rubble zone 
near  the svncline and another solution 
channel a few hundred feet farther west in 
addition to an abundance of stylolites indi- 
cate that some solution of the limestone 
has  occurred. I t  is conceivable, therefore, 
 hat solution near  the Edwards-Comanche 
Peak  contact followed by slow adjustment 
of the overlying limestone could have pro- 
duced the syncline. 

Rudistid Facies 

Strat igrapl~ic  a n d  structural relations.- 
T h e  rudistid facies a t  the extreme east end 
of the outcrop is biostrornal and consists of 
very gently undulatory beds which range 
f r o m  -I inches to 2 feet in thickness. To  the 
west along the outcrop. the rudistid facles 
delelops into a series of bioherms that have 
dips a s  great as  30'. Bedding planes are 
less pronounced bu t  are  still apparent in 
t h e  bioherms. Individual beds maintain 
approximately the same thickness as far 
a s  the 450-foot m a r k  .i{ here several of them 
combine to form thicker beds. T h e  remain- 
i n g  beds continue from this point to the 
600-foot mark where they disappear. The 
rudistid facies is  massive from the 600-foot 
m a r k  to the 900-foot mark where it passes 
beneath the outcrop. 

St)-lolites are conspicuous on  many of 
the bedding planes. They a re  de~e loped  
equally \+ell on the crests. flanks, and  in the 
t roughs between the bioherms. Irrespective 
of their location, the)- are  always oriented 
i n  a \ ertical direction. The amplitude of 
the stylolites ranges from one-sixteenth to 
three-fourths of a n  inch but is most com- 
monly one-fourth of a n  inch. 

T h e  rudistid facies a t  the west end of the 
outcrop olerlies the inter-reef beds with a 
sharp  contact. Most of the rudistid facies is 
massive. but it becomes bedded toward the 

east. I t  is quite probable that the inter-reef 
beds could be seen grading laterally into 
the rudistid facies if the roadcut were 
deeper. 

Lithology of the reel core.-Only two 
small patches in  the outcrop a r e  considered 
to be  reef core. Both are patches of Ca- 
prinuloidea which occur between the 4'50- 
and  550-foot marks. Classification as reef 
core is based primarily upon the better 
state of r~reservation of the fossils as com- 
pared to the preservation of fossils in the 
surrounding rock. Both patches may be 
either tongues of the reef core extending 
into the flank deposits or merely small local 
colonies of Caprinuloidea. 

Lithology of the reeJ flank.-The eastern 
half of the roadcut ( t o  the 1.000-foot 
m a r k )  exposes the flank of a reef which is 
belieled to be located behind the outcrow. 

T h e  flank deposits consist of a poorly 
sorted accumulatiorl of whole fossils and 
coarse rudistid fragments embedded in a 
microgranular chalky matrix (PI. 20. C, 
D )  . All components a re  very angular and 
sholr. no evidence of abrasion (Pl. 22. D, 
E )  . &ear the 300-foot mark elongated shell 
fragments and whole shells are-preferen- 
tially oriented parallel to the bedding. 
Shells and shell fragments a r e  composed 
of "original" material and recrl-stallized 
calcite i PI. 22, E )  . 

On polished rock specimens, the rudistid 
limestone is a heterogeneous mass of 
broken material. T h e  matrix and the shells 
a re  cut and offset by many small very 
irregular hairlike cracks. The microgranu- 
lar  fillings in the body chambers and in the 
cells of the outer shell wall have fallen 
out of some of the fossils o r  down into 
the cavity formed by  solution of the origi- 
nal shell. The entire mass of whole shells, 
shell fragments, and  displaced fillings is 
cemented by clear coarse crystalline cal- 
cite. The latter appears to constitute a 
greater volume of the rock than it  does in  
similar deposits elsewhere. The  abundancc 
of  irregular cracks that cut shell fra,ment 
a s  well as matrix indicates that compaction7 
played an important part i n  the develop- 
ment of the flank d e ~ o s i t s  of this localitv 
a n d  that it occurred prior to cementation. 
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T h e  gieat volume of clear calcite celllent 
suggests that a more than normal amount 
of m a t ~ i x  material JIas ~ l i n n o l t e d  oul of 
the accumulating flank deposits. This 
caused the remaining material to be frag- 
mented and compacted to a greater extent 
than usual. 

PaIeorzto1ogy.-Eoradiolites is  the most 
abundant  fossil in  the flank beds. Cllon- 
drodonta and Cuprirlnloidea a r e  fairly 
common. A few isolated specimens have 
been tentatively identified as  Morzoplertra. 

Irzter-reej Fucies 

Lithology und stratigrnpl~ic relaiio12s.- 
Reef flank sediments grade laterall! and 
vertically into inter-reef limestones. \ear 
the 500- and 900-foot marks these sedi- 
ments ale  poorly solted chalky fine shell 
debris.  The shell f r a ~ m e n t s  a r e  angular 
a n d  most of them a r e  recrystallized calcite. 
T h e  matrix is very fine grained and  chalky. 

 mes stone T h e  chalky appearance of the 1' 
a n d  the large amount  of recrystallization 
of the  shells a r e  due to weatherin?. The 
contact between the fine shell debris and 
the overlying inter-reef deposits near the 
900-foot mark is defined by a thin oxidized 
mar ly  limestone becl which thins to the 
west. The bed contains many shell frag- 
ments and broken "tubes" of hard  fine- 
g r a i i ~ e d  limestone. 

Cet11-een the 900-  and 1.200-foot marks 
the inter-reef deposits are  well-l~edded 
cherty limestones t PI. 6. B i .  Beds range 
frorn 0 to 3 feet in thickness. T h e  beds at 
the east end of the inter-reef facies are 
even bedded. T o  the ivest, they become 
nTavy bedded a n d  interfinger TI-ith other 
beds of similar litholog>-. 

T h e  chert is both bedded and  nodular. 
Most o l  it occurs in  t11.o prominent beds. 
T h e  remainder occurs as both flat and 
irregular-shaped nodules most of n-hich are 
concentrated in  the limestone beds rather 
than  along the bedding planes. 

Lithologically, the limestone and  chert 
a r e  like the cherty inter-reef facies at  
localitj- 50-T-7. 

The Edwards formation crous out in  a 
narr O M  belt along the Leon Ri.i er rioi th of 
Aloffat. Between hIoffat and the R-illiam- 
so11 County line. the Edwards outcrop in- 
creases in width until it eventuallv forms 
a broad belt several miles wide bet~reen 
Prair ie  Dcll and Ding Dong. 

The most conspicuous feature of the 
Edxrards formation in Bell Countl- is the 
great ~ a r i e t y  of carbonate rocks lthich 
make u p  the formation. All previously 
described rock types are  present. JIany 
more. formed b y  alteration of the original 
limestone. also occur. Though secondary 
processes have altered the primar!- constit- 
uents of the Edwards limestone throuchout 
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the area. they ha \  e not been severc enough 
to destlop completelj the original p11mar?- 
textules and form nen rock types nolth of 
niloffat. South of IIoffat. on the othei hand. 
alteratio~l of the Edwards formation has 
been so severe in some places that none of 
the original texture remains. Two \\-ell- 
exposed outcrops vh ich  illustrate various 
degrees of alteration are discussed. 

Locality 14-T-1 is an abandoned quarry 
approsimately 2 miles north~vest of Relton 
(fig. 14.1. The quarry face is cut hy a fault 
zone near the point where the dir t  ramp 
descends into the  quarry. I n  this zone a 
heterogeneous mass of dense crystalline 
and  honeycombed limestone is eml~edded 
in a matrix of white iron-stained chalk. The 
fault block west of the fault has dropped 
6.5 feet measured on the base of unit 2. 

Contacts of the Edwards formation with 
c o n t i p o u s  formations are  not exposed. but 
the quarry Aoor is believed to be close to 
the base of the formation. 

Extreme East End of Quarry TT. ( I I I  
The extreme east end of the quarry ~b-all 

is particularly interesting because of the 
occurrence of dolomite. The  dolomite is  
interbedded with coarse granular lime- 
stones. fine shell debris, and  doiornitic 
limestones (PI. 9. &A'). Dolomite beds range 
from 0 to approximately 1 foot in thick- 



ness; limestone beds may  be thicker. Each entire length of the quarry, a distance of 
bed is penetrated b>- bore holes that are more than 1,200 feet. Only that portion of 
filled with the overl>-ing type of rock i PI. the quarry wall west of the fault zone has 
9; B-D! . In general. the limestone beds been mapped, howel-er. The following dis- 
contain more bore holes than do the dolo- cussion deals with the mapped portion of 
mite beds. This suggests that organic ac- the quarry wall only. unless other~vise 
tivity Isas greater on  the lime-sand bottoms stated. 
than on thc dolomite bottoms. I n  ~jlaces. 
bore holes lamify the rock to such a great 
extent that it is difficult to differentiate he- 
tween bole-hole fillings and host rock. 

T h e  dolomite is hard. dark gra!. and 
composed of a tightly knit mass of c i ~  stals 
which h a l e  an average size of 0.01 mm. 
R'licroscol~ically. t h e ~ e  apljears to be l e l y  
l i~ t le  polosity in this dolomite. S o m ~  beds 
of dolomite are cross-laminated and  con- 
sist of alternating layers of crystals. the 
lighter colored laminations being more 
coarsely crystalline ( PI. 24,. D )  . 

Bore holes in the dolomite beds are 
filled with more coarsely crystalline dolo- 
mite that  contains many well-rounded 
grains of "original" and recrystallized shell 
material. Most of the grains do not touch 
each other:  instead. the!- appear to be 
floating in the dolomite. Dolomite cr!-stals 
penetrate the "dust" r im of many of these 
grains. and "ghosts" of particles in the 
dolomite suggest that  the grains T(-ere 
originally more abundant  than at  present. 
It seems unlikely, however. that dolomiti- 
zation of the particles could have produced 
the open-packed texture that now exists. 
In the writer's opinion. this was produced 
by lime-sand being deposited in bore holes 
in which dolomite was crystallizing. Some 
of the grains were then dolomitized. 

Some limestone beds have a dolomite 
matrix o r  cement similar to the filling of 
the bore  holes. T h e  principal difference 
between the bore-hole fillings and  the 
limestone beds is the greater proportion of 
grains to matrix i n  the latter. The  grains 
occur i n  a normal close-packed state. 

Mapped Portiolz ~j Quarry Wall 

Approximately 3 0  feet of the Edwards 

Unit ].-Unit 1 is a massive gra!- dolo- 
mitic limestone characterized by  a variety 
of textures. The loxver part of the unit is 
poorly sorted shell debris and contains 
many dolomite-filled bore holes. It  grades 
upward into thinly laminated fine shell 
debris and coarse granular limestone i PI. 
23, A ) .  Very thin cia!- seams a re  common 
in this part of the unit. and many of them 
terminate in minute st~lolites. S~T-lolites 
a re  common at  the coniact of individual 
grains and between the glains and  matrix. 

Most of the sedimentaiy particles are 
"original" shell material. recrystalli~ed 
grains. and opaque grains (Pl.  25. A 1 .  
Recr!stallized grains are  the most ahun- 
dant.  Dictyoconus ucrlnrctensis. miliolids. 
and well-rounded fragments of the coral 
Cladophj,llia are common in some places. 
All grains are very M ell rounded. Many are 
coated with brown oolitic growth rings 
which. in  a few cases. have cemented 
several particles together ~ P l s .  25. B: 26. 
D ) .  

T h e  state of packing of the particles is 
quite variable. The  grains occur in  either a 
close-packed or  a n  open-packed state I PI. 
25: A ) .  

Dolomite and clear crystalline calcite 
constitute the matrix or cement. Holvever, 
the two minerals a re  not uniforn~l!- dis- 
tributed through the matrix. Some inter- 
stices a re  filled with calcite that  was 
deposited during two stages of precipita- 
tion (PI .  26, D ) .  Others are  filled I\-ith 
calcite that was deposited during onl!- one 
stage of precipitation. Part  of the calcite 
was deposited subsequent to formation of 
the dolomite as  indicated by large crl-stals 
of calcite that surround rhombohedrons of 
dolomite. 

formation is exposed in the quarry  tall Dolomite varies considerably and may 
(PI. 3 ) .  This is divisible into seven litho- either partially o r  coml~leiely fill the inter- 
logic units 11 hich can be  traced across the stices. In  ~)laces, dolomite has encroached 
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upon the particles (PI. 26, A-C) . Analyses 
of six samples (table 2) indicate that dolo- 
mite ranges from 5 to 65 percent. 

A bore hole zone marks the top of the 
unit (PI. 9, B ) .  The bore holes form a 
reticulate network 1 foot thick. The bore 
hole fillings are lithologically similar to 
those in sediments at the extreme east end 
of the quarry with which they are strati- 
graphically equivalent. Analyes  of one 
bore hole filling and the adjoining host 
rock show that the filling is 65 percent 
dolomite as cornpared to 15 percent in the 
host rock (table 2 ) .  

Unit 2.-A thin bed of rudistids forms 
unit 2 (Pl. 10: B ) .  Though both the top 
and bottom contacts of the unit are sharp, 
neither is a bedding plane. Apparently, 
conditions of deposition in each case 
changed too rapidly for a bedding plane 
to develop. 

Both whole and fragmented fossils are 
present (Pl. 23. B'i . They vary in relative 
abundance laterally so that the unit may 
be colnposed of e:ther whole fossils or fos- 
sil fragments. "Original" shell material 
and calcite or dolomite casts are both pres- 
ent. The casts appear to have been formed 
by cavity filling rather than by recrystal- 
lization. All are very angular and show 
very little: if any. el-idence of abrasion. 
Some fragments contain small tubelike 
bore holes (PI. 26, E ) .  

The composition of the matrix is ex- 
tremelj- variable. It is composed of various 
proportions of microgranular c a 1 c i t e, 
coarse crystalline calcite, and dolomite. 
Analyses of two samples indicate that 50 
percent of the rock is dolomite. part of 
which is in the casts of the shell frag- 
ments. The clear coarse crystalline calcite 
surrounds the dolomite and microgranular 
calcite and therefore was emplaced subse- 
quent to their formation (Pl. 26. F ) .  The 
orig'n of the microgranular calcite is prob- 
lematical. I t  may be either an original 
lime-mud which was not completely re- 
placed by dolomite and coarse crystalline 
calcite, or the result of post-lithification 
chalkification. 

Unit 3.-Tan well-sorted very dolomitic 

fine-grained limestone (calcilutite) grades 
upward into well-sorted slightly dolomitic 
granular limestone (fine calcarenite) (PI. 
25. C ) .  The unit ranges from 2.5 to 4.5 
feet in thickness and forms a single mas- 
sive but thinly laminated bed. Bedding 
planes within the unit are only a few tens 
of feet long. 

Opaque grains, "original" shell mate- 
rial, and recrj-stallized grains make up the 
particles. Opaque grains and "original" 
shell fragments predominate. Most grains 
are well rounded. 

The matrix or cement is calcite in the 
upper part of the unit. In  the lower part 
it is dolomite and calcite. The dolomite 
cons'sts of euhedral rhombohedrons and 
in places constitutes the entire matrix. 

Flat nodules of gray microcrystalline 
chert are present near the center of the 
outcrop. They are 3 to 6 inches thick and 
as much as 10 feet long. Laminations in 
the surrounding limestone bend around 
the nodules thus demonstrating that the 
chert was emplaced before lithification of 
the limestone. Therefore, it  is a primary 
deposit. Thin sections of the chert indicate 
that dolomite rhombohedrons are abun- 
dant. itilost of them are corroded or 
abraded and many have been partially re- 
placed by silica. They occur in clusters 
and as laminations arranged parallel to 
the bedding (PI. 22. F ) .  Long slender si- 
liceous objects occur with the dolomite and 
are oriented ~~ara l l e l  to the laminations. 
The siliceous rods are believed to he re- 
crystallized sponge spicules. 

Enit 4.-White to tan thinly laminated 
granular limestone forms unit 4 (Pl. 23, 
C ) . Well-developed cross-laminated bed- 
ding is a prominent feature of this unit 
iP1. 10, C) .  Bedding is lenticular and, as 
a result, few beds can be traced across the 
length of the outcrop. Most beds are 3 to 
6 inches thick. The entire unit gently 
pinches and swells from a minimum thick- 
ness of 4 feet to a maximum thickness of 
approximately 8 feet. 

The limestone is made up of well-sorted 
and well-rounded "original" and recrystal- 
lized shell fragments embedded in a crys- 



talline calcite cement. The "original" shell 
mater ial  is unusual in that it is coml~osed 
predominantly of straight o r  slightly 
curved rodlike organic fragments of un- 
k n o ~ i n  origin. The  anhedral calcite that 
forms the center of the recrystallized ~ r a i r l s  
is more  finely crystalline than usual and 
the grain boundaries a re  less distinct than 
normal. In places, recr!-stallization of in- 
dividual grains is so complete that no 
"original" shell material is evidcn t I PI. 
25. D ) .  

A characteristic feature of this unit is 
the abundance of ~ n o l d s  of grains. hIost 
of thein are bordered by the "dust" rim 
that surrounds most recrystallized grains. 
It  is uncertain whether the molds were 
formed by natural phenomena or  11)- the 
~ r o c e s s  of thin-sectioning. 

Large  flat nodules of gray microrrl-s~al- 
line chert  similar to those in unit 3 occur 
at the base and along bedding planes with- 
in the unit. Laminations in the limestone 
bend around the nodules as they do in unit 
3. Organic debris is abundant in the chert. 
A la rge  arnount of it  consists of remnants 
of sponge spicules(? ) . The organic debris 
in sonle nodules is cross-laminated on a 
very small scale, thus demonstrating the 
effect of current action upon the debris 
prior to lithification of the chert ( P l .  24, 
C ) .  Because of the  great dissimilarity of 
the cross-laminations in  the limestone and 
chert: a n d  because limestone laminations 
bend around the chert  nodules, the writer 
believes the chert is syngenetic. 

Dolomite is a n  interesting constituent 
of the chert i n  unit 4. The dolomite rhom- 
b o h e d r o n ~  a r e  distributed irregularly 
through the chert as  well as along the 
cross-laminations. Most of the crystals are  
corroded or abraded. The occurrence of 
dolomite in this chert is anomalous because 
it does not occur i n  the surrounding lime- 
stones, a s  shown by analyses of eleven 
samples (table 2 ) .  T h e  significance of this 
dolomite is discussed later. 

Unit 5.-Unit 5 is approximately 7 feet 
thick. T h e  thickness varies slightly owing 
to undulations on top of unit 4.. The  larger 

undulations of unit 4, are reflected on top 
of uni t  5 but to a lesser degree. 

T h e  contact of units 4 and 5 is sharp. 
Strictl! speaking, theie is no bedding plane 
betu een the units in  the western pal t of 
the q u a i l ) .  Instead. the contact is marked 
hy a Telj sharp gradation froin fine- 
grained limestone in unit to ludistid 
liinestone in unit 5. The contact d e ~ e l o p s  
into a bedding plane to the east, 11011 el er. 
Belov the collapsed zone. the contact dlops 
1 foot in the strat;gl aphic sequence: thus, 
the top of unit 4 in the vestern part  of the 
outcrol, is laterally equixalent to the base . . 

of uni t  5 in the eastern part of the outcrop. 
Bedding planes a r e  undulatory but are 

g e n e r a l l j - ~ p ~ r a l l e l  to the top and bottom 
of the unit in  the T\-ester11 part of the out- 
cron. In  contrast. the limestones in  the 
eastern part exhibit well-developed cross- 
bedding which dips ~ e r y  gently to the 
west. Beds range from a few inches to ser- 
era1 feet in thickness. Most of them are  not 
continuous for a great  distance even though - 

the lithologic subdivisio~ls of the unit con- 
tinue across the quarry.  

Unit  5 is composed of several types of 
rocks: these include rudistid limestone and 
coarse shell debris. granular limestone and - 
fine shell debris, crystalline limestone. and 
silicified limestone. I n  general, the unit 
can be subdivided into three parts : rudis- 
tid limestone a t  the base. granular lime- 
stone and fine shell debris in  the middle, 
and  crystalline limestone a t  the top. 
Patches of silicified limestone a re  also pres- 
ent. 

The  rudistid limestone is composed of 
coarse poorly sorted shell fragments em- 
bedded in a granular  matrix (Pl. 23. D) .  
The  cement is crystalline calcite. Almost 
all constituents a r e  recrystallized shell ma- 
terial; very little "original" shell material 
is present. 

I t  is evident that  this rudistid limestone 
was formed by  mechanical processes of de- 
position rather than by  organic growth in 
place. All components of the limestone a re  
well rounded and have the "dust7' r im that 
typifies medium to coarse transported or  
reworked particles. The  rudistid limestone 



5 6 Bur eau of Ecorlornic Geologl . The University of Texas 

is bounded a h o l e  by a distinct hcdding 
plane in some places; in other places. it 
intelfingers with and grades into fine shell 
debris and granular  limestone along the 
foreset beds. 

The fine shell debris and granular lime- 
stone (calcarenite ) that form the middle 
of the unit a r e  made up of well-rounded 
grains embedded in a cement of crystalline 
calcite (PI. 25. E i . IlIost grains are recrys- 
tallized, but particles of "original" shell 
material are  fairly common. Many grains 
a r e  represented bp  molds. I11 general, this 
par t  of the uni t  is poorly sorted. but some 
beds are composed of well-sorted grains. 
Cross-lamination is well developed in 
mall! beds and  elor~gated grains are ori- 
entrd ~ ~ a r a l l e l  to the laminations. 

I\ hich have altered to microgranular cal- 
cite are common. 

R~crystallization has affected all of unit 
5. but only the upper 6 to 12 inches has 
been converted to a new rock tvr~e. In the , . 
outcrop. the linlesto~le is  extremel) dense. 
~ugg!-. and ver! finely crystalline. It  is 
~not t led shades of brown and  yel lo~v (PI. 
24, B I .  For the most part. recrystallization 
h a s  not completelj- erased the original tex- 
ture. Polished rock specimens and thin 
sections indicate that the rock v a s  orip- 
inal lp  a well-sorted granular  limestone. 
T h e  grains a r e  now represented by very 
thin -'dustn rims. In  places. rven these 
ha1 e been partial11 destroyed. The calcite 
within the grain boundaries is more 
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coarsely crystalline than the matrix. Some 
- 0  

gl ains now consist of a single large crystal 
of clear calcite. The writer is uncertain 
I\ hether this calcite tr as formed b! I ecrj-s- 
tallization in  the solid state o r  by precipi- 
tation of calcite in the molds of grains. 
T-er! few molds occur in the recrystallized 
limestone. A small amount of "original" 
shell material remains. The  contact with 
the or-erlying unit is sharp but  T-ery ir- 
regular. 

Secondary silicification has formed 
large patches of extremely hard dense 
silicified limestone (PI. 10. D 1 .  The 
patches have a lenticular shape and are as 
much as 25 feet long. All a r e  elongated 

11arallel to th r  bedding. The long dimen- 
sions may be  bordered by bedding planes 
o r  by gradational contacts with the sur- 
rounding limestone. The contacts a t  the 
ends of t h e  silicified limestone lenses a re  
all\  a1 s gradational though they often ap-  
peal to be sharp in the field. I n  sample 
GG i P1. 3 ) .  fo r  example, the gradation 
extends over a distance of 1 inch. 

Silicification is largely confined to the 
fine shell debl is  and coarse g ~ a n u l a r  lime- 
stone. Silica occurs in  the grains and shells 
as .i\ell as in  the matrix. It  has replaced the 
centers of many  '.or iginal" shell fragments 
I\ hile still preservi~lg the original structure 
of the shell. During the process of silicifi- 
cation very little of the original texture was 
destroyed and  as a result. original bedding. 
cross-lamination. and fabric are  well pre- 
ser\-ed. 

[-n i t  6.-Soft b1.ow11 microcr!.stalline 
dolomite overlies unit 5. Intercrystalline 
porosity is 11 ell developed. hlicroscop- 
icallp. the dolomite is a loosel>- knit mass of 
small euhedral cr)-stals 0.03 lnm in di- 
ameter. 

AIolds of fossils are  very abundant 
throuzhout the dolomite. Most of them a r e  - 
unidentifiable. but  a few appear to be frag- 
ments of rudistids. The abundance of fos- 
sil fragments throughout the dolomite sug- 
gests that uni t  6 Jvas a rudistid biostrome 
L 

prior to post-lithification dolomitization. 
The 1ery rubhly surface of the outcrop 
suggests that the biostrome was thicker 
orisinally and  that it collapsed following 
dolomitization. 

Yodules of chert are  abundant in the top 
of the unit across the entire length of the 
outcrop. I n  the field. they appear to be  
lithologically similar to nodules lower in 
the stratigraphic section; they differ pri- 
marily in  having a more equidimensional 
shape than the other nodules. Thin sections 
indicate. however. that the chert is actually 
silicified dolomite and was formed by pre- 
cipitation of microcrystalline silica in the 
interstices (PI. 30. D I .  

C-nit 7.-Unit 7 is composed of inter- 
bedded crystalline limestone. chalk, and 
dolomite (Pls. 3: 10. A ) .  All are  believed 
to have been formed by post-lithification 



alteratio11 of pre-existing limestorie. The 
characteristics of tlie original limestone 
a r e  unkno~vn. 

F"he11 T-iewed from across the quarry, 
the uni t  appears to 11e composed of regular 
continuous beds. Close inspection, how- 
ever. demonstrates that very few beds are 
conLinuous across tlie entire quarry. They 
either pinch out o r  coalesce laterally I\-ith 
another bed. Individual beds a r e  as  much 
as  2 feet thick. Contacts between beds are 
generally sharp but  very irregular and un- 
dulatorl-. I n  some beds, the lithology 
changes laterally, but  the upper and  lo~cer  
co~ltacts  continue beyond the point of lith- 
ologic change. 

The  dolomites a r e  soft, microcrystalline, 
and  vary in color from light gray to b r o ~ r n .  
They have excellent intercrystalline po- 
rosity. In places, the dolo~nite  beds are 
finelj- laminated. 

T h e  limestones a re  extremely hard, 
inicrocr!-stalline, and  ~iiottled shades of 
brown and gray. They may be dense and 
massive or dense and  laminated. 

T h e  limestones in unit 7 have a texture 
which has not been seen in thin sections of 
any  other limestone. The texture is a mo- 
saic of 1-ery irregular-shaped interlocki~ig 
calcite crystals that have serrated edges. -4 
6 6  dust" of very fine irregular-shaped parti- 

cles of unknown origin is disseminated 

TAI~LE 2. Relntice abundance o f  calcite: dolomite, nnd quartz, loculily 14-T-I. 
Determined by X-ray diffraction analyses. 

7 .  bed 7 
7 .  bed 5 
7 .  bed 5 
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' Host rocli. 
",Bore hole  filling. 
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throughout the  m a s  of interlocking crys- 
tals. The larger particles appear to be cor- 
roded dolomite crystals. and X-ray  analy- 
ses of two crystalline limestone beds con- 
firm the presence of dolomite (table 2. sam- 
ples SX,  ZZ) .  Bed 3 demonstrates that 
calcification a n d  c o m ~ l e t e  conversion to 
crystalline limestone have taken place. In 
this bed, patches of dolomite occur in the 
limestone. T h e  contact between the dolo- 
mite  and the limestone is a l w a y  sharp, but 
it  ma)- be very irrpeular. 

Origitz oJ Dolomite 

The  dolomite in this quarry ~ t - a s  formed 
a s  both a primary deposit and a post-lithifi- 
cation alteration product. T h e  quarry is 
I j e l i e~  ed to be  a n  exposure of the transition 
zone between the site of dolomite depo- 
sition (east of quarry)  and  the site of 
limestone deposition i west of quarry ) that 
existed when units 1. 2. and 3 mere formed. 

At  the eastern end of the quarry.  precipi- 
iation of dolomite u a s  periodically re- 
placed by mechanical deposition of lime 
detritus. When the influx of lime detritus 
u a s  great. the grains were deposited in a 
close-l~acked state to form beds I+ hich later 
became limestone. During these periods, 
dolomite often continued to precipitate out 
of solution to form the matrix i n  the lime- 
stones. When the  influx was small. how- 
ever. the grains were deposited in  an open- 
packed state i n  the dolomite mud. Ben- 
thonic organisms preferred the lime-sand 
bottom sediments. as suggested by the 
greater number of bore holes in  limestone 
beds. 

Deposition of lime detritus was the domi- 
nan t  type of sedimentation i n  the mapped 
portion of the  quarry. T h e  interstitial 
\ \a ter  was evidently saturated with mag- 
nesium. because the mineral dolomite 
crvstallized out of solution to form the 
cement in some limestones and  partially 
replace some of the grains. Grain replace- 
ment  by dolomite is considered to be very 
ear ly diagenetic alteration which took 
place at the same time as dolomite was 
precipitated a s  a primary mineral else- 
where in  units 1: 2: and 3. I n  places, dolo- 
mi te  crystallized out of solution to form 

individual crystals that wcre then re~i-orkrd 
and transported ~v i th  the other particles. 
By the time unit 3 was deposited. 12recipi- 
tation of dolomite in the limestones had 
ceased. but it  persisted into unit -1. in the 
silica deposits. 

The argument ma!- be advanced that the 
dolomite in units 1.2. and 3 is a secondary 
deposit and was formed by  dolornitization 
of some particular type of limestone. As 
noted above, some of the dolomite did 
originate by diagenesis of particles subse- 
quent to deposition of the lime detritus. 
but this is true of only part of the dolomite 
in  these units. The  writer believes that the 
dolomite beds a t  the extreme east end of 
the quarry and most of the dolomite in 
units 1: 2, and  3 in the mapped portion of 
the quarry a r e  primary deposits for the 
folloxt-ing reasons: 

I 1 ) Field e l  idence. such as bore holes 
and cross-laminations, suggests that 
the dolon~ite  mud was subjected to 
the same ph! sical processes of sedi- 
mentation as the lime detritus. It is 
very questionable whether the cross- 
laminations in the dolomite ~rou ld  
have been preserved through the 
process of post-lithification dolo- 
mitization. 

1 2 )  The presence of laminations and 
cross-laminations of abraded dolo- 
mite cr!-stals in  pr imary chert 
nodules indicates that the crystals 
were transported or  reworked by  
currents prior to lithification of the 
chert. Their  occurrence in the chert 
nodules in  unit 4 is  particularly 
significant. Inasmuch as  no dolo- 
mite is present in the limestone of 
unit 4<. dolomite in  the chert must 
have originated by  crystallization 
from solution at the present site of 
the nodules. It could not h a l e  been 
transported from other areas with- 
out some rhombohedrons being 
deposited in the surrounding lime- 
stones, and it is extremely unlikely 
that post-lithification dolomitiza- 
tion would have formed dolomite 
rhombohedrons in  chert nodules 
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~vhile failing to dolomitize the 
limestones. 

Dolomite in units 6 and 7 originated by 
post-lithification alteration of pre-existing 
limestone. The possible conditions of alter- 
ation are discussed later in this paper. 

Primarj- limestones and post-lithification 
alteration products crop out at locality 11.- 
T-8. The outcrop is located on F. hl. 1670 
southwest of Belton (fig. 14$). Approxi- 
mately 70 feet of the Edwards formation is 
present at this locality. but only the lo~vest 
22 feet is well exposed. The remainder ap- 
pears to be largely secondary limestone 
and dolomite. 

Conzanche Peak Fornzation 

Comanche Peak limestone.-A thick 
section of Comanche Peak limestone under- 
lies the Edwards formation. In the outcrop. 
it is a light gray very fine-grained slightly 
argillaceous compressed nodular limestone 
(calcilutite). Fine clay seams separate the 
compressed nodules. RIIicroscopicall>-. it is 
composed of clay-sized particles of calcium 
carbonate that are clustered into indistinct 
silt-sized grains (Pl. 29. -4). The cement 
appears to be crystalline calcite. Angular 
recrystallized shell fragments are fairly 
common. Small angular fragments of 
"original" shell material and miliolids are 
also present. 

Comanche Peak dolomitic limestone and 
post-lithification dolomite.-The upper 10 
to 15  feet of the Comanche Peak formation 
is dolomitic limestone and dolomite. Four 
feet below the contact nith the Ed~vards 
formation. the limestone contains 18  per- 
cent dolomite (table 3 ) .  The dolomite 
rhombohedrons are approximately 0.01 
mm in diameter and are concentrated be- 
tween the silt-sized grains t Pl. 29, B)  . 

The limestone becomes progressively 
more dolomitic toward the top of the for- 
mation ( PI. 29, A-D) . At first, the increase 
in abundance of dolomite crystals  bet^$ een 
the grains produces a more sharply defined 
granular texture. Ultimately, however. the 
original granular texture is destroyed. 

Large shell fragments are the last compo- 
nents to be dolomitized. 

The top of the formation is 87  percent 
dolomite and is almost indistinguishable 
from the overlying Edwards formation 
which is 100 percent dolomite (table 3, 
sample X ) .  The rock is brown in color 
and the nodular structure which is so char- 
acteristic of the Comanche Peak limestone 
is only faintly apparent. The dolomite is 
a loosely knit mass of small rhombohe- 
d r o n ~ .  It has a crystalline texture and ex- 
cellent intercrystalline pinpoint porosity 
(PI. 29: D )  . 

Edwards Fornzation 

Prinzary limestone.-Primary limestone 
is present at the top and near the west end 
of the outcrop (Pl. 31. It is hard cream- 
colored chalky fine shell debris (PI. 27, 
A ) .  

The poorly sorted shell debris is com- 
posed of fragments of "original" shell ma- 
terial and recrystallized shell fragments 
(PI. 28. A ) .  All are very angular. 

The matrix is fine-grained limestone. 
The texture is largely obscured, ho~vever, 
as a result of chalkification and reprecipi- 
tation of coarse crystalline calcite. 

Dolonzitic limestone and post-litl~ifica- 
tion dolorrzite.-The primary limestone 
grades into dolomitic limestone and dolo- 
mite in all directions as a result of post- 
lithification alteration (PI. 3 ) .  The grada- 
tion extends over either a short or a long 
distance. Samples S I 0.00 percent dolo- 
mite) and T (17 percent dolomite) are 
1 0  feet apart. The dolomite crystals are 
concentrated in the matrix of dolomitic 
limestones (Pl. 28. B ) .  As the dolomite 
content increases, the original texture grad- 
ually disappears (Pl. 28. A-C) . 

The dolomite is soft, massive, and micro- 
crystalline (PI. 27. B ) .  In general. the 
crystals are uniform in size and a.ierage 
0.01 mm in diameter. Crystals as large as 
0.04 mm are present, however. They usual- 
ly occur around the edges of pores (Pl. 
28, D ) .  

Intercrystalline porosity is very well de- 
veloped in the dolomite. It apparently de- 
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velops after the dolonlite content exceeds 
50 percent. Porosit!. which is ~7isil)le in  
thin sections does not appear to change 
until  this value is exceeded. 

Shell material is almost totally absent in  
the dolomite, but  molds of fossils and fos- 
sil fragments a re  very abundant iP1. 28, 
E 1 .  The upper part of the outcrol, is  a 
mass of molds of rudistids and caprinids 
~ v h i c h  are belie\-ed to have formed the core 
of a reef (PI. 3 1 .  The molds a r e  well pre- 
ser\.ed and, a s  fa r  as can b e  determined, 
there has been verl- little deformation of 
individual shells as a result of dolomitiza- 
tion. I t  is possil~le. ho~vever, that  the entire 
Inass of fossils has  undergone a change in 
1-olume as a result of dolomitizatio~i. 

Post-lith~ificatiorz calcitic doloi7tite.-A 
considerable par t  of the dolomite in this 
outcrop is cemented by secondary calcite 
~ v h i c h  was precipitated in the intercr~7stal- 
l ine voids. T h e  resulting masses of calcitic 
dolomite have very irregular shapes (Pls. 
3: 11: .4). They range in size from snlall 
concretions only a felt- inches in diameter 
to large masses several tens of feet across. 
The i r  contact with the dolomite is sharp 
11ut verv irregular i PI. 11: B )  . Pockets of 

doloinite and dolomitized rudistids occur 
in  thr calcitic dolomite. 

h e a r  the 80-foot mark (PI. 3 I .  the cal- 
citic dolomite is brecciated and oxidized 
to a pink color. Brecciation and oxidation 
a re  located near a ~ e r t i c a l  fracture that is 
present a t  this point. Brecciation appears 
to ha1 e occurred after dolomitization but 
prior to secondarv cementation. 

Cementation 11 as apparentl) controlled 
to some extent by p l i ~ n a r y  bedcling in the 
locks. At  the east end of the outciop. cal- 
citic dolomite is interbedded \\it11 dolo- 
mite. Belolt the maqs of dolomitized rudis- 
[ids, several concretions and one long bed 
of calcitic dolomite are elongated approxi- 
rnattly parallel to bedding GI the Cbman- 
che Peak limestone. 

The calcitic dolonlite is extremel>- dense. 
finely crystalline. and mottled shades of 
era!-. 11rown. and  pink (P1. 27. C ) .  Color 
1,anding along the contacts is common. 
Deposition of calcite in the intercr!-stalline 
voids reduced the porosity of the dolomite 
considerably. Porositv which remains con- 
sists of disconnected vugs and amall ir- - 
regular-shaped patches of intercrystalline 
porosity that escaped cementation. 

Table 3. Relative abundance of calcite. dolon~ite. and quart;. loccili~j. 14-T-8. 
Determined by X-ray diffiaction analyses. 

Calcite nod  dolomilc 
Saiuple number Cnlci le  Doloniite (total)  

-4 100 100 
Quartz 

3 

'" Fi f l een  feel below snnlple U. 



Dur ing  the process of pore-filling, many 
dolomite crystals were completely embed- 
ded in larger calcite crystals which occas- 
ionall>- grew in optical continuity with the 
dolomite I P1. 28, I; ) . Corroded crystal 
boundaries suggest that some dolomite was 
removed by  soluiion at the time of cemen- 
tation. h o t  much dolomite was lost, ho~v- 
ever. I ~ e c a ~ ~ s e  the original voids now filled 
with calcite appear to occupy approsi- 
matell- the same a rea  in  a thin section as 
do the voids in thin sections of adjoining 
dolomites. 

Chert.-Light gray irregular-shaped 
nodules of chert occur in the dolomite and 
calcitic dolomite. &ear the 175-foot mark: 

one nodule contains some silicified rudis- 
tids. 

T h e  chert in  this outcrop is generally 
lighter gray i n  color and has a more ir- 
regular shape than chest found elseu here 
i n  the area. Up to the present time. the 
origin of this chert has not been deter- 
mined. 

A small amount of silicificatio~l has 
taken place in  the primary limestone. In  
this limestone, a few "original" shell frag- 
ments are  partiall) silicified. Small hotry- 
oidal masses of chert occur in  the centers 
of the shells. Remnants of the original shell 
structure are still apparent. 



R E S U I W  O F  STRATIGRAPHIC A K D  LITHOLOGIC FEATURES 

O F  T H E  EDWARDS FORMATIOX 

The  Edwards limestone is  the upper- 
most  formation in the Fredericksburg 
group. From north to south, the Edwards 
limestone gradually replaces the Co- 
manche Peak limestone; howel-er. the 
regional trend may be reversed and the 
Comanche Peak limestone may locally re- 
place the Edwards formation. The Ed- 
wards-Comanche Peak contact is unques- 
tionahly gradational over a larpe area. but 
i n  a single outcrop it is usual1~- a sharp 
contact characterized by a marked change 
from very fine-grained nodular limestone 
below to well-bedded granular o r  rudistid 
limestone above. 

T h e  Edwards limestone is  overlain un- 
conformably b y  the Kiamichi shale in  
McLennan a n d  northeastern Coryell coun- 
ties. The shale pinches out along a line ex- 
tending from Gatesville to the  eastern cor- 
ner  of Coryell County (fig. 15).  South 
of this line the Edwards formation is over- 
la in unconformabl! by the Duck Creek 
formation. 

The  thickness of the Edwards formation 
I aries considerablv owing to the facies 
change into the Comanche Peak forma- 
tion. It ranges f rom a minimum of 15 feet 
north of Gates1 ille to a maximunl of 124 
feet near Moffat in Bell Count!.. Local 
variations in  thickness due to reefing have 
been observed i n  several places. 

REGI0X:AL ASPECTS 

T h e  most conspicuous feature of the 
Edwards limestone in this a rea  is the ex- 
tensive development of rudistid bioherinal 
a n d  biostromal reefs. Biohermal reef 
growth reached its maximum development 
i n  Bell, Coryell, and McLennan counties. 
South of these counties, reefs with a bio- 
hermal shape occur less frequently. Recon- 
naissance studies show that biohermal 
reefs are  either absent or very r a r e  in sur- 
face exposures of the Edwards formation 

in the vicinity of Austin and southern Wil- 
liamson County (fig. 15). In  these areas: 
the rudistid facies is biostromal and con- 
stitutes but a small part of the Edwards 
formation. 

Korth of McLennan and COY?-ell coun- . 
ties. the rudistid facies makes up most of 
the Edwards formation and  forms exten- 
sive biostromal rcefs. Though well-de- 
1-eloped biohermal ~ e e f s  a re  present a t  
least as far  north as Johnson County, there 
is a general tendency for the biohermal 
shape to be  less pronounced than in Bell. 
Coryell, and RIcLennan counties. In  ad-  
dition. reef and  inter-reef deposits are of- 
ten only poorly diffe~entiated. 

STRATIGRAPHIC .AND STRUCTURAL 

REL.ATIONS 

The true shape of the rudistid reefs in  
plan view is  unkno~vn. I n  Childress Creek 
and  the Middle Bosque River where the 
upper surface of the Edwards limestone 
can be seen, the rudistid facies forrlls a se- 
ries of coalescing mounds. All have only 
a few feet of relief and a re  probably noth- 
ing  more than small pinnacles on bio- 
stromal reefs of much greater extent. 

In contrast to the .i-ery limited informa- 
tion about thehorizontalshape of the rudis- 
tid reefs, evidence of the vertical shape is 
much more abundant. Biostromal reefs 
rang? in thickness from 1 foot up to the 
total thickness of the Edwards formation; 
reefs 45 feet thick have been measured. 
Some are very massive and exhibit only a 
faint trace of bedding but  others are sub- 
divided into many thin beds. The  latter a re  
usualll- the flank of a reef. Bedding may be  
either horizontal or slightly undulatory. 

Biohermal reefs range from a minimum 
thickness of 9 feet to a maximum known 
thickness of 55 feet. Biohernlal or bio- 
stromal reefs could be 120 feet thick near 
Moffat in  Bell Countp. 

As seen in the field. biohermal reefs ex- 
hibit considerable variation in  their struc- 
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EXPLANATION 

Reef. core R e e f  f l ank  Inter - ree f  
(?r?dominantly Koarse shell debr~s corr,posed o f  (3etr1:ol limestones 

,#,hole shells) wrole shells, fragmented shells, con?osed of f i n e  
and possibly thin beds of granular sheli debris and 
limestone or fine shell debris) ~ rons la r  limestone) 

Cher l  

FIG. 16. Schematic d iac ra~ns  sho~ving smoothly concentric I~iohermal reef ( A ) ,  flat-topped bio- 
Ilel.nlal reef and steeply dipping flank beds (R), gradation of reef into contemporaneous inter-reef 
sediments ( C ) :  coalescing i~iohernis ( D  i . a n d  1)iostronial reef ~i-it11 small biolierms on the crest ( E ) .  
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tu re  I fig. 16) .  T h e  reef core in  most reefs 
is ver!- massive. but in some it is broken 
b>- one or inore irregular growth surfaces. 
I n  places a series of coalesci~lg ~vell-bed- 
ded bioherms m a y  be seen in long outcrops 
(fig. 16, D) .  Close examination of the 
beds usually indicates that they have a 
fragmental texture. thereby suggesting that 
the)- are reef flank deposits. 

&lost biohermal reefs have a fairly sym- 
metrical shape. They are either smoothly 
conves up~vard  (fig. 16, A )  o r  flat-topped 
(fig. 16, B).  T h e  entire bioherm may be 
the  "time" equivalent of the biostronie and 
the  overlying granular  limestones i fig. 16, 
B ) .  The flank beds extend out fro111 the 
reef core at various incl inat ion up to a 
maximum of 35". 

LITI lOLOGIC FEATURES 

Eiohermal and  biostro~nal reefs are 
composed of a mass of rudistids and as- 
sociated organisms enlbedded ill a very 
fine-grained dense matrix. I n  gcneral. the 
matr ix of the reef core consists of silt- 
a n d  clay-sized particles of calcium car11o- 
nate. Patches of sand-sized parlicles also 
occur  i n  the matr ix but they a r e  not com- 
mon.  The rnatr is  cement, which may be 
seen only under  high magnificatioll, is 
crystalline calcite. 

T h e  flank deposits are  composed of 
poorly sorted coarse angular shell fmg- 
nlents and whole shells embcddrd in a 
nlatr is  similar to that in  the reef core. In  
places the flank beds have a lirleated fab- 
ric olting to orientation o i  large 1ra:mants 
a n d   hole shells parallel to the  17cdding. 
In many places it  is difficult, hol+-el-er, to 
determine whether this is due to sorting 
action of currents o r  lo the grorj-th habit 
of the organisms. Because the ~ s h o l e  fossils 
and  the fossil frasments a r e  closely 
packed, the reef flank sediments in many 
places appear to be more fossiliferou; than 
the reef core. Tongues of reef core ancl in- 
ter-reef sediments may be interbedded 
with coarse shell debris and, a s  a result. a 
s h a r p  line of delrlarcation can seldom be 
drawn between the reef flank deposits and 
the adjoining sediments. 

T h e  thin rudistid biostromes that estend 

ou tvard  from the base of the biohermal 
reefs are  lithologicall! similar to both the 
reef core and the reef flank deposits. Some 
biostromes a r e  o b ~ i o u s l y  fragmental and 
cannoL be differentiated from the normal 
reef flank deposits. Other biostromes ex- 
hibit I ery little fragmentation of the fossils 
and resemble the coles of biohermal reefs. 
There is little e l  iderlce of transportation 
of material in  an)- of the bio.tiomes. 
though in some. tliele is lineation of the 
la1 ger constituents. 

R E G I O X i L  ASPECTS 

The Edwards formalion in the vicinity 
of .Austin consists predominantl!- of well- 
l~edded  granular limestone, chert. and post- 
lilhification alteration products. To the 
north where the rudistid biohermal reefs 
a r e  del-eloped,? this facies is  res~ricted to  
thc inter-reef I~asins  and becomes more 
coarse grained. Tlir chert and f i n e - p i n e d  
thin-bedded limestones (calcilulites i that 
characterize this facies in  central Texas 
estcnd as fa r  ~ ~ o r t h  as a line that curves 
southeastward from Hamilton to Osage in 
COY!-ell County  here i t  then passrs into 
tl1c subsurface i f i ~ .  1 5 ) .  North and east of 
this line, the inter-reef facies consists pre- 
dominantly of granular limestone (cal- 
carenite) and shell debris. 

STRLTIGRAPHIC IUD STRUCTL R \L 
RCL \TIO\S 

The inter-reef seciiluents a r e  tharacter- 
i*ticall>- well bedded. Beds range flom a 
-felt inches to a felt feet in  thickness. 111 
g~11el.al. fine-grained limestones i calcilu- 
tites i are more thinll- bedded than coarse- 
?rained limestones I calcarenites and shell 
debris i .  Beds maintain a fairly uniform 
thickness in  the centers of the inler-reef 
area.. Near the reef.. however. the beds 

I 1 ) thicken rapidly as they grade into the 
reef flank deposits. 12) pinch out or thin 
o ~ e r  the reefs. or 13 i develol) a riodular 
structure as theJ- grade into the reefs (fig. 
16. -4-C). Long outcrops reveal the pres- 
ence of cross-bedding on a very large scale 
t fis. 16, E) . Alan!- il~dividual beds a re  
thinly laminated and cross-laminated. 



Inter-reef beds which onlap the reefs are 
often separated from the reef deposits by 
a small disconformit!-. In  many places the 
top of the reef beneath the disconformity 
is oxidized, case-hardened, and  contains 
bc re holes. 

Chert  in the inter-reef facies is both 
ncdular  and bedded. Most beds break up 
i n ~ o  nodules as the!- approach the reefs. 
Nc i ther  the nodules nor the beds estend 
i n ~ o  the  reef flank deposits. The contact be- 
tw :en the chert and  the surrounding limc- 
stc,ne is sharp and is marked b!- a thin 
z o ~ l e  of weathered chert. In many places 
thf laminations i n  thinly laminated lime- 
stones bend around o r  onlap protuhera~ices 
on the chert nodules in a manner xi-hich 
indicates that the chert was a rigid mass 
before lithification of the limestone. 

L I T H O L O G I C  I7E:iTURES 

Lithologically, the  inter-reef sedimelits 
a r e  composed of fine-grained limestones 
icalcilutites). medium- to coarse-prained 
limestones (calcarenites i . shell debris and 
chert. The  fine- t o  medium-grained lime- - 
stones a r e  ivell sorted. Individual particles 
tend to be ~rel l  rounded. However, all lime- 
stones become noorlx- sorted and i n d i ~  idual 
particles become more  angular near the 
reefs. 

Detrital material is composed primarilr- 
of "original" shell material, recrystallized 
shell f r a ~ m e n t s  that  are  surrounded b y  

"dust" rims. and opaque plains. T h e  recry- 
stallized shell fragments are most abundant 
in the medium- to coarse-grained lime- 
stones: opaque grains are  most abundant 
in the  fine-grained limestones. Minor com- 
ponents ii~clude oolites. micro-fossils. and 
small unidentifiable particles that appear 
to be  calcified sponge spicules. T h e  cement. 
when it  can be distinguished from the 
detrital particles. is clear crystalline calcite. 

FAUNAL a 4 ~ ~ ~ (  I LTIOS 

Though a detailed stud! of the fauna in 
the E d u a l d s  formation ha. not been made. 
the distribution of the major faunal ele- 
ments has been noted. It  is s imi la~  to that 
described by Young (1955 and  this 
volume). but faunal zones do not appeal to 

be  as sharply defined. I t  is possible. how- 
ever. that a detailed faunal study aould  
sholr the zones to be more distinct than 
has been noted. 

Cludophyllia occurs most abundantlj- at 
the base of the rudistid facies. It  appears 
to be more abundant a t  the base of the bio- 
hermal reefs than in the adjoining I~ io-  
stromes. but this o h s e r ~  ation needs further 
study to determine its T alidity. The  Clado- 
pl~yllin zone is gradational into the oxer- 
lying faunal zone. 

The  .llonoplez~ra-Tozrcusia zone overlies 
the Cladophyllia zone. IL  seems to be best 
developed in the middle of the reef core. 

Cm~rinuloidea. Eorrtdiolites, and Chols- 
drodonta form the uppermost faunal zone. 
The!- are  also the dominant organisms in 
the reef flank deposits. In these deposits 
the)- extend down to the base of the Ed- 
wards limestone a n d  are associated 11 ith 
C l a d o p h ~  llia. 

TI\ o other organisms I\ hich appear to be 
imeortant as indicators of the environment 
of dej~osition a re  Dic[?oconus walrzz~ter~sis 
a n d  the miliolids. Xeither has been found 
i n  the reef core. Diciyoconus occurs most 
frequent1~- in the rcef flank deposits. It is 
also a l~undant  in  coarse-grained inter-~eef  
sedime~it.. Miliolids are  confincd to the 
inter-ieef facies and in most places ale  
more  common in fine-grained than in 
c o a r s e - p i n e d  sediments. In  only a few 
 laces do they occur in great abundance. 

Shell material. including whole shells 
and  f rasmen~s .  is pleserlcd in a variet! of 
forms : 

( 1 )  \-hole shells and large f i a ~ m e r i t s  
that exhibit the original stlucture 
of the shell iP1. 30, A ) .  T h e  inner 
shell wall is composed of clear 
c l ~  stalline calcite. a n  early dlage- 
netic replacement product of the 
o l ~ p i n a l  shell material. The  shell 
substance of the outer wall has a 
ian or light gias  color in  thin sec- 
tions and on polished rock sulfates. 
\lost of the shell substance exhibits 
\ a ~ i o u s  types of internal shell stluc- 
t u ~ e s  that cha~acter ize the olgan- 
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isms. This  substance is considered 
to be the shell material u-hich was 
secreted b y  the organisms. The 
voids within the outer wall are filled 
with either secondarilj- deposited 
clear calcite or lime-mud deposited 
at the time of reef growth (P1. 21, 
-4) . 

( 2 )  Clear cr!-stallilte calcite casts of 
original shells I Pls. 14,; A ; 18. A ) .  
-4 complete gradation exists be- 
tween such casts and  '-orizinal" 
shell material. The casts a re  formed 
11y direct recrystallization of the 
"original" shell material. as shol\.n 
by a mosaic oi anhedral calcite 
superirnposecl upon the original 
structure of the shell (Pis .  15: G ;  
22, C ;  30. B ) .  and by  solution of 
the shell follo~ved by cavity filling 
of the mold i PI. 30, C I .  The end 
product of both processes can rare- 
ly be differentiated. Because direct 
recrystallization appears to he the 
more common proccss, clear crys- 
talline calcite casts a r e  fl.equc~ntly 
referred to as recrystallized shell 
material. This  type of shell preser- 
\-ation is  esl~ecially common in 
those outcrops which ha\-e been 
altered b!- chalkification. 

13'1 Molds of shells. With the ezcel~tiort 
of localit!- 50-T-6, well-preserved 
molds occur  almost excl~~sively in 
post-lithification dolomite i Pi. 28: 
E).  At localit?- 50-T-6, all grada- 
tions bet~veen molds and  calcite 
casts m a y  be seen (Pl. 30. C i .  

(4) Dolomite casts of shells. Thr inner 
shell wall of many rudistids ai  
localities 153-T-14$a a n d  154-T-16 
are  partially ref,laced b?- dolomite 
which is  believed to be  of diagenetic 
origin (Pls .  19. A: B; 30. F i . 

(5 )  Chalkified shell material. The  Fora- 
minifera and  many small shell frag- 
ments a r e  partially o r  completely 
altered t o  chalk (Pls. 18. F: 21, I:; 
30, G) . RIicroscopically. chalkified 
shell material consists of opaque 
microgranular calcite. 

(6) Silicified shell material. Locally, 

silica in  the form of chert arid clear 
anhedral quartz has replaccd the 
shells to form silica casts (Pls.  15. 
C ;  30, E ) .  

( 7  1 Silicified dolomite molds of shells. 
At locality l-1-T-1, chert fills the 
molds of fossils.in post-lithification 
dolomite iP1. 30. D)  . 

POST-LITHI~ ' IC.TIO EFI~CCTS 
Post-lithification alleration of the Ed- 

narcls limestone has occurred to some ex- 
tent throughout the area, but its effect is 
111ost ~ ~ r o n o ~ ~ n c e d  in sou~heastern Coryell 
and Bcll counties ~vhere the Iciamichi shale 
is absent. In these counties, post-lithifica- 
tion alteration has formed the following 
t?-l~es of rocks: chalk. crystalline limestonet 
silicified limestone. and dolomite. I11 adcli- 
tion. there has  been a considerable amount 
of solution of the limfstone. Post-lithifica- 
tion dolomite ?s discu~sed under the head- 
ing  "Occurrence oC Dolomite." 

Solution of the Ed~vards limestone has 
heen especially pronounced west of Belton 
a s  indicated b y  the TI-idespread occurrence 
of post-lithification alteration products and 
rstensively hone!-combed primary lime- 
stones. Colligan (~ 1951, pp. 32-33 ) noted 
that the limestone strata near Gelton Dam 
a r e  porous and  vuggy; but he concluded 
from bore-hole data and examination of 
surface exnosures that there is  no e~-idence 
of large continuous channels o r  cal es. At 
the same time, h o ~ i  e\ er. he shol \ed pictures 
of a n  excavated channel approximately 100 
feet long (Colligan. 1951, Pls. 20. 21 i . 

Honeycombed limestones a r e  plominent 
as  far  north as  Station Creek near Mother 
Keff Slate P a r k  in  Coryell County. Their 
occurrence is discontinuous, ho~vever. 

The  top of the  Edwards formation is  
locall!- rather vuggy along Bluff Creek and 
the Middle Bosque River i n  RIcLennan 
County. stalactites and patches of recrys- 
tallized limestone a re  frequently found be- 
iieath the overhanging bluffs along these 
streams. 

Most vuggy limestones a re  impregnated 
with iron oxide. and in many places soil 
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h a s  been carried several feet into the lime- 
stone to fill the vugs. 

CH.ALK AND CHALKY LIXIESTOXE 

Recrystallization of limestone to soft 
white microgranular calcite is referred to 
a s  chalkification. T h e  process tends to 
destroy the original texture and to reduce 
t h e  limestone to a mass of pulverulent 
chalk. This has occurred in only a few 
places, however. Pulverulent chalk is found 
most often in the Iciamichi shale. 

Chalks and chalky limestones occur 
most frequently in  areas of great relief. 
Localities showing the greatest effect of 
chalkification a r e  154-T-1, 50-T-6, 50-T-7, 
a n d  50-T-8. Fine-grained limestones 1 cal- 
cilutites) and shell debris appear  to be 
most susceptible to chalkification. In  
places, the base of the rudistid iacies is 
chalky: probably because the relati!-ely 
impermeable Comanche Peak limestone 
prevents ~vater f rom percolating downward 
a n d  forces it to move laterally, thereby 
increasing its ability to dissolve the lime- 
stone. 

Microscopically, chalk consists of micro- 
granular  calcite; i t  forms a d a r k  ground- 
mass that partially o r  completelj- ohlit- 
erates the original iesture of the rock. 
Chalkification is usual1~- accompanied by 
reprecipitation of some of the dissolved 
calcite. The reprecipitated mineral forms 
i r rep la r - shaped  anastomosing patches of 
clear coarse crystalline calcite. Contacts 
between these patches and the surrounding 
rock a r e  very indistinct. Large shell frag- 
ments in  chalk a r e  usually recrystallized. 

CRYSTALLISE LI3IESTONE 

Crl-stalline limestones occur almost es- 
c l u s i ~ e l y  in Bell County. These rocks are 
characteristically mottled shades of hron-11, 
yellow. and pink. They are  very hard  and 
dense and usually have a fine crl-stalline 
texture. Crystalliile limestones occur as 
beds. concretions, masses of coalescing 
concretions, and irregular patches. They 
a r e  vuggy. honeycombed, or nonporous. 
T h e  contact between these limestones and 
the surrounding rocks in most places is 
sharp but  is very irregular.  

Most polished rock specimens and thin 
sections of crystalline limestones reveal the 
texture of the original rock. I n  some. how- 
ever. replacement has destroyed the origi- 
nal  texture and the crystalline limestones 
a r e  composed of a mosaic of crystalline 
calcite. 

Field relations and petrographic evi- 
dence indicate that crystalline "limestones" 
were formed by  ( 1 )  secondary precipita- 
tion of calcite in  the interstices of granular 
limestones and dolomite without destroy- 
ing  the original texture of the rock (loc. 
14-T-8) .  (2)  recrystallization that partially 
o r  completely destroyed the original rock 
texture (loc. 14,-T-1). and (3 )  solution of 
the  original limestone followed bj- cal i ty  
filling (this process has not been definitely 
established; possible examples a re  the con- 
c re t iona~l -  horizon in the roadcut near 
Frank's  Landing west of Belton Dam and 
the crystalline limestone near the base of 
the Ed~vards formation south of 5Ioffat). 

SILICIFIED LIIIESTONE 

Silicified limestone and dolomite have 
been found only in  the vicinity of Belton 
and RIoffat. However. they a r e  known to 
occur in  the Edwards formation south of 
this area. 

S~condar i ly  deposited silica occurs in 
two forms: as medium to coarse crystalline 
quartz and as  microcrystalline chert. The  
latter forms the nodules at the top of the 
quar ry  at  locality 14-T-1 and was precipi- 
tated in the intercr~-stalline voids of the  
dolonlite. Medium to coarse crystalline 
quartz has replaced the original shell ma- 
terial and fills the interstices of the silicified 
rocks. The original textures a r e  still pre- 
served. 

Field and petrographic evidence indi- 
cates that dolomite originated a s  a primary 
deposit. a diagenetic mineral, and as a 
post-lithification alteration product. 

Occurrences of primary dolomite in- 
clude (1) beds of dolomite intercalated 
with limestone, (2 )  dolomite in  the matrix 
of the interbedded and laterally equivalent 
limestones. (3)  dolomite crystals in  chert  
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nodules in dolomitic limestones. and (4) 
dolomite crystals in chert nodules in non- 
dolomitic limestones. All a r e  found a t  
localit>- 14<-T-1. Actually, the matrix dolo- 
mite (item no. 2 )  is in part early diagenetic 
because it replaces some of the particles. 

Diagenetic dolomite occurs a s  fillings o r  
partial fillings of i 1') bore holes (locs. 154- 
T-1,  50-T-7), ( 2 )  pre-lithification cracks 
in  the matrix of reefs (loc. 154-T-16) ,  (3) 
interstices in coarse reef flank deposits (loc. 
154.-Te14.a), and  14,) the bod?- chambers 
a n d  shell walls of the fossils in reefs (locs. 
151.-T-16, 154-T-14,a i .  In  each of these 
occurrences, the  dolomite is surrounded by 
o r  interfingers lvith the clear crystalline 
calcite cement of the rock. There is no 
evidence of replacement of the surround- 
i n g  rock. These occurrences a r e  considered 
to be  diagenetic because the dolomite was 
emplaced after deposition but before lithi- 
fication of the host rock. 

Primary a n d  diagenetic dolomites are  
sinlilar in that they are composed of a 
tightly interlocking mosaic of dolomite 
cr?-stals. As a recult: the characteristic 
rhombohedra1 shape of the crystals is 
poorly developed arid there is very little 
intercrystalline porosity. I ron oxide com- 
monl!- surrounds individual crystals of 
diagenetic dolomite. The occurrence of 
i ron  lvith dolomite seems to be a charac- 

teristic feature of early diagenetic dolo- 
mite (Udluft, in Fairbridge, 1957. p. 158). 

Most dolomite in the Edwards forma- 
tion originated subsequent to lithification. 
It occurs as  both beds and irregular masses 
of dolomite that grade laterall?- into the 
adjoining limestones. It  also occurs as  in- 
dividual crystals or masses of crystals in  
the matrix of dolonlitic limestones as pre- 
viously described by Hanna  (1931, pp. 
47-55 1 .  The dolomite is characteristicallv 
very soft and is composed of a loosely knit 
nmss of euhedral crystals. Fossils in dolo- 
rnitized rocks a re  preserved as molds. 
With the exception of its occurrence in the 
rudistid facies along Bluff Creek. post- 
lithification dolomite is found onlv in Bell 
County. Regional studies have shalt-n that 
this dolomite extends into south Texas and 
is present only ~ v h e i e  the Kiamichi shale is 
.i e l l  thin o r  absent (Feray and >elson, 
1956). 

Along Bluff Creek. irregular patches of 
dolomitic limestone are found i n  the rudis- 
tid facies. Crystals of dolomite are also 
found along st! lolites in  the rudistid lime- 
stone. Both occuirences a r e  belieled to 
h a l e  originated after lithification. but the 
writer is-not certain whether dolomitiza- 
tion took place prior to o r  after deposition 
of the inter-reef sediments. 



GEOLOGIC HISTORY 

G E N E R . ~  STATEMENT In the present ~vriter's opinion. there is  
no question that rudistid reefs meet these T h e  seologic history of a n  area is a 
qualifications. This  opinion is  based upon s tudy  of geologic processes, their sequence, 

a n d  the relation of one to another. RIaliy evidence that ( 1 )  the orgallisms could con- 

processes were in\-olvrd in forming the struct a rigid frame~r-ork, (2)  they were 
able to do so i n  the zone of wave action: litholopic features of the Edwards forma- 

tion. Among these processes were organic a n d  ( 3 )  the organisms controlled their 
environment. growth: transportation and deposition of 

sediment. cementation. solution. replace- Rigid frameu'orX-.-xumerOus writers 

merit, and post-lithification cementation. (Palnler, 1928 ; Adkins, 1930 J Young, 

Organic growth Tvas unquestiollabl!- the 1955)  have discussed the morphology of 

forelnost in  developing the primary the rudistids and speculated upon their 

features of the ~ d ~ ~ ~ ~ d ~  formation. ~t led gro~vth  habit. They have shown that the 

to formatioll of the rudistid reefs ,,.hich in organisms grew attached to each other and 

tu rn  controlled the surrounding environ- therefore had the potential to erect a rigid 

l,,ent to a considerable extent. ~h~~~ reefs frame!\-ork. The  I\-riter has found speci- 

interested many geologists during m e n s o f  several rudistids attached to and 

recellt years and some have undoubtedly or ie~l ted parallel with a larger rudistid. 

questioned the classification of these skele- Polished rock specimens from reef cores 

tal masses as true reefs. ~t is pertinent: have shown individual rudistids crowded 

therefore, that the reasons for classif.i-iIlg SO closely together that their exterior shape 

then? as true reefs be examined. ,"as modified by  the adjacent organisms. 
Despite this evidence of an attached growth 

REEF DEFISITION habit. their ability to construct a true reef 

T h e  term reef has many meanings. In a is doubted by  some geologists. probably 

recent revie,,, of terminology of reefs because the effectiveness of the small point 

reef-]ike masses; I\;elson. Brown$ Brine- of attachment to anchor the organisnls is 

man , i n  showed holy I.aried questionable. This  is a valid question but 

t h e  concepts of the constitution of a the writer believes that even if the period 

reef. ~h~~~ writers expressed their con- of attachment was brief. it would not have 

cel,t of a reef and defined it as skeletal prevented the construction of a rigid wave- 

deposit formed b!. organisms possessing resistant structure. RIany rudistids are  

the ecologic potential to erect a rigid large and have very irregular shapes. The 
wave-resistant structure,,, a a irregular-shaped shells interlocked together 
baIlk Tias defined as ..a skeletal deposit could have formed a very rigid frame!<-ork 
formed by organisms which do not have even though the individual shells were un- 
the ecologic potential lo erect a rigid attached. In  addition, there is  good evi- 
wave-resistant structure." Skeletal lime- dence that the interstices in the reefs were 
stones Jvere defined as "deposits which filled and the reef was lithified almost as  

consist of or owe their characteristics to rapidl!- as the organisms grelv. These 
essentially in situ accumula t io~~ of cal- processes would have helped to rigidify 
careous skeletal matter." The writers' con- the skeletal mass. 
cept of a reef folloTr-s that of Lolcenstam Ez:ider~ce of zcave-resistance.-Growth 
(1950. p. 433) ,  defined a reef as of the organisms ~vi thin the zone of T\-ave 
". . . the product of the actively building action is clearly demonstrated. The fact 
and  sediment-binding biotic collstituents, that the reef cores (that part x i th in  the 
which. becaGse of their potential lvave- growth lattice) grade laterally into an un- 
resistance, have the ability to erect rigid, sorted debris of angular whole and broken 
~vave-resistant topographic structures.'' shells is not in  itself proof of wave-resis- 
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tance because fragmentation of the shells 
could have been accomplished by  preda- 
tory organisms below wave-base. Proof 
that  the rudistid reefs actually grew in the 
zone of wave action is based upon (1)  
lateral transition of thc reefs into well- 
sorted. bedded. and  cross-laminated granu- 
l a r  limestones a n d  ( 2 )  local disconformi- 
ties on  the crests of the reefs a t  localities 
154-T-1  and 50-T-7. It  may be  argued that 
local disconformities are not proof of reef 
growth but are actually evidence of erosion. 
This  is certainly true but it is extremely 
unlikel>- that reefs having such discon- 
formities could have been uplifted into the 
zone of wave action I and above sea level 
a t  locality 1544-T-1'l. eroded. and  then 
depressed below ~t a1 e-base without some 
evidence of the movement being dei  eloped 
i n  t h e  sediments. None is apparent. 

Grov  th in the zone of wave action is also 
suggested by faunal zonation i n  the reefs. 
Young  11955 a n d  in this volume) attri- 
buted this zonation to organic adaptationto 
m o r e  shallow-water conditions a s  the I eefs 
g rcu  upward. This  is a logical intrlpre- 
talion. In the writer's opinion. a benthonic 
fauna  vould be  most sensilive to changes 
i n  depth if it were lixinc in shallou nater.  
A fauna livine in  ~ t a t e r  10 feet deep. for 
example. \vould seem to be more sensithe 
t o  a \ ariation of 5 feet in depth than I\ ould 
a fauna  living in nater.  50 feet deep. I I  this 
vicu is  correct. the ~ u d i s t i d  reefs must ha le  
been foimed in sha l lo~\  water and i n   he 
zone of 11 ave action. 

Encironmental cotzti-01.-Evidence of 
local en1 ilonmental contiol by the rudistids 
is  demonstrated b v  the marked contrast 
bctu een the reef and  inter-reef facies. Uot 
only did the rudistids provide a source 
f rom TI hich the inter-reef sediments .it ere 
derived. but in doing so they established 
new en1 iionments T \  hich became inhabited 
b y  organisms that  otherwise might  not 
ha \  e lix ed in the area. 

Regional control of the environment by 
the  rudistids is not  quite so striking as their 
local control but, in  the writer's opinion, 
i t  is  just as certain. Regional stratigraphic 
studies have shown that the rudistid reef 
complexes in Earlp Cretaceous time Isere 

barriers between the basin and lagoon 
depositional areas. At \ arious times during 
the period, the barrier became so effective 
that it led to evaporite deposition in the 
lagoon. In addition. as will be sho~vn. a n  
extension of the reef comples into the 
lagoon served a s  a barrier that further sub- 
divided the lagoon into contrasting litho- 
facies. 

Considering all this evidence. there 
would seem to b e  little doubt that  the rudis- 
tids were true reef-building organisms. 

DEVELOPMENT 01: THE RUDISTID F.ACIES 
Regional studies of Early Cretaceous de- 

posits in southern United States and IIesi-  
co demonstrate that the rudistids and re- 
lated organisms formed one of the most ex- 
tensive reef coml~lexes in geologic history. 
I n  fact. if the reef complexes of the Trinity, 
Fredericksburg, and possibly the R-ashita 
groups are considered as a unit. it ~vould 
be rivaled in size and extent b y  few. i f  any, 
knort-n reef trends. Of this vast complex 
only a small part is exposed in the I'nited 
Slates. One part estends northwest~t-ard as  
a thin torlgue of the main barrier reef com- 
plex in Erazos and other counties to the 
south~t-est and is the subject of this paper. 

TRAXSGRESSION O F  THE RUDISTID F:ICIES 

.4t the beginning of Freder icksbur~  time 
a vast lagoon, herein named North Texas 
lagoon. covered north and central Texas 
(fig. 1 7 ) .  Sands iPaluzy)  were deposited 
i n  the northern part of the lagoon. and 
marls. shell beds. and nodular linlestones 
(W-alnut) in  the  southern part (fig. 13. A ) .  
The  southeast end of the lagoon terminated 
in the rudistid reef complex (Edwards) .  
With the passage of time, deposition of 
each of these lithofacies shifted north~card 
and  the rudistids began their transgression 
which did not cease until the close of the 
age  i fig. 17) .  

Because the west flank of the Tyler basin 
was the site of optimum environmenta.1 
conditions, the rudistids migrated to the 
northwest f rom the main reef trend and 
invaded the present area of reef develop- 
ment  by way of Williamson and other 
counties to the south. By the time approxi- 
mately 35 percent of the Fredericksburg 
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age  had transpired (assuming a constant 
rate  of deposition). the rudistids reached 
southern Williamson County where they 
formed thin biostromes (fig. 18. 6 ) .  Sedi- 
ments  deposited v i t h  them include bedded 
granular  limestones and chert. 

When the rudistids reached central Wil- 
liamson County, the!- hegan to I ~ u i l d  bio- 
hermal  reefs. T h e  reason for the change in 
forin of reef grolcth is unkno~vn.  The 
wri ter  can only speculate that it  was due 
(1) to an increased rat? of subsidence [or 
r ise  of sea level) that caused the rudistids 
to  grow upward rather than laterally or 
(2)  to a new combination of physico- 
chemical conditions. Biohermal reef 
g r o ~ r t h  reached its greatest develol~ment 
i n  Bell, Coryell, and  lIcLenna11 counties 
(Kelson. 194,9, p11. 92-94'). Iiere. the 
reefs are most sharpl!- delineated from 
inter-reef sediments. The reef complex that 
was formed now divides the North Texas 
l a p o n  into two lagoons which a r e  named 
Austin and Tyler. af ter  towns in thr i r  gco- 
graphic vicinity (figs. 17 ;  18, C )  . The Ed- 
w a r d s  limestone \$-as deposited in  the -Aus- 
tin l a ~ o o n ;  the Palux!-. Walnut. and Co- 
manche Peak formations in the TJ-ler la- 
goon. 

Xear the end of the ape when the rudis- 
tids had  reached the  approximate vicinity 
of Bosque and Hamilton counties. the en- 
vironmental conditions again changed. 
Apparently the change resulted in  more 
optimuill conditions. for the rudistids 
tended to secrete a more robust shell and to 
grow- laterally to form massive biostromnl 
reefs that constitute i~lost  of the fornlation 
from these counties northward (figs. 17;  
18; D i . Though biohermal reefs \$-ere a150 
constructed they were. in general, less pro- 
nounced and less sharply delineated from 
the  inter-reef sediments than in Bell. Cor- 
yell. and McLennan counties. I n  effect. the 
rudistids not only controlled their environ- 
ment. the!- dominated it. 

Thus. at the close of the Fredericksburg 
age  there rvere, along the site of the pres- 
ent-day outcrop i n  north and central Texas, 
three coextensive areas  of deposition which 
were characterized by  (1 ) a dominance of 
mechanical processes of sedimentation 

( the Austin lagoon).  12) a dominance of 
biological processes of reef formalion 
( the reef complex north of Cor>ell and 
McLennan counties).  and ( 3 )  a n  approxi- 
matel>- equal co-mingling of both processes 
(reef coniplex in  Bell. Corpell, and 3lcLen- 
n a n  counties). 

31 I l U E R  O F  RUDISTID TRANSGRCSSIOl  

I t  is evident f rom the stratigraphic rela- 
tions of the Comanche Peak and Ed~cards  
formations that the rudistids ill lnost in- 
stances advanced by recurring surges that 
quickl) populated a new area. Occasional- 
ly. h o ~ \ e ~ - e r .  they nloled but s l o ~ $ l ~  illto a 
neu aiea. as demonqtiated by  the occur- 
rence of individual rudistids in  the top few 
feet of the Comanche Peak limestone. Such 
invasions were the exception rather than 
the rule. Floods of lime-mud (Comanche 
Peak  and W a l n u t )  intermittently inun- 
dated the fauna and  temporarily halted its 
advance. In  places. the rudistids ]laused 
for extra long periods of time before the)- 
continued their inipration i ~ o r t h ~ c a r d .  as 
s h o ~ ~ m  11!- the abrupt  decrease in thickness 
of the Edrvards formation near Moffat. In- 
creases in thickness of the Edwards limc- 
stone in a norther1~- direction, T$ hich is 
counter to the normal trend. and  variations 
i n  thickness in  a n  east-~cest d i r e c ~ i o ~ i  sua- - 
gest that the fauna did not advance as a 
solid front but rather as a series of north- 
ward-probing tongues. I t  is very possible 
that the offspring of the rudistid and 
coral  fauna, like the oysters on the oil-reel1 
platforms in the Gulf of Mexico, Tvere car- 
ried northward b!- currents and estab- 
lishecl colonies well ahead of the main ad- 
vance. This is no more than a n  ol~inion. 
ho~iever .  because local variations in thick- 
ness ma!- also b e  explained b y  reef build- 
ing above the level of the surrounding sedi- 
ments and by pre-Kiamichi erosion of the 
Edwards formation. 

R E E F  G R O K T H  

The  initial deposit of the E d ~ c a r d s  for- 
mation throughout most of the area is 
rudistid limestone. I n  general, it appears 
to be an in situ accumulation of ~ r h o l e  or- 
ganisms. but locally it is made up  of a 



EXPLANATION 

Paluxy 
(N.Texas lagoon) 
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(Tyler' lagoon) 
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(Bedded limestone, biostromes, 
and chert in N.Texas lagoon) c+ 
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(Bedded limestone, biostromes, 
and chert of Austin laaoon) 
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FIG. 18. Geologic history of Fredericksburg age. A, Beginning of the age. B, Sedimcr~tation after approsimately 35 percent of the age llad passed. C ,  Sedirnenta- _, 
tion alter approximately 90 percent of the age had passed. D, Close of the age. w 
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coarse debris of ~ r h o l e  shells and  shell frag- - 
merits. However, the latter show very little 
evidence of trans1)ortation. In  places. the 
limestone does ha \  c a fabric that s u g e s t s  
solne sorting of the components by ual-es 
o r  currents. 

T h e  rudistids and  the associated fauna 
grew rapidly upward to form prominent 
hiohein1al reefs a t  numerous places. The 
Eac tor tontrollins o r  leading to fornlation 
of bioheimal reefs is unknown. but a pos- 
s ible  factor is suggestecl by the apparent 
distril2ution of the branching coral Clado- 
p l~ !~ l l ia .  It  appears to 11e more abundant at  
the base of the 11ioherms than i n  the ad- 
joining I~iostromes. Conceivably. it iormed 
a m a t  upon which the rudistids mere able 
to  g r o ~  rapidly aLo\-e the surrounding 
sedimctit;. As the fauna grew u p ~ \ - a r d ?  it 
graduall!- adapted itself to changing en- 
vironmental conditions in the manner de- 
s c r i l ~ c d  by Young ( this  volume).  

T h e  rate of biolierrl~al reef grol\-tll is 
L 

indetel mlnablc; usual11 it was ee.i era1 
timec a= last as the rate of accumulation of 
colitt.mj~oraneousl~- deposited inter-leef 
sedimei~ts. 

Faunal  and litholooic evidence oi" reef 
L. 

g r o v  th in the zone of I\ ave action has been 
presented. already. An approximatioil of 
the depth of reef g rou  th may be ol~tainecl 
by  collsidering t~ o 1liic.s of struc ttir a1 cl  i- 

i 1 I Evidence of subaerial exposure of 
the reef crests at localit)- 15-1-T-1. 
The most reasonable explanation 
for  this feature would t3lace the 
reefs in water  only slightly deeper 
than their thickness, which is 9 and 
11 feet. Under  this condition only 
a slight d rop  of sea level would be 
necessary to expose the crests of the 
reefs. A water depth of 1 2  to 15 
feet ~vould seem to be a reasorlable 
estimate for  the beginning of reef 
growth a t  this locality. 

( 2 )  If bedding planes in  the flank de- 
posits a r e  geologic "time" lines i as 
the writer considers them to be) .  
the greatest relief on a single ]led- 
ding plane is a measure of the min- 
imum depth of water that esisted at  

the time the bedding plane was 
formed. The  upper end of each bed- 

s A 

ding plane becomes horizontal as it 
passes into the reef core and shows 
that upward rwf growth had almost 
ceased when the bedding plane was 
formed. Because most reefs exhibit 
this feature. there must have bee11 
a regional controlling factor. On the 
basis of comparison with modern 
leefs, the ~\-riter believes that the 
surface of the ~ a t e r  prel enied fur- 
ther upward g ~ o w t h  and  the tops of 
the reefs ~c-ele. therefore. close to 
sea level. The  lower end of the low- 
est bedding plane usually marks the 
top of the rudistid biostrome flank- 
ing the reef. The greatest k1101\ n re- 
lief is  ap11rosimately 20  feet and 
the average thickness of the thin - 
biostromeo that extend out horn the 
I~ase of thc bioherms is a l ~ o u t  -1. fect. 
X depth of 11 ater of 2 5  feet ic  there- 
fore suggested for the beginning of 
growth of maill; reefs. Corlsidering 
the possible \ ariables that enter 
into this calculation. a range of 1 0  
to 30 feet I\ ould seen1 to be a rea- 
>onable estimation of the depth of 
11-ater a t  the beginning of reel 
growth. Ho~ve~-er :  the water could 
have been deeper in  the areas where 
the rudistid facics is ]nore than 5 0  
feet thick. 

The end product.  of organic growth in 
this area was a multitude of mounds or  
ridges each collsistillg of a rigid core and 
the surrounding flank deposits. In sen- 
eral, upward gro~vth  of the core was un- 
interrupted during the period of reef for- 
mation. There were brief periods when 
ph!-sical sedimentation replaced organic 
g r o ~ v ~ h .  but these interruptions were usu- 
allv confined to the reef flank. 

I11 contrast to the reef core \\ hich was 
formed almost exclusively by  organic 
grov th. the reef flank deposits were formed 
o r  modified b y  many processes. In  the 
wr i~er ' s  opinion, hoael-er, organic growth 
was dominant in  their formation. The flank 
of the reef is visualized as a zone in irhich 
modifying and destructive forces Icere al- 
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lied against organic gro~vth that  tended to 
expand the reef. T h e  total effect of all 
forces produced a group of rocks that have 
structural and lithologic features common 
to the  reef core a n d  inter-reef sediments. 
T h e  modifying and  destructive forces were 
shell fragmentation.  innow owing action of 
waves and currents, and compactio~l of the 
resulting shell debris. The writer believes 
that  predatory organisms probably played 
the  inajor  role i n  fragmentation of the 
shells. Petrographic studies have re\ealed 
the presence of shell fragments containing 

<el va- bore holes (PI. 21. D I .  Personal ob- 
tions of modern carbonate sediments in 
the  Gulf of Mexico have shown that pre- 
da tory  and boring organisms a r e  frag- 
menting. comminuting. and weakening the 
framel.iork or shells of carbonate-secretin? 
organisms. Along the reefs of the Florida 
ICeys. for example. one can seldom find a 
large shell or ~ i e c e  of coral that does not 

L. 

show evidence of boi ing by some oigan- 
ism. Similar obsei vations have been ie- 
pol ted many times i Gar diner. 1903  : Hcd- 
ley. 1925: Otter, 1907:  Ginsburg. 1953).  

Though  the reefs giew in the zone of 
w a r e  action. waves and currents pla\ ed a 
s r c o n d a i ~  role i n  the development of the 
reef flank deposits. Thev acted plimalily 
a s  aqents that sorted the sediments to some 

u 

extent.  innow owed o u ~  some of the fine ma- 
terial. and intermittentlv planed the sur- 
f a c ~  of the accumulating debris. thereby 
producing the bedding in the flank de- 
posiis. In the writer's opinion. the ahun- 
dance  of coarse poor1~- sorted unabraded 
shell debris embedded in a micropranular 
mat r ix  indicates that waves and currents 
did not deposit most of the sediment in the 
reef flank. Only a t  infrequent intervals did 
waves and currents sort the sediments and 
sweep lime-sands onto the growing reef. 

Coinpaction is  a process of lithification 
a n d  its effect in the  development of the reef 
flank deposits is discussed subsequentl>-. 

ORIGIN O F  THE MATRIX 

Many writers have discussed the origin 
of the  microgranular calcareous mud 
which forms the groundmass in  coarse 
fragmental limestones and covers much of 

the shallow sea floor in environments fav- 
orable to the deposition of calcium carbo- 
nate. The various opinions, which have 
been summarized by  Crickmay (1945, pp. 
233-2351 and Johnson (1957, pp. 180- 
1 8 1 ) .  include attrition of shells, biochem- 
ical precipitation, physico-chemical pre- 
cipitation. and disintegration of fine or- 
ganic  debris. This  study provides n o  
information as  to the origin of the fine 
particles. I t  indicates only that  the micro- 
granular  matrix, ~ i h i c h  is  so characteris- 
tic of the reef core and associated flank 
deposits, has a clastic texture and was de- 
posited as a lime-mud in the voids of the 
reefs. 

The  nlud apparently filled the voids in 
the reefs as rapidly as they grelu. There 
a re  no interstices lined with encrusting 
layers of crystalline calcite o r  with organic 
growth to suggest that the voids remained 
open for a long period of time. Many reefs 
a re  o ~ e r l a i n  by  medium- to coarse-grained 
limestones, but  only rarely does the lime- 
sand fill the interstices in the reef and then 
i t  does not extend fa r  into the reef core. 

12s a result of reef growth, numerous 
small basins of depositions were created. 
Seine may have been completely isolated, 
but  most were probably inter-connected. 

Lime detritus was ST\-ept inlo the basins 
f r o ~ n  the surrounding reefs. I n  hlclennan 
County and other counties to the north. the 
detritus consisted predominantly of lime- 
sand and shell debris. Similar sediments 
were denosited i n  Bell and Corvell coun- 
ties. 11ut lime-mud was also deposited. Beds 
and  nodules of chert formed in the fine 
sediments where the water was quiet. Usu- 
all>-. the detritus i n  the inter-reef areas is 
well bedded, well sorted, and frequently 
cross-laminated, thus indicating deposition 
i n  the zones of wave action. 

The  inter-reef sediments were deposited 
both contemporaneously with and subse- 
quent  to the reefs ~ v i t h  which they are in 
contact. Stratigraphic and petrographic 
evidence clearly indicates that some of the 
older reefs were lithified and even eroded 
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before the overlying inter-reef sediments 
were deposited (loc. 154-T-1). 

If the abundance of fossils is a measure 
of organic activity. the inter-reef basins 
were rather barren areas. Most evidence of 
organic ac~ivi ty,  either in the f o r ~ n  of 
fauna l  remains o r  bore holes, is concen- 
trated i11 the reef core and reef flank de- 
posits or on the depositional surface upon 
which the fine-grained inter-reef sediments 
were deposited. T h e  principal exceptions 
to this observation a re  the inter-reef basins 
where  chert is abundant  and localit!- 14-  
T-1 where there is a n  extensive bore hole 
zone in inter-reef deposits. Petrographic 
examination of chert nodules, which are 
believed to be of ~ ~ r i m a r y  origin, indicates 
that many nodules contain sponge spic- 
ules  ( ? i and other unidentified organic 
remains. The enclosing limestones also con- 
tain objects which appear to be  calcified 
sponge spicules. On the basis of these oh- 
servations, the writer believes that  sponges 
ma!- have lived in great abundance in 
those inter-reef basins where lime-muds 
were  deposited. 

ORIGIX O F  T H E  PARTICLES 

T h e  inter-reef sediments a r e  composed 
primaril>- of "original" shell fragments: 
recrl-stallized shell fragments. opaque 
grains ,  and ~nicrogranular  calcite. 3Iicro- 
fossils, macrofossils, sponge spicules ( ? ) , 
pellets. and oolites also contribute to the 
sediments, but they a re  important constitu- 
ents  i n  only very local areas. 

T h e  rudistid reefs are the ultimate 
source of the "original" shell material and 
recrystallized shell fragments. This is 
demonstrated b y  gradation of reef into 
inter-reef sediments and by similarit!. of 
the internal structure of "original" shell 
fragments to shell structures of reef-build- 
i n g  and  accessory organisms. The  similar- 
i t y  is often so close? the writer believes, 
that  one could frequently identify the par- 
ticular organisms from which the particles 
were derived if a detailed study of the 
structure of individual organisms were 
made.  

,The same cannot be said of recrl-stal- 

lized shell fragments. The belief that they 
were derived ultimately from the reef or- 
ganisms is based upon the fact that com- 
plete gradations between "original" shell 
~na te r ia l  and recrystallized shell material 
have been observed. Recrystallized frag- 
ments in the inter-reef sediments charac- 
teristically have "dust" rims of micro- 
granular  calcite. Three hypotheses are  
advanced to explain the origin of the re- 
cr!-stallized shell fragments: 

( 1 )  They a r e  recrystallized fragments 
of "original" shell material. Mosaic 
patterns of anhedral calcite super- 
imposed upon the prismatic and 
lamellar structure of "original" 
shell material clearly demonstrate 
that some of the grains have origi- 
nated in  this way (Pl. 30: B 1 .  This 
mode of origin is also shown by re- 
crystallization of shells of Rangia 
cuneata: a late Pleistocene or early 
Recent brackish-water pelecypod 
which has  been collected in  the 
Gulf of Mexico (Pl. 30. H i .  Both 
of these examples indicate that re- 
crystallization occurred in the solid 
state. 

( 2 1 They a re  I e c ~  ystallized opaque 
glains ( the oiigin of these grams is  
discussed subsequently). Complete 
gladations bet\\ een opaque g ~ a i n s  
arid recr) stall~zed shell fragments 
have been obserxed. This  hvpothesis 
applies to the small (fine sand- and 
silt-sized) I ecrq stallized shell frag- 
ments. I t  does not apply to the large 
~ecrystallized grains because ~ e r y  
few sand-sized opaque gi ains have 
been o b s e ~  ved. 

I 3 1 They may be  detiital grains derived 
flom break-up of the recrjstallized 
Inner shell J+ all. the calcite fillings 
of the xoids in  the outer shell \call 
of the rudistids. or both. This pos- 
sibility is indicated b y  the occur- 
r ence of a fel+ grains cornposed of 
parts of both ~calls. I t  is question- 
able, howexer, whether there was 
enough of this inaterial ax allable 
to form the great \olume of re- 



crystallized grains which occurs in 
the Edwards formation. 

There  are two ~ ~ o s s i b l e  explanations for 
the "dust" rim around the recrystallized 
grains:  

(1 ) hiicrogranular calcite accu~nulated 
on the particles during their trans- 
portation and deposition as  sug- 
gested by Cullis (1904, p. 402'1. 

(2'1 It is a d:sintepration rill1 f o r ~ n e d  on 
the "original" shell fragment prior 
to recrystallization. 

There  is no evidence that strong1~- fal-ors 
eithcr 11)-pothesis. The  occurrence of oolitic 
growth rings on the outside of the "dust" 
r ims PI. 26, D)  i n  one bed at  locality 14.- 
T-1 indicates that  the "dust" riills were 
present when the grains were still subject 
to current action. 

On the basis of the t!-pe and size of par- 
ticles. fine-grained inter-reef limestones 
Icalcilutites) a r e  subdivided into two 
types: i 1 )  a coarse-pained calcilutite 
coml~osed of opacjue grains, "original" 
shell fragments, and recrystallized shell 
fragments and ( 2 )  a \-ery fine-grained cal- 
cilutite composed of a dark groundmass of 
microgranular calcite. 

Opaque grains generally predominate in 
coarse-grained calcilutites. Possi l~le  modes 
of origin of the grains  are: 

(1 1 They a r e  chalkified "original" 
shell material. Complete gradation 
between "original" shell tnaterial 
and opaque grains favors this view. 
Known occurrences of shells alter- 
ing to chalk in  Recent and Pleisto- 
cene sediments also support this ex- 
planation. The  fuzzy outline of the 
particles suggests chalkification 
after deposition. The reefs were the 
ultimate source of these particles. 

(2)  They are chalkified shells of or- 
ganisms indigenous to the inter- 
reef areas. The  occurrence of chalk- 
ified nlicrofossils indicates that 
inter-reef organisms were the 
source of some grains. They are 
not considered to be a major  source: 
however. 

(3j They are  cemented or agglutinated 

microgranular calcite. Ill ing 
I 1954,, pp. 26-27) noted the oc- 
currence of friable aggregates of 
lime-silt in  the Bahaman sands that 
appear to be similar to the opaque 
grains. 

The  microgranular calcite that consti- 
tutes the very fine-grained calcilutites is 
lithologically similar to the matr ix in the 
reef core. Theories regarding the orisin of 
!fine lime-mud have been presented al- 
read>-. In  the writer's oljinion, the origins 
of the matrix and the very fine-grained 
calcilutites a re  probably close1~- related. 

Li thif i~at ion has been defined as 
(6 . . . that complex of plocesses that con- 
l e l t s  a newly deposited sediment into an 
indurated rock.'' i Pettijohn, 1957. p. 
648'1. \Iany post-depositional plocesses 
h a l e  left their i m p ~ i n t  upon the E d ~ i a ~ d s  
formation but onl! t ~ o .  compaction and 
cementation. seem to ha\ e been significant 
factols in converting the sediments to in- 
dulated lock. Of these. cementation v a s  
dominant. 

COlIP.iCTIOIV 

Except for locality 154-T-1, compaction 
was confined primarily to the reef flank de- 
posits. The accumulating debris of whole 
and fragmented shells compacted as  some 
material was winnowed out by waves and 
currents. In the process, man>- fragile 
shells were broken. thus compounding the 
effects of other a g ~ n t s  of shell fragmenta- 
tion. The fine-grained partially consoli- 
dated matrix also compacted and  developed 
numerous hairlike tension cracks. Sinlilar 
cracks have been attributed to shrinkage 
during dehydration (Crickmay, 1945. p. 
2371. This explanation cannot be applied 
to the Edwards limestone. If shrinkage 
alone were the cause of the tension cracks, 
they should be  as  abundant i n  the reef 
core and fine-grained inter-reef sediments 
as  the!. are  in the reef flank deposits. Petro- 
graphic evidence indicates that they are 
not. Compaction, combined with the win- 
nowing action of currents, is believed to he 
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partially responsible for inclination of the 
flank beds. 

There is no evidence of con~paction in 
the reef core a n d  relatively litt le in  the 
inter-reef sediments. Microfaults in the 
inter-reef sediments at  locality 50-T-7 sug- 
gest compaction, but  they a r e  limited to 
individual beds and  there is  n o  other evi- 
dence  of compaction. Limestone lamina- 
tions ~vhich bend around chert nodules also 
suggest compaction. However, the lamina- 
tions rnay also drape over the nodules as 
a result of initial deposition of the sedi- 
ment .  

Granular limestones (calcarenites) and 
shell debris of the inter-reef facies were 
lithified by precipitation of calcium car- 
bonate  from solution. The resulting cement 
is  a mosaic of c lea r  anhedral calcite. The 
fine-grained limestones (calcilutites) of 
the inter-reef facies and equally fine- 
grained matrix of the reef core and reef 
flank deposits a r e  presumed to have been 
lithified in a s imilar  manner. Under  high 
magnification, a fine reticulate network of 
calcite. which is slightly coarser than the 
fine detritus, is  sometimes barely percep- 
tible in these rocks and suggests that ce- 
mentation was brought about by  precipi- 
tation of calcite i n  the minute interstices. 

Richards and Hill  (1942, p. 63) showed 
that carbonate sands on Heron Cay are  
be ing  cemented hp aragonite in  the inter- 
t idal  zone. Emery. Tracey, and  Ladd 
(1954. pp. 148-149) concluded that ce- 
mentation takes place at or below low-tide 
level. Ginsburg (1957. pp. 95-96) believed 
that  cementation takes d a c e  in  those carbo- 
nates  that are ". . . subaerially exposed or 
i n  the zone of meteoric waters." T h e  pres- 
en t  study indicates that cementation oc- 
c u r r e d  very early in  the history of the 
rocks. This is demonstrated by localities 
154-T-1 and 50-T-7 where bore holes are 
present at the top of the reefs i n  the middle 
of t h e  formation. I t  is  doubtful that the 
bore  holes could have remained open if 
t h e  sediments h a d  not been semi-consoli- 
da ted  or completely lithified. T h a t  the reef 

a t  locality 154-T-1 was actually lithified 
before the overlying sediments were de- 
posited is indicated by the occurrence of 
bore holes filled with clear anhedral calcite 
into which the overlying limestone was 
compressed (Pl. 16, C ) .  

The environmental conditions under 
which cementation took place cannot be  
positively determined. The writer believes 
that it occurred i n  very shallow water. I n  
the reef a t  locality 154-T-1, cementation 
could have occurred in that part which was 
subaerially exposed while the remainder of 
the rudistid facies remained unconsoli- 
dated. Later, when the Edwards lime- 
stone Tvas uplifted prior to deposition of 
the Kiamichi shale. the entire formation 
could have been subaerially exposed and 
cemented. T h e  only alternative to this 
hypothesis, if one feels that cementation 
must take place under subaerial conditions, 
is repeated exposure of the sediments to 
the atmosphere as  they accumulated. In  
the writer's opinion it is unnecessary to 
appeal to this mode of origin for  the cement 
i n  limestones. T h e  environmental con- 
ditions necessary for calcite precipitation 
would appear to exist in very shal lo~c water. 
In  this environment. the carbon dioxide 
content of the water fluctuates considerably 
due  to temperature changes, agitation, 
organic activity, and other processes. These 
fluctuations could cause calcium carbonate 
in  the connate water to crystallize out of 
solution in the interstices of the sediment. 
This  ~ o u l d  probably occur a short distance 
belo~v the surface of the sediments where 
the particles a r e  not in motion. As noted 
previously, the Edwards limestone is be- 
lieved to have been deposited in  shallow 
marine water. 

I t  seems unlikely that the clear calcite 
cement was formed by recrystallization of 
a fine-grained matrix. Recrystallization of 
a n  original lime-mud has been noted by  
many writers (Skeats, 1903, p. 1 1 0 ;  Cullis, 
1904. p. 399;  Crickmay, 1945: pp. 238- 
241;  Fischer, 1953, pp. 50-51; Emery et 
al.? 1954, p. 8 9 ;  and Johnson, 1957, p. 
1 8 2 ) .  However, only Crickmay felt that it  
was a n  important process i n  lithification. 
Most writers (Cullis, 1904, p. 396 ; Bergen- 



hack  a n d  Terriere. 1953. pp. 1019-1028; 
Emery  et al.. 1954. p. 149;  Newell. 1955b, 
p. 3 0 8  : Myers et al.. 1956.11.19; C i n s b u ~ g ,  
1957. pp. 95-96; AIoore, 1957. p. 119) 
thought  that clear crystalline cement \ \as  
formed by precipitation of calcite o r  arago- 
nite f rom solution. The  following e\  idence 
indicates that the clear anhedral calcite 
cement in the E d a a r d s  limestone ]\as 
fo rmed by precipitation from solulion 
rather  than by  recrpstallization of an 
original fine-grained matrix: 

i 1 )  The calcite as deposited in  two 
stages. Dur ing  the first; it \ \ a s  pre- 
cipitated on the ~valls of the inter- 
stices; dur ing  the second. it filled 
the remainder of the voids. 

32) Contacts betveen cement and con- 
stituents a r e  generally very sharp in 
the medium- to coarse-grained lime- 
stones. 

( 3 )  The fine-grained matrix in  the reefs 
and the fine-grained limestones 
(calcilutites) in the inter-reef facies 
are not recrystallized except nhere 
there is  o b ~  ious disintegration 
ichalkification) as a result of 
I\ eathering. If an original lime-mud 
matrix could h a l e  recrystallized to 
clear calcite. i t  is reasonable to ex- 
pect that the  matrix in  the reef and 
the calcilutites in the inter-reef 
areas would ha1 e recrystallized. 

14) It is improbable that lime-mud 
~ + o u l d  b e  deposited with the well- 
rounded and  frequently well-sorted 
grains of the medium-grained lime- 
stones and  shell debris. 

15) A sample of a modern carbonate 
deposit has  shov n that cementation 
is a natural process of lithification 
and has produced petrographic 
features similar to features in the 
Edwards limestone. Plate 30. I, 
shows a shell agglomerate of Rangia 
cz~neata collected in  the Gulf of 
hIexico i n  approximately 75 feet of 
water. Rangia is a brackish-water 
pelecypod a n d  the shell agglomer- 
ate, therefore. is not indigenous to 
the environment in  which it is 
found. T h e  matrix is composed of 

comminuted shells. The cntiie mass 
of shells is cemented by cleai crys- 
talline calcite ~.i hich complete1.i fills 
some interstices tvhile 0111~ lining 
others with a coating of acicular 
clystals. h o  lime-mud is present. 
The environment of cementation 
has not been determined. The  speci- 
men is belieled to be  eithei late 
Pleistocene 01 early Recent in age. 

The  Fredericksburg age was brought to 
a close 13:- regional uplift (or  recession of 
the sea)  that exposed the Edwards liine- 
stone to subaerial veathering. L-plift ap- 
parently 1uas not great. for there is no evi- 
dence of pronounced crosion. The  ex1)osed 
surface was fairly flat and indicates that 
the inter-reef basins J+ ere filled to the level 
of the reef crests prior to uplift. Decrease 
of dips in successive1~- higher flank beds 
around the biohermal reefs shows that reef 
growth had ceased before regional uplift. 
Possible reasons for  arrested reef ~ r o l v t h  
a r e  i 1 ) the rudistids had reached the sur- 
face of the water and  could no longer grow 
upward or (2)  the rudistids Mere inun- 
dated by their own shell debris. In  a few 
places ieefs protruded through the sur- 
rounding sediments to form lorc mounds - 
around ~vhich succeeding formations were 
deposited. By the time the next formations 
w i l e  deposited on the Edwards formation. 
it  x a s  lithified and. in many places. com- 
pleteIj- altered to new types of rocks. 

POST-LITHIFICATIOS ALTERATIOX 
The  beginning of alteration of the Ed- 

wards limestone or  its individual compo- 
nents cannot be  sharply defined. Boring 
organisms, waves. and currents began t o  
destroy the rudistid reefs soon after growth 
started. Recrystallization of shell frag- 
ments apparently started before lithifica- 
tion and. locally, dolomite replaced the 
shell wall of the rudistids prior to complete 
lithification. 

After lithification and regional uplift, 
the Edwards limestone was subjected t o  
alteration throughout the area. Pro- 
nounced alteration took place south of the 
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pinchout of the Kiamichi shale in Bell and 
Coryell counties. This would suggest that 
post-lithification alteration is related to 
pre-Kashita exposure of the Ed~varcl i 1'  me- 
stone. However. Bell and Coryell counties 
a r e  also the location of the Balcones fault 
system and the  I+ ell-developed drainage 
system formed by the Leon and  Lampasas 
rivers. Both of these features co~lld have 
h a d  as much effect on alteration of the 
Ed[+ ards limestone as pre-Kashita ex- 
posule. 

Because only a ~econnaissance study of 
Bell and Coryell counties has been made. 
it  is  not possible to definitelj- associate 
post-llthification alteration products with 
the geologic features and processes that led 
to their formation. 1nsofG as uossible. the 
origi11 of the various secondary fratures of 
t h e - ~ d ~ v a r d s  formation has be'en discussed 
( ~ v i t h  the exception of the origin of dolo- - 

mile  vhich is discussed subsequentl> I .  but 
the time of origin has not been positivelj- 
established. 

Oxidation and case-hardening of the top 
of the Edwards limeslone clearly tool\ place 
before deposition of the Kiamichi shale 
and  Duck Creek limestone. 

Chalkification is going on today. as sug- 
gested by the close relationship hetv een the 
severity of chalkification and the amount 
of present-day topographic relief. Some 
chalkification coulcl h a l e  occurred prior to 
deposition of the Kiashita group. but it 
probably was not pleat. 

T h e  time of de l  elopment of cr! stalline 
limestones and  post-lithification calcitic 
dolomites is more  difficult to  determine. 
Cementation of post-lithification dolomite 
obviously postdates dolomitization. Simi- 
larly, recrystallization of some limestones 
took place after dolomitization of adjoining 
beds. Recrystallization apparentl!- resulted 
f r o m  percolation of ground water down- 
ward  t h ~ o u g h  the dolon~ite  and into the less 
porous limestone Tvhere the velocit!- of 
water  movement I\ as decreased. Recrystal- 
lization of the limestone then fo l lo~+ed .  The 
t ime of origin of crystalline limestones in 
nondolomitic areas has not been deter- 
mined.  

Solution of the Edwards limestone is 

most certainly going on today, a s  indicated 
by  the occurrence of springs at  the base of 
 he formation and  by the presence of stalac- 
tites beneath overhanging cliffs of the lime- 
stone. The time \\-hen solution of the lime- 
stone began has not been determined. 

The present study indicates that dolo- 
mite in the Edwards formation \\-as formed 
h>- primary and  diagenetic processes of 
deposition and  b!- diagenetic and post-lithi- 
fication alteration of pre-existing lime- 
stone. hIany theories have been advanced 
to explain the origin of dolomite. In  view 
of the excellent discussions of the dolomite 
problem (Van Tul-I. 1916, T\+.enhofel, 
1932, pp. 330-351: Cloud and  Barnes, 
1945, pp. 89-95 : and Fairbridge: 1957); 
the writer considers it unnecessary to pre- 
sent another revielv at  this time. It is per- 
Linent. however. to review recent studies 
x$-hich deal with modern carbonate sedi- 
ments, because only these studies can 
definitely proveor  disprove that dolomite is 
precipitated as  a primary rock-forming 
mineral. Many geologists have been hesi- 
tant to postulate a primary origin for dolo- 
mite. probably because dolomite had not 
been found in modern sediments. Cloud 
and  Barnes (194.8, 11. 92) , for  example. con- 
cluded that ". . . i t  is not advisable to as- 
sume a primary origin for a dolomite that 
can otherwise be  explained as  ~vell as the 
result of penecontemporaneous alteration." 
Even rliore recently. Fairbridge ( 1957, 11. 
161) concluded that dolomite ". . . is not 
found in rock-forming accumulations on  
the sea floor toda!-. or at shallow depth in  
Recent marine sediments." H e  noted. how- 
e.ver, that isolated dolomite rhombohe- 
d r o n ~ .  apparently authigenic, hal-e heen 
found in the deep sea environment (500  to 
2.000 fathoms) and in Recent intertidal 
deposits. 

In 1957, subsequent to Fairbridge's dis- 
cussion. the results of two studies pertinent 
to the origin of dolomite were published. 
In  the first study. Alderman and  Skinner 
(1957. pp. 561-567 ) conclusi~ely proved 
that dolomite is being formed today in 
Kingston Lake and in a shallow inlet of the 



sea in the South-East province of Australia. 
They noted that dolomite is also forming in 
other lakes in the area. Analvses sho~ved 
that the water in Kineston Lake has essen- - 
tially the same composition as sea nater. 
Their study demonstrated that ( 1)  the 
dolomite rhombohedrons possess no mor- 
phological evidence of organic origin. I 2)  
precipitation of dolomite in the !\atel is 
diiectl! ielated to the abundance of plant 
groF\ th. and (3 )  the T\ ater has a pH of 9.2. 
They ascribed the elel ated pH to planl 
grou th. 

The second studj  showed that dolomite 
forms as an early diage~ietic mineral in the 
sediments of the northv ester11 part of the 
Black Sea (Tageela and Tikhomirova. 
1957. ~ J I .  61-63). These writers concluded 
that dolomite is precipitated bj- a loner- 
ing of the carbonic acid content of organic 
acid. They also noted that pyrite is formed 
b y  miciobiological leduction of thc sul- 
fates. They classified both mineral, as pro- 
ducts of early diagenesis. It is interesting 
to note that pyrite is also associated with 
diagenetic dolomite in the Edwards for- 
mation at localities 151.-T-1, 154-T-ll-a? 
and 153-T-16. 

Both studies thus demonstrated that 
dolomite forms in an environment of re- 
stricted circulation ~vhich has an elel-ated 
pH. These conditions had been suggested 
previously by several writers (Pfaff. 1895; 
Uclluft. 1929; Koehler, 1931; and Linck, 
1937: in Fairbridge, 1957: p. 1 3 7 ) .  

Post-lithification dolomitization of pre- 
existing sediments has been described by 
man!- writers. I n  his excellent summary of 
the origin of dolomite. Fairbridge (1957, 
pp. 164-170) suggested that metasonlatic 
dolomite may originate under the follow- 
ing conditions: 

(11 -1 large amount of dolomitization does not 
take place on  the sea floor or  the seashore, 
I ~ u t  there is a considerable amount of fisa- 
tion of Mg-rich calcite. Later, this may be- 
come mobilized to form dolomite (p .  166) .  

( 2 )  Isolated crystals of authigenic dolomite 
have been found on the sea floor in deep 
7s-ater. They may have formed in situ by 
alteration of .\If-rich calcite or they may 
hare  been transported to the present site 
of deposition (p .  166) .  

( 3  1 In  the intertidal zone. Mg-rich calcite may 
alter to dololnite in warm water lvhere 

tliere is a high concentration of AIgf + 
brought about 11y increased alkalinity (p. 
166). 

(1) In  soft sediment:, metastable aragonite 
and Mg-rich calcite may alter to dolomite 
\\-lien they becollie l~uried providing there 
is an adequate supply of I\lg+.+ (pp.  167- 
168 1. Dolomitization takes place prefer- 
entially in the fine-grained sediments. 

( 5 )  Dolomitization may also take place after 
lithification as  .\If++-saturated lraters 
rirculate through permeable limestones (p .  
168 I .  Dolomitization probably \\.olild not 
take place if the liniestones lvere low in 
niagnesium. 

161 Dolomite ma)- form under continental con- 
ditions (p. 1691. The Mg+' ~vould be 
derived from pre-esisting doloniite. 

The present study and the review of pre- 
vious studies suggest to the writer that 
dolomite in the Ed~ ia rds  formation orig- 

manner: inated in the follol\-in, 
During deposition of the Edwards liine- 

stone. the mineral dolomite precipitated 
out of solution to form beds of dolomite in 
local areas (loc. 13-T-1, for example) 
where the alkalinity of the water was ab- 
normall!- high (greater than pH 9 1 .  The 
high alkalinity \+-as probably due to many 
factors: these are thought to be loss of CO? 
by elet-ated temperatures: and putrefaction 
brought about by restricted circulation 
and organic deca!-. 

Primary precipitation of dolomite also 
produced indi1-idual rhombohedrons 
which became dolomite detritus in border 
areas where lime detritus was being de- 
posited. In thcse border areas: dolomite 
also crystallized out of solution to form the 
cement and partially dolomitize the lime 
detritus. In effect. the dolomite lcas both 
primary and diagenetic with respect to 
deposition of lime detritus in the Edwards 
formation. 

Higlllj- alkaline ~nicro-environnlents 
were fornled in man!- places in the rudistid 
reefs and, in particular. on the upper sur- 
face of the reefs. These micro-environ- 
inents included tension cracks in the matrix 
of the reefs, bore holes on top of the reefs, 
the bod!- chambers of fossils, and the voids 
that \\-ere formed by solution of the shell 
walls of the fossils. Usually, only the inner 
shell ~vall was remol-ed by solution. This 
wall was co~nposed of an unstable mineral 
which Jvas destroyed either by solution or 
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]I! recrystallizatio11 to coarse cr! -ialline 
cdc i te  soon after lime-mud filled thcx reel 
interstices but before the mud was lithified. 
Dolomite crystallized out of solution in 
these voids. T o  date. the writer has  found 
17er!- little evidence to indicate that the 
alkaline solutions ~vhich  filled the 1-oids 
dololnitized the surrounding rock. Reduc- - 
ing  conditions apparently prevailed at the 
to11 of the reefs because pyrite nodule. are  
usuall\- found on  the reef surfaces. Strati- 
graphic evidence. ~ch ich  has  been pre- 
sented 11reviousl~-. indicates that the reef 
surface. on which thc micro-environments 
develorjed were fair ly  flat surfaces and 
were exposed to subaerial weathering for 
a n  unknown period of time. 

During the t ime of deposition of ihe 
K i a n ~ i c h i  shale, when the Edwards lime- 
stone was eilher exposed or  was covered 
b y  only very shallotv water, Mg+--bear- 
ing  waters circulated through the E d ~ r a r d s  
formation and dolo~nitized the  liniestones 
south of the area where the Kiamichi shale 
was dellosited. Dololnitization be-nan in the 

L 

fine-grained part  of the rocks. Fairbridge 
(1957. p. 14<7) su~ges ted  that dolomite 
preferentially develops in the lime-mud 
n e a r  coral reefs because magnesiuin is 
more  abundant i n  the interstitial mud than 
i n  the calcite lattice of the corals. He be- 
lieved that high-magnesium constituents 
serve as nuclei for  the growth of dolomite - 
crystals. This explanation may possiblS- ac- 
count  for the preferential occurrence of 
dolomite in the matrix of the Edwards 
limestone, but the present writer does not 
believe it is the 0111~- explanation. I t  would 
seem most probable that the matr ix was the 
most permeable par t  of the limestone and 
was. therefore, the path followed by the 
circulating fluids. Though the writer can- 

not clearly disprol-e that high-magnesium 
constituents served as nuclei for  cr!-stalli- 
zation of post-lithification dolomite in  the 
Edwards: it seems unlikely. Chemical and 
X-raj-  analyses h a w  demonstrated that 
many limestones2 1ithologicall~- similar io  
slightl!- dolomitic priniary lime: .tones. con- 
tain no magnesium or only trace amounts. 
I t  seems probable then that either high- 
magnesium constituents were not necessary 
for  post-lithifica~ion dolomitization of the 
Ed~j -a rds  limestone or that trace amounts 
were sufficient to initiate it. 

The  direct relationship between the ab- 
sence of the Kiamichi shale and the occur- 
rence of post-lithification dolomite. ~ \ - h i c l ~  
was pointed out and related to pre-Kashita 
(weathering (Feray  and Nelsoli. 19,561. 
most certainly exists, but the present 
writer suggests another possible relation- 
ship. I n  1956 the writer was unalvare of 
the possible occurrence of pr imary dolo- 
mite in  the Edwards formation. This  study 
has shown that dolon~ite, which is inter- 
preted to be of prinlary origin, does occur. 
I t  has been found a t  only one localit!- (14- 
T-1). but it  probably occurs in other 
places. The writer suggests that the pri- 
mary  dolomite ma?- extend sou th~sard  be- 
h ind  the main trend of the rudistid reef 
coniplex from locality 14-T-1. If so, i t  
could have been the source of magnesium 
for  later dolomitization a t  the time the 
Edwards was subjected to pre-Washita 
weathering. T h e  occurrence of dolomite 
(time of origin unknown) behind other 
reef complexes has been noted i n  the Glen 
Rose (Early Cretaceous) formation by the 
writer, in the Permian reef complex b y  
Newell et al. (1953, pp. 178-180). and i n  
the Triassic sediments of southern Tyrol by 
Ne-rvell (1955a, p. 1 0 5 ) .  
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APPENDIX. RIEASURED SECTIONS 

The f o l l o ~ ~ i n g  sections. all measured fro111 top to bot~om. are s h o ~ r n  11). locality number 
on figure 1-1. 

Localities 1-1-T-2, 14-T-4, 14-T-7, 14-T-9. and 14-T-12 were not used in this study. 

Local i ty  14-T-1 
Abandorzed railroad metal quarry approximately 2 miles ~ ~ o r t l ~ w e s t  of Beltor). or1 north side of road 

that parallels the G. C. 61. S. F. Railroc~d and just west of the road that crosses Belton Dnm. Bell 
County. 

This  locality is discussed on pages 52-59. 

Local i ty  14-T-3 
Roadcut  along the road that descends into the valley of tile Belton resercoir, 1 airline mile zcesl- 

southz~jest of ili'ofat, Bell C O I ~ I ! L ~ .  
Thickness 

(ieet I 
Edwards- 

10. White to light l~uff. tliick- to n~assil-e-bedded granular limestone and fine to 
coarse shell debris. The top of the  formation is oxidized to a brolt-11 color and 
lioneycombed. Tliougli the contact wit11 the overlying Duck C ~ e e k  is not es-  
posed, it is believed to be ciose to the top of the higliest exposed limestone 67.0 

9. Moderately hard.  buff, honeycon~ljed. thick-bedded. granular limestone. TIie 
lover  4 inches contains patches of hard. gray. fine-grained limestone ....... 2.0 

8. Hard, light gray, stylolitic, honeycoml~ed, microgranular limestone; the holes 
. . . . . . . . . . . . . . . . . . . . . . . . .  are partially filled wit11 limestone like the unit a11ove 1.0 

7.  lfoderately hard.  tliick- to maesive-Ijedded, fine- to medium-grained linlestone 
that is mottled light gray and  buff. Buff-coloretl ~nottlirigs are  soft and porous. 
T h e  lowest 8 feet is i~oneycoml~ed ............. . . . . . . . . . . . . . . . . . . . . . . .  33.0 

6 .  Extremely hard.  dark I)rown, thick-bedded, microcrystalline limestone. Grades 
dolt-nward to uni t  11elo\~ ........... ................. ................. ....... 6.5 

5. White, pulverulent clialk mottled \\.it11 11ro\vn clialk. The upper part oi  the 
unit contains nodules of the limestone above " - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3 

4'. Hard,  gray, thick-bedded rudistid lime: .tone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.0 
3. Interlaminated gray and b ro~vn  1nm.1 ........................................................ 0.5 
2. Hard, gray, medium- to coarse-grained conglomeratic limestone . . . . . . . . . . . .  5.0 

Comanclie Peak- 
1. Moderately hard,  gray. argillaceous. microgranular. compressed nodular lime- 

stone. Exposed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 91.0 

Local i ty  14-T-5 
Bluff o n  tile east s ide of Leon River, I airline mile d u e  west of Meorlor Groce, Bell County. 

Thickness 
(jeet ) 

Duck Creek- 
5. Very hard, gray, medium-hedded. splier~~litic, microgran~ilar limestone. Esposed 5.0 

Edwards- 
. . . . . . . . . . . . . .  4. Srery hard, light Zirol\-n. honeycoml~ed. microcrystalline limestone 2.0 

3. Hard. white, massi\-e rndistid limestone. This is the core of a bioliern~al reef. 
I t  grades laterally into shell debris and granular limestone. Beds dip away from 
the  core wit11 inclinations of 15' to 20". The base of the reef is not exposed. 
Exposed ........................................................ ........................................... 27.0 

2. Covered interval ....................................................................................... 3.0 - 5.0 
Comanche Peak- 

1. RIoderately hard,  liglit gray, argillaceous, microgranular. massive, coml~ressed 
nodular limestone. Tliis exposure is located 200 yards south of main esposure. 
Exposed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 3.0 

Local i ty  14-T-6 
Because of construction of Belton Dam and  flooding of tile area behind the dam. t l~ i s  locality is no 

longer accesiil~le. Prior to flooding, 41 feet of Edwards limestone and dolomite 1,-as measured. 
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Locality 14-T-8 
lionclcl~t on F .  1l.I. 1670 where roud descends into t f ~ e  calley of Stilll~oiise Hollozu Creek: so~~tht(iest 

of Belturz: Bell Coilrzl?.. 
This locality is discussed on pages 59-61. 

Locnlity 1g-T-10 
Prorr~irient bluJ jzrst rzorth of U .  S .  Highway 190: 2.6 miles eust o i  .Tolnntiille: Bell County. 

Thickness 
( f e e t )  

Ed~vards- 
10. Single I ~ e d  of very liard, l,rol\-n, microcrystalline limestone. Exposed ........ 1.0 
9. Soft, gra>--I~ro\\-n, thick-bedded! finely porouy. microcrystalline dolomite con- 

taining a fe\\- fossils .............................................. . . . . . . . . . . . . .  9.0 
8. Very hard? liglit I~uff? nodular. niicrocrystalline limestone; poorly exposed. This 

unit has  a limited extent for. laterally, unit 7 is in contact \vith unit 9. Rlazi- 
............................................................................................ mum tliicknecs 1.4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7. L i t l ~ o l o ~ i c a l l ~  aimilar to unit 9 2.8 
6. Soft, buff. granular dolonlitic ( '?) limestone . . . . . . . . . . . . . . . . . . . . .  1.2 

............................... 5. Hard, buff, tliick-bedded, fine- to medium-grained limestone 7.3 
1. Moderately liard, gray to light I~ufl, thin-beddrd. fine- to mediuni-grained lime- 

stone containi~ig a few foszils and gradational into the units nbole and 1)elo~r 1.3 
3. Ilard, gra)- and brown, thin-l~edded, fine-grained limestone interl~edded \\.it11 

. . . . . . . . . . . . . . . . . . . . .  soft c a l c a r e o ~ ~ s  shale and  sradational into the unit 1)elow 1.4 

Comanche Pcak- 
2 .  Moderately llard, mottled gray and I~ro\vn, ~narsive, niicrogranular. argillaceo~is? 

................ compressed iiotlular doloniitic ! ? 1 limesto~ie . . . . . . . . . . . . .  4.2 
1. b1oderatel~- 1131.d~ gray, tilick- to massive-l~edded, argillaceo~is, microgrannlar, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  compreaseti nodular li~nestoiie. Esposed 45.0 

Locality 14-T-l l 
Bliifi on the east side of Stan~pet ie  Creek, 1.6 n ~ i l e s  zc.es!-norrhrc~est ot n-'l~ite Hall, Bell County. 

Thickness 
( ieet , . 

Duck Creek- 
.... 6. \'cry liartl. liglit gray, microgl.anulai., nodular limeslone; poorl!- exposed 2.0 

Ed~vards- 
5, Hard. ~ i l ~ i t e .  massivelv bedded rtidistid 1ime;tone. Rase of unit is not exposed. 

Exposed . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  ............... 31.0 
. . . . .  1. Covered inter\al: l~elieved to I J ~  l<d\\-a1.d~ liineutorlr . . . . . . . . . . . .  12.0 

Comanche Peak- 
3. Moderately 1131 d, light gray. argillaceotis. iiiiciogi-anular. massi\ e. compressed 

............. nodular linieatone. Expo~eci  . . . . . . . .  3.0 
. . . . . . . . . . .  2. Covered intel.val . . . . . . . . .  . . . . .  . . . .  18.0 

1. Lithologically similar to uni t  3 . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.0 

Locality 14-T-13 
Cetlur Creek jiisl ic.c.\t of Stntc Highzc.cij. 317 bridge oter creek, Bell Co:irity. 

Thickness 
( i ~ e t )  ,. - - -  

Duck Creek- 
4. Very hard.  liglit gray, microgranular, nodular limestone. Esposeci ...................... 4.0 
3. Limestone as al~ove grading up into gray and 1111ff calcareous shale .ivliich con- 

tains nodule= of limestone ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.7 
2. T\ro beds ol  liinestone as above interbedded !\-it11 shale as  al~ove.  -4 shale bed 

2 inches tliick marks the base of the formation . . . . . . . . .  .................. 2.5 

Ed~vards- 
1. \'erv liard. ii-on-stained. ma5sive 1.11distid li~nestone. Pvrite nodules a le  

Locality 14-T-1-k 
Bliifi overlookir~g Belton reservoir. npprozimately 1.6 n~i les  due zvest ot  locality 14-T-3. Bell County. 
An ~inlinol\-n ainoiint of the upper  part of the Eli\\-artis formation 11as l>een removed by erosion. 

Thickness 
( j e e t )  

Ed~vai-ds- 
6. AIoderately hard, tan, massively bedded, lioneycoinbed, grannlnr dolonlitic(?) 

limestone. Exposed ........ .......................................................... 22.0 



5. Secondary limestone zone. Consist; of hard, b ro~ \ -n .  crystalline linieqtone and 
soft honeyconil~ed limestone. Patchrs  of brown calcite are common. Some of 
the original graniilar texture is still mident. T h e  contact ~vitli  the uiiclerlying 
unit is sharp; the contact with the overlying unit is gradual . . . . . . . . . . . . . .  .- 8.0 

4. Very hard, light gray. thick-bedded. finr-grained limestone ........ . . . .  5.0 
3. Harci. gray, nia~sively bedded ~ x d i f t i d  limestone. Tile unit is more fragmental 

at die top than  a t  tlir l~ot tom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.0 
2. Gray, massive. granular limestone. Gradational contact ~ t - i i l i  tile Comaii i~l~e Peak 5.5 

Comanche Peak- 
1. IIotIerately hard.  light gray: arpilli~ceous. massively l~cdded,  coinl?ressed nodu- 

. . . . . . . . . . . . . . - . . . .  ...... lar  linies~one. Exllozci ............. 18.0 

Local i ty  14-T-1.5 
Oi~~crc i l ,  ict hertd of creel; rzeiir coitrztry rocicl ic,est o! I,(:ri11 Rii.er i.crlley (zlld iiortli o l  State  Higliiccly 

36, 2.6 ccirlirie ~niles soritlie(c.st o,/ The Gro1.e. Corj.ell Colt~zty. 
A rudistid l~ioliermal reef 27 feet thick is exposed at  tlir lieat1 of the creek on tile west side of tlie 

road. T l ~ i s  is a complete section of tire Ed\\-ards lin~estone. Tile outcrop Ivaa not described. 

Loca l i ty  14-T-16 
Ronclci~t cit ioest end of .?t:i~c Hiphreay .76 hriclge oi;er Reltoll reseruoir.. Bell Coi~nty. 

Thickness 
( jeer 1 

Dnck Creek- 
8. Hard,  gray, microg~.anular, nodtilar lir~irstone. Exposed . . . . . . . . . . .  .... 3.0 

I<d\varcls- 
7. Hard. verv lirrlit crav. thick-bedded. s l i ~ h t l r  fos~iliferoiis. mic ro~ra~ i i i l a r  lime- , ., 

stone gradatiollal-into the uni t  l ~ e l o ~ r .  '~11; top of the limestone is pittrd and 
contains many limoiiite nodules . . . . . . . . . . .  . . . . . . . . . .  ...... 15.0 

6. Hard. n ~ a s s i v e l ~  I~edded rudistid limectone. Sharp  contact with thc Corna~lche 
.......... ....... Peak . . . . . . . .  . . . . . . . . . . . . . . . . . .  15.0 

Con~ancl ie  Peak- 
5. 1Ioderately 1ia1-d. 1e1.y light gray to cream-colored. ina~sively 1)edtird iiotlular 

limedone. Color is 1i:hter than the  norliial color of the Comanche Peak and 
the nodnlar structure is not a s  \\-ell de\-eloped. Chert nodules are  present 13 

. . . .  feet 1)elo~r the Ed~val.ds. Exposed . . . . . . . .  ..... 31.0 
. . . . . . . . . . .  4. Covered interval ........... . . . . . . . . . . . .  ...... 46.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. Litliology similar to unit 5 10.0 
2. I lard.  gray to tan. massively bedded. poorly sorted :ranular and conglo~neratic 

limestone becoming fine grained in u l ~ ~ e r  part of unit. Particles are ~rel l -  
i.ouncieci fragments of lossils. mo$t of ~\-hich are  unidentified. I'raqinents of 
Clndophyllia have heen fountl. Gradational contacts a t  tlie top ant1 l~ottorn of 
tile unit . . .  . . . . .  . . . . .  . . . . .  . . . . .  7.0 

1. 3Ioderately I ~ a r d .  light gray. argillaceoui. m a s ~ i v e l ~ .  l~edded. nodular limeqtone. 
l'xl~oced ..... . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  15.0 

Local i ty  14-T-I 7 
Roczilciit on road t f ~ c ~ t  tlesc~eiiils into the z.iclle?. of the Reltori reaerr:oir lieicr Hill's Bait Hoirse: ic1,- 

~ ~ r o z i m i i ~ e l y  2 miles due  irest o i  State Hip/!rc.cc~. 317 crrld rocith o! the rnoiit1i oj Cednr Creek. Bell 
Couiat? . 

One hiind~.ed ant1 ten feet of Ed\vards liincqtone is e\l?osrcl. On the 1,a.i. of the topograpl~y. 
another 10 lo 15 feet of ICd~vnl-d limestoiie is 1)elieved to be !liesent. 'Tile :t.i,tion has not I~een 
descril3rd. 

Local i ty  50-T-1 
Rocrclrltt ori r.ond to Il.h;ie ilccll. 2.2 miles rzori!i of Gate.si,iile .Si,hool for  1 3 0 ) ~ .  Coryell Coirrzty. 

T l r i r~knes~  
(feet i 

Duck Creek- 
4. \-el-!- llnrd. gra!-. nieciilim-11cddeci. mirrozranular. notliilai. liniestone. Esjiosed 3.0 

I(ianiic1~i- 
3. Soft illale mottleil gray and I)ro~\-n. Contain.; pscut lonio~.~~hs of l inioi~i t r  after 

pyrite . . . . . . .  . . . . . . . . .  . . . . . . . .  -I..$ 
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Edwards- 
2. Moderately hard, light gray to white, massively bedded rudistid limestone. Top 

of formation is oxidized to a brown color and case-hardened. Contact with 
Comanche Peak is sharp ...................................................................................... 16.0 

Comanche Peak- 
1. Moderately hard, light gray, argillaceous, massively bedded! microgranular. 

compressed modular limestone. Exposed ................................................................ 72.0 

Locality 50-T-2 
Roadcut 1 mile  ~~ortlz-northeast of locality SO-T-1, Coryell County. 

Thickness 
( f e e t )  

Edwards- 
3. Extremely hard, gray, thin- to medium-bedded. microgranular limestone inter- 

bedded with light gray marls and chert. The chert occurs as beds continuous 
through the entire outcrop, discontinuous beds, and nodules; it is generally 
black in  color. Exposed 15.0 

2. Alternating beds of moderately hard, light gray, thin- to medium-bedded lime- 
stones and  light gray, soft, thin- to medium-bedded fissile limestones or marls. 
Vertical gradations from one lithologic type into the other are the rule. The 
contact with the underlying Comanche Peak  is gradational and has been arbi- 
trarily placed at  the level where the massive marl below begins to assume a 
well-bedded character 7.0 

Conlanche Peak- 
1. Light gray, massive marl. Exposed ............................................................................ 4.0 

Locality 50-T-3 
Prominent bluff behind Pecan G r o ~ e  Baptist Church.  9 airline miles south-southeast of  Gatesville, 

Coryell County. 
Thickness 

( f e e t )  
Edwards- 

4. Moderately hard, very light buff, massive rudistid limestone thickening to the 
north; approximately 1 0  feet is exposed a t  the point measured ........................... 10.0 

3. Moderately hard, ~vltite, massive rudistid limestone thickening to the north. A t  
the point measured, this unit is 13 feet thick and contains several nodular chert 
beds which thin out and  disappear in the center of the reef .............................. 13.0 

2. Light buff, hard, massive rudistid limestone; the upper half of the unit is more 
..................................................................................... clastic than tlie lower half 7.0 

Note: This section of Edwards was measured on the southwest side of the bio- 
hermal reef where 30 feet of Edwards is exposed; all units thicken toward the 
center of the reef and are represented by approximately 50 feet of white, mas- 
sive, rudistid limestone which becomes more clastic toward the top. 

Comanche Peak- 
1. Moderately hard, light gray, argillaceous. massively bedded. n~icrogranular. 

compressed nodular limestone: the Edwards-Con~anche Peak contact is sharp. 
Exposed ....................................................................................................................... 

Locality 50-T-4 
Ford over Bluff Creek north of Osage, Coryell County. 

Duck Creek- 
7.  Very hard,  gray, microgranular limestone. Poorly exposed at bend in road just 

south of ford. Exposed ................................................................................................. 
Kiamichi- 

6. Gray and  l~rolvn, thinly laminated shale. 3lottled with white pulverulent chalk 
in upper 1.5 feet of unit ............................................................................................ 

5. Gray and brown, thinly laminated shale grading upward into hard, light gray, 
irregular-bedded limestone ........................................................................................... 

4. Gryphaea nazia bed. Comminuted shells are abundant. Kingena zacoensis and 
G. corrugate(?) also present. Shells a re  pitted and coated with a thin film of 
calcium carbonate ....................................................................................................... 

Edwards- 
3. Light gray, microgranular, very irregular-bedded limestone filled with bore 

holes that  contain Kiamichi shale ............................................................................ 
2. Light gray, thin-bedded, microgranular limestone. Beds are separated by thin 

Thickness 
( jeet ) 
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ar~illaceous limestones .................................................................................................. 1.5 
1. V& hard, gray, thin-bedded, microgranular limestone containing many large 

flat nodules of dark gray chert a t  top of unit. Exposed ............................................ 4.3 

Locality 50-T-5 
Groze Creek bed just mest of Meador Groze-Yhitson road bridge, 1.8 miles north of Meador Groze, 

Bell County. 
Duck Creek limestone overlies an Ed~vards rudistid reef. The top of the reef is case-hardened, 

oxidized to a brown color, and contains many pyrite nodules. 

Locality 50-T-6 
Vicinity o,t abandoned quarry on the south side of U. S. Highway 84 where the highway descends 

into che Leon River vaLLq, 3.3 miles east of the railroad station in Gatesville, Coryell County. 
Thickness 

(feet) 
Ed~vards- 

4. The Edwards formation is discussed on pages 44-46. -4pproximately 73 feet of 
Edxards limestone is present ........................................................................... 73.0 

Comanche Peak- 
3. Soft, white, massi\e. microgranular limestone grading upward into compressed 

nodular limestone haling a similar texture. T h e  contact with the E d ~ t a r d s  is .- - 
sharp ............................................................................................................................ 31.U 

2. Ferruginous limestone zone. This zone is made up of three extremely hard, 
ferruginous-coated beds of pelecypod shells and two beds of soft, buff-colored 
marl or limestone containing hard, white limestone concretions and mottlings 
of ~uhite, pulverulent chalk. The base of the unit is marked by a 6-inch thick fer- 
ruginous pelecypod shell bed that  has an undulatory upper surface. The  remain- 
ing two ferruginous beds are 2 inches thick; one is near the middle and the 
other at the top of the unit .......................................................................................... 3.9 

Walnut ( ? )  - 
1. Soft, buff-colored marl or limestone grading upward into moderately hard, 

white, microgranular, equidimensional nodular limestone. Exposed .................... 10.0 

Locality 50-T-7 
Roadcuts on U. S. Highway 84, 4.5 miles e a t  of the railroad station in  Gatestille, Coryell County. 
This outcrop is discussed on pages 46-50. Approsimately 53 feet of Edwards limestone is present. 

Locality 50-T-8 
Long roadcut on U. S .  Highway 84 on the zcest side of Greenbriar Creek, Caryell County. 

Thickness 
(feet) 

Ed~rards- 
10. The  Edwards formation is discussed on pages 50-52. -4pproximately 62 feet of 

Edwards limestone is present .................................................................................... 62.0 
Comanche Peak- 

9. hloderately hard,  light gray, microgranular, compressed nodular limestone. 
Bedding is poorly developed. A f e ~ v  rudistids a re  present in the top of the unit. 
Exposed ........................................................................................................................... 40.0 

8. Covered interval ......................................................................................................... 15.0 
7. Gray to buff-colored, thin- to medium-bedded, granular limestone ..................... 4.0 - - 
6. IIassive limestone similar to unit 7. Grades into unit below ................................ 5.3 

Walnut! ? ) - 
5. White to cream-colored, microgranular, chalky, massively bedded, equidimen- 

sional nodular limestone. Bore hole fillings(?) and fossil fragments (gastropods 
and pelecypods) are abundant. Gradational into unit belolv .............................. 6.5 

4. Gryl~liaea limestone. Grades into unit belo~v ........................................................ 1.0 
3. Similar to unit 5. Grades into unit belo~r .......................................................... 3.5 
2. Similar to unit 4, but fossils a re  more abundant. Grades into unit below ........ 1.5 
1. Similar to unit 5 but contains some Grypllaea in upper part. Exposed . . . . . . . .  27.0 

Locality 50-T-9 
Long roadcut OTL road that descends into Leon Riter valley, 3.8 mzles sor~th of Oglesbi, Coryell Count). 

Thickness 
(feet) 

Duck Creek- 
4. J-ery hard, gray, nodular, medium-bedded, microgranular Ilmestone. Exposed 3.0 
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Kia~iii(,l~i- 
3. Soft, grrenisi~-:ray shale mottled l r i t l~ TI-Iiite. I ~ i ~ l \ ~ e r u l e n t  c,I~alk. T11e shale lie- 

comes tiiiiily laminated and  oxidized neiir tlie top. Limonite occiirs as mottling.. 
...... along s e a i n .  and ljet~c-een the lamination- in tile shale . . . . .  1.5 

Ed\\-a~.ds-- 
7. Hard, ri.eani-colored, thin- to massive-bedtlrtl. ~ioorly sorted fine and coal.ie 

shell del~ris .  Some beds of ~1-an11lar l i r n e ~ t o n ~  are also prccent. l ' l~e  top of the 
. . . . . . .  fortnation ic case-hardened and iron ~ t a i n e d  45.0 

Co~l ianr l~e  Peak- 
I. lIoderatel>- Iiard, very light gray to rrean-colored, massive c,o~nlirwsrd nodula~.  

. . .  limestone. Sliarp contact \\-it11 tlie Ed~vartls. E x p o ~ e d  27.0 

Locality 50-T-10 
Rocidcrrt 071 T - .  .5. Hiahwny 84. 2.3 n7ile.s west o j  ii~ter.s~ction of tiicit highzny nnd F. .TI. 105 north- 

west o j  Oglesby: Cor>.ell Coz~~ity. 
Thickness 

( i r r t  ) - -. 
Dlick Creek- 

3. Very hard. l igl~t  gray, nodillas micrograniilar limestone. One and one-fourtl~ 
feet above tile 11ase of the formation is a thin I ~ e d  of light graJ- to l~ro\vn shale. 
Exposed ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 

Kiamichi- 
7. Inter lan~inatrd greenish-gray arid )-ellolrish-l~i.o~\-n shale mottlcd \\-it11 white. 

pulverulent c l~alk gradins up\vard into l i g l ~ t  gray marl 1%-l~irh is iron stained 
and mottled ~ r i t h  white pulverulent chalk. Tile clialk makes up  a large portion 

. . . . . . . .  of the upper  part of the  formation . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Ed]\  ards- 

1. Hard. l i o l ~ t  rrnv. thin- to medium-bedded r ran i~ la r  limestone. ?'he ton of tlie 
limestone contains bore lioleq and is iron s ta~ned .  case-ha~denrtl.  'ind c.ontainc 
limonite eonel etions 6.5 

Locality 50-T-l l 
Roiitlcut  or^ 1 . .  .?. Highruc~y 84 ic.11ere l~ighruuy ( I E S C E I ~ ~ S  into the ~ ( i l l e ~  of Coryell Cree!:. Coryell 

c o i / f ~ l ~ .  
l'l~ickness 

(ieet ) 
D11c.k Crc2c.k- 

14. Very hard. gray. n~icrograniilar nodrilar limrstone. J<sposcd 3.0 
Kia~nic.l~i- 

13. Soft: gra>- and 1)ull-colored ahalp. Scction not rnrasi~red in di,tnil 3.5 
Ed\iai.ds- 

17. T'ery hard.  I~roIrn: case-hardrnrd, fine-grained limestone containins many spe(,i- 
mens of Chorldrodontn. .4ll s ~ j ~ c i m e n s  a1.p oriented parallel to ;he I~cdd i l~g .  
Limonite concretions are  al~undant. This I ~ c d  pinches out laterally 0 - 1.0 

11. White, chalky. massive 1.11distid lin~cstone. Eorc~diolites arid Clrondrodo7ltci 
appear to l ~ e  most a1)undant fo~.n~s.  Most arc  l~roken l ~ u t  not a l~radrd.  The>- are  
preserl-ed as "original" sliclls and calcite casts. Tlie matrix is finr lime detriiiis. 
The top of this unit has 1 foot of relief on it. Tile upper Iialf of thr ntrit Iias 
incipient to I\-ell-developed l~ rdd ing  j~lanes. Beds are 1 to 3 f r r t  hick.  Exposed 3.0-24.0 

10. Covered interval ......... ... 2.0 
9. Interbedded buff-colored grcir~ular limestone arid marl. Thin to inrdiurn l~eddeti.  

Esposed . . . . . . . .  3.0 
8. I-Iard. crra~n-colored, rnassi~-e. ;~.anl~lar  lin~estoiie and fine s11elI tiebris. Grada- 

tional into nnit helo~e. T h e  to11 of the nnit is convex u p ~ r a r d .  1,111 tile t11ic.knrss 
. . .  . . . .  of the unit is uniform across t l ~ e  outcrop 2.5 

7. Soft; biiff-colored marl containin-. some fragments of rndist i t l~ 0.9 
6. Hardl wliite ri~distid limestone. The upper 11ai.t of the unit is ino1.r fragmrlltal 

and massive than the lox\-er part. The lo\\-er part rxl~ibi ts  inci~iient l~edding. T l ~ c  
l ~ r d s  a re  sligl~tly undu1atol.y and range from 6 to 10 inches in ~Iiickness 11.0 

5. Single n1assi1-e I ~ e d  of lirncstoi~e similar to unit al~ove. SharI j  rontart I)elo~c- 2.0 
C:o~nanche Peak- 

1. Moderately hard, light zra>-. n~assi\-e, micro~r,ini~lat.: co~nj~~.c.bsi-cl nodular linie- 
stone. Grades do~rnxvard into tile unit I)clo~\- 11.0 

3. Very soft. liglrt gray, massive mirrograniilar limestone \c-lrirli contains several 
discontini~ous and slightly liarticr micrograriiilal- limeslone I r d s  14.0 

2. Ferruginous li~nestone zone. Three estrernely llard, ferruzinou~-coated, pele- 
rypod s l ~ e l l  l~eds  are separated 11)- two 1)ecIs oi  soft, I~nff-coiorrd. niicrogranular 
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Locality 50-T-15 
Roadcut on. t h e  norti1 side o f  t h e  ralley o f  t h e  South  Fork of Midd le  Bosque R i ze r ,  2.3 i,ziles due 

north of Coryell, Coryell County. 
Approximately 42 feet of Edwards limestone is present in the roadcut. Ho~vevcr, Ijecanse the lime- 

stone is poorly exposed, it has not been described. 

Locality 151-T-1 
Santa Fe Railroad cc~t on southeast side of Valle?. ~ l l i l l s .  Bosque Coic~z ty.  

Tile Edwards limestone ranges from 17 to 20 feet in ti~ickness at  this locality. It is disci~ssed on 
pages 39-43. 

Locality 154-T-2 
Xoadcut 1 mi le  r ~ o r t l ~  ot Crazuford or2 Stc~te  Highrttrj 317. McLennan County. 

, . 1 llickness 
i f e e l )  

Duck Creek- 
11. Very hard.  gray, microgranular. medium-l~edded nodular limestone. Exposed 4.0 

Kiamichi- 
.......................... 10. Brown sliale mottled with piilverulent chalk at  the top 

9. Light gray. fine-grained, nodular limestone interbedded ~vitli  bro~vn, slightly 
sandy a n d  shelly shale ........................................................................ 

8. Dark gray slightly sandy fissile shale. Sharp contact xvitli the Ed~sards  lime- 
stone . . . . . . . .  ....................................................................................... 

Ed~rards-  
7. White to light gray, massiwly bedded, \-el.\- iossiliferous gl.an11lar limestone. 

The top of the limestone is oxidized, case-hardened, a n d  contains bore holes 
filled \\-it11 Kiamichi shale ...................................................................... 

6. White to light gray, medium to massively bedded, fine- to medium-grained 
limestone. Beds are cross-larninated a n d  composed of "original" shell particles. 
recrystallized sliell fragments (predominant) .  and opaque grains. Generally 
~ r e l l  sorted. but patches of coarse granular to fine shell deljris limestone are 
present. Elongated grains are oriented pal.allel to cross-laminations. Cement 
is clear crystalline calcite. Limonite concretions a re  abundant  in the top of 

.......................................................................................... this uni t  
5. Gray, massive. microgranular limestone composed predominantly of well-sorted 

opaque grains. Cement is crystalline calcite (PI .  13: D )  ................................. 
4. Soft, gra)-. argillaceous, microgranular nodular limestone ................ 

3. Hard, light gray, granular limestone. Contains bore holes filled ~vitli  brown 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lime-sand (dolomitic?) . Pincl~es out laterally 

2. Massive rudistid limestone. Composed of a mass of fossils and fossil fragments 
embedded in a very fine-grained matrix. Fossils are preserved as "original" 
shell material and calcite casts. Lower part  of ljiostrome is con~posed predomi- 
nantly of Eoradiolites: upper part is largely Caprinuloidea. Dictyoconus 
loalnt~tensis is very abundant .  Ilolomitic in  patclies. Body chaml~ers  of Capri- 
nuloidea are  filled js~itli brown lime-sand !dolomitic?). Sharp contact wit11 
Comauclie Peak limestone ...................................................................... 

Comanche Peak- 
1. Light gray. argillaceous. massively bedded. microgranular: compressed nodular 

limestone. Exposed .................................................................................... 

Locality 154-T-3 
Roadcut west o! crossing o f  Midd le  Bosque Ricer  in ! t lcLennan Count!.. ap[~roxinlutel,  

nziles southzuest of Valley Mills,  Bosqzie Cou,nty. 
Ease of measured section is 67 feet aljove level of ford. 

Kianiichi- 
7. Soft gray sliale. Only the basal few inches is exposed a t  the top of the hill 

Thickness 
i i ee t )  

0.5 
Ed~iards-  

6. White to light cream-colored. medium- to thick-bedded, vuggy. fine and coarse 
sliell del~ris .  Whole fossils are common. T h e  top of the formation is oxidized. 

................................................................ case-hardened. and pitted 13.0 
5. Cream-colored. thin- to medium-hedded, 7s-ell-sorted granular limestone. This 

unit and  unit 7 form the prominent beds exposed along the top of the bluff 10.5 



Edwards Symposiunz 

4. Ha1.d. light gray, fine-grained limestone alternating 1vit11 beds of marl  and soft! 
fine-gained limestone. Thin to thickly bedded. A t  approximately 8 feet above 

..................................... tlie base of this unit,  the grain size increases sliglitlv 22.5 
3. Light gray, argillaceous, ~nicrogranular. nodular limestone. Grades into unit . 

a h \ - e  ........................................................................................ 6.U 
2. Ri~dizt id  limestone. Vliole a n d  I~roken fossils in a ~nicrogranular matrix. 

Sharp contacts wit11 units above a n d  belo\\. ........................................... 4.0 

Comanche Peak- 
1. Light gray, argillaceous, microgranular. massive, con~yiressed nodular limestone. 

Exposed ........................................................................................ ....... 7.0 

Loca l i ty  154-T-4 
Blz~ff o n  tile rlorth side of the h'orth Bosqiie River, 4.3 airline miles dzle enst of Valley ~ l l i l l s ,  

Bosque Coz~u  ty. 

Thickness 
( j ee t )  

Ed~rards-  
2. E"11ite. soft? c l~a lky .  massive rudistid limestone. The  contact ~ r i t l i  the Colnanche 

Peak  is sharp. T h e  contact ~ \ ~ i t l i  the Kiamichi is not esl-iosed. Exposed ............ 13.0 

Comanche Peak- 
1. Light gray, argillaceous: microgranular. massive nodular limestone. Exposed .... 13.0 

Loca l i ty  154-T-5 
Prominent bluff on the  nort11 side o f  tile !Iliticlle Bosqite Rirer just west of' tile Santa Fe Roilrootl 

bridge: 1.2 miles north of Crct!cjord: McLeizncln County. 
Thickness 

(!eel) 
Edwards- 

4.. Hard. buff-colored. medium- to thick-l~edded crranular limestone r r a d i n ~  11x1- - - A 

xs-ard into shell debris. Esposed ................................................... 15.5 
.............................................................................. 3. Covered interval 4.3 

2. Hard.  medium- to thick-bedded rudistid lirnestone. Sharp contact 7,-it11 Co- 
manelie Peak. 1';xposed ......................................................................... 5.0 

Comanche Peak- 
1. Liglit gray, argillaceous, massively 11edded compressed nodular limestone. 

Exposed ................................................................................................... 20.0 

Loca l i ty  154-T-6 
Vertical blz~i,? at bend i n  Tonk Creek, 0.5 ~ i ~ i l e  above t h e  mouth of the  strean! cind 1.5 miles east- 

southeast o! Crawford, McLennan County. 
Thickness 

l f p r t  i ,, ---, 
Edwards- 

3. V-hite. l~oneycornbed. medium- to thick-l~edded fine and  coarse shell debris (PI. 
13. C i .  The top of the formation is not exposed but is believed to be less than 5 
feet above highest esposure of limestone. This is suggested by tlie presence of 
t h e  treeless hand  xYhich corresponds to the distribution of tlie Kiamichi shale. 
Top  of limestone is iron stained. Esposed ..................................................... l3,O 

2. P'hite to cream-colored, well-sorted. medium- to tllicli-Ledded granular lime- 
stone xrliicli grades into tlie units above and below (PI. 14; D ) .  Particles made 
u p  of "original" sllell material, recrystallized shell fragments, and  opaque 
grains. Cement is crystalline calcite ......................................................... 10.0 

1. I-Iard. cream-colored. thin- to massive-l~edded fine-grained limestone. This unit 
is similar to uni t  5, locality 154-T-2. The base of the  unit is not exposed: it is 
estimated to b e  near  the bed of the  creek. Exposed ............................................. 16.0 

Loca l i ty  154-T-7 
Blu f f  at the  head of a small stream north o j  the North Bosqlie River, crpprosimntely 4 airline 71iiles 

due west of C11ina Springs, !llcLennar~ Count>,. 
Thickneb, 

( f e e t i  
Edwards- 

I?. Hard. ~vliite to very liglit gray, n~assi\.e rudistid limestone. Sharp contact 11.itll 
Comancl~e Peak.  Tlie contact with the Kiamichi is not exposed, but  this ex- 
posure is believed to represent a complete section of the Edwards ...................... 23.0 

Comanche Peak- 
1. lIoderately hard. light gray, argillaceons. microgranular. massive, compressed 

nodular limestone. Exposed ........................................................................... 11.0 
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Locali ty 154-T-8  

Snznll tributary o! JIliddle Basque Ricer approxirnntely 0.3 mile due nortli of F .  M .  185 bridge over 
t h e  riter east of Crazc.,ford, McLenrtan County. 

Several biohermal ritdistid reefs are exposed in tlie creek. T h e  section has not been described in 
detail. 

Locality 1 5 4 - T - 9  

Bluff on south side oj Bluff Creek.  opproxim~utel?~ 0.3 rnile downstretlrii from ford over Bluff Creek 
nortli of Osage, Coryell County. 

-4 I~ioltermal rudistid reef is poorly exposed a t  tliis locality. T h e  section has not been described in 
detail. 

Local i ty 1 5 4 - T - 1 0  

- l !o i~g  ranch r o d  rlescendirig into the valley o! the Middle Bosgue Rirer. 2.3 miles dozc.lastreczm 
iron2 iord over ricer on Valley Mills-Coryell road. AlcLennnrt County. 

Thickness 
( f e e t )  

Ed]!-ards- 
. . . . . .  3. Covered internal. Kiamichi sllale estimated to be 5 to 8 feet above unit 2 5.0 - 8.0 

.................. 2. Hard, 11uff-colored, medium- to tl~ick-bedded granular limestone 25.0 

Cornanche Peak- 
1. Moderately hard, light gray. argillaceous. microgranular? massive compresced 

nodular limestone. The  Comanche Peak grades into the Edwards 11y an increase 
................. in grain size and development of a \\-ell-l~edded structure. Exposed 13.0 

Locality 1 5 4 - T - 1 1  
Proniirient b lu f f  j i~st  west o f  brict'ge ozer Bluf f  CreeF. on tile Crowford-Cor~ ell road. 2 miles northwe,? 

n t  Crciuiford, McLennan Col~n ty .  
Tliickness 

( f e e t )  
Edwards- 

5. White, honeycombed, thin- to medium-bedded coarse granular arid fine slicll 
debris limestone (PI. 14. E l .  Composed predominantly of "original" and  re- 
crystallized shell material. Cement is crystalline calcite. Gradational into unit 
below. Tlie contact \\,it11 the Kiamichi is not exposed, but the top of the esposed 
limestone is considered to be v e ~ y  close to the top of the formation. Exposed .. 3.0 

1. White to liglit buff, .r\rell-sorted. medium- to thick-bedded granular limestone. 
........................................................ Gradational into unit below 13.0 

3. White to l igl~t  buff, \+.ell-sorted, medium- to thick-bedded. fine-grained lime- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  stone. Sliarp contact below 5.0 

'7. Hard, liglit gray to buff. verl- massively Iiedded r~tdistid li~nestone (PI. 12, D ) .  
Fossils a re  preserved as "original" shells and calcite casts. 3Iatrix is very fine- 
grained limestone. Eoradiolites predominates. Dolomitic in patches. This lime- 
stone is considered to be the flank of a rudistid reef. Sharp contact belo\v ......... 19.5 

Comanche Peak- 
1. Moderately liard, light gray. argillaceons. microgranular, massively bedded! 

................................................... compressed nodular limestone. Exposed 31.5 

Locality 134-T-12  
Ocerhanging b1il.f nt Bluf Creek crossing of abanclor~ed Cmwford-Corye!! road, McLer~nc~n  Coi~n ty .  

Tl~ickness 
I!eet) 

Edwards- 
3. Hard, white to light buff, medium- to thick-bedded granular limestone and  fine 

to coarse shell debris. Individual beds pinch out and are overlapped to the west 
by higher beds. The contact with the Kiamichi is not exposed. but the treeless 
band and  terrace above the outcrop indicate that the highest exposed lime- 
stone is close to the contact. Exposed ............................................... 15.0 

2. Hard, gray. massively bedded rudistid limestone. Beds dip very slightly to the 
east. Incipient bedding and  major bedding suggest that the rudistid limestone 
is the flank of a reef. Sliarp contact with Comanche Peak ................................. 27.0 

Comanche Peak- 
1, Moderately hard, light gray, argillaceous. microgranular, massive, compressed 

nodular limestone. Exposed ............................................................................. 20.0 



Local i ty  154-T-13 
Bll~,fl  jitst iiortlr of S tn te  Highway 6,  1.6 111iles w.st of Vallej.  ,Iiills, Bosq t~e  Coiirlt?.. 

?. I hickness 
( f ee t i  

Edwarcis- 
4. Hard, \\.liite, tliick-Iledded rudistid limestone. Beds dip approximately 15". Tlie 

contact with the  Kiarniclii is not exposed, but the top of the exposure is prob- 
........................................................ ablv close to tile rontact. Exposed 

3. Hard, white, massive rudistid limestone. The  contact I\-it11 the Comanche Peak 
i? esposed dolvnstrearn from tlte main outcrop. T h e  contact is approximately 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  to 2 feet below the b a ~ e  of the main outcrop. Esposed 
............................................................................... 2. Covered interval 

Comanclie Peak- 
1. JIoderately ha rd ,  light gray, argillaceous, n~icrogranular, massive, compressed 

nodular limestone. Tlie Comanclie Peak is esposed dolinstream from the main 
........................................................................... outcrop. Exposed 8.0 

Local i ty  154-T-14 
B l ~ i f i  011 the west side of tile Middle Boscjlie Rioer, 3 nir/irle miles sol~theiist of Crazoford, McLer~iinii 

Coun tj.. 
T1iickne.s~ 

( f e e t )  
EdJvarcis- 

2. Interbedded white \yell-sorted granular  limestone. poorly sorted coarse granular 
limestone, a n d  fine .shell debris (P l s .  13, A ;  14, F 1 .  Bedding is well developed. 
Tlie contact with tlie Kiamichi is not esposed, 11ut it is l~elieved to be very close 
to tile top of the exposed limestonr. This unit varies in tl~ickness o~yiiig to varia- 
tioris in thickness of the underlying rudistid facies. Just west of the bend in the 
road these beds are  :ipproximatel>- 10 feet thick. llo\r-nstream, they pinch out 
completely . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  ............................ 0-10.0 

1. Hard, white, maesiIe rudistid limestorie (1'1s. 5; 13. B I .  This unit is discussed 
. . . . . . . . . . . . . . . . .  on pages 34-36. \la.;irnum e s p o u r e  12.0 

Local i ty  154-T-15 
B l u 8  along Hog Cree!; rlecir ford over creek on the Vul ley  !Ilills-Coryell rocicl. .+I.lcLerznc~ Cociriiy. 

T h e  Ed\\-ards limestone is ayrprosirnately 75 feet thick along the creek. T h e  formation is disc~issed 
on pages. 38-39. 

Loca l i ty  154-T-16 
Chiltiress Creek, approxinlutely 4 airline n~ i l e s  north of Ciiirza S.~prings, McLennciit Colsrity. 
Only the  top of the E d ~ r a r d s  li~nestone i$ esposed a t  this ioc,aiity. T h e  forination is disc~issecl on 

pages 43-44. 

Loca l i ty  154-T-17 
Hen(/ of srriall tributarj. o,/ .\.orth Bosqtie R i ~ e r  north of Stcite Ilighwajj 6. cipproxinzately 2 rni/e\ 

dtce east of Vnlley Mills, Bosqiie County. 
T h i c k n e ~ ~  

( f e e t i  
Ed\\-arcis- 

2. Hard. white, massive rudistid limestolie. Beds dip 18". The contact I\-it11 tlie 
Kianiichi is not esposed, but tlie terrace and treeless band that a re  associated 
~\-it11 the Kiarniclii clrale indicate that tlie contact is close to the top of the ex- 
posed limestone. Exposed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... 18.0 

Comanrlie Peak- 
1. 3Ioderately hard.  light gray, argillaceous, microgranular. massive. com~~reased 

. . . . . .  nodular limestone. Tile contact I\-ith tile Ed\vards is sliarp. Exposed 8.0 

Loca l i ty  154-T-18 
Roccdclit in !rant o f  cerrzeter?. on countrj. rocid south of Val ley  .llil/s. Basque Co1irltl.. 
Nineteen feet of Ed \ \a rds  limestone is present a t  this locality. The section has lint been clesr~.il~etl. 





Edwards Fossils as Depth Indicators 
KEITH YOUNG3 

Abstract.-The Edwards limestone is 20 
to 25 feet thick along the Brazos Rixer in 
Hill and Bosque counties. Texas, where it 
constitutes a single tabular reef. Biolog- 
ically it consists of four zones which are 
related to bottom depth at the time of their 
deposition. The Cladoplrj llia zone is at the 
base; this small coral grew in about 20 to 
25 feet of water. Then in ascending order 
are the Alonopleura-Toucasiu, the Caprinu- 
loidea zone. and the Eoradiolites-Chondro- 
donta zone. The top of the Eoradiolites- 
Chondrodonta zone is thought to ha\ e oc- 
cupied a depth slightly above that of mean 
low spring tide. 

To the northeast this Edwards limestone 
tabular reef interfingers 11,ith the Goodland 
formation. and to the southwest it is cut 
out by erosion. The southwest front of the 
tabular reef was to uindward and the 
northeast to leeward. 

Introduction.-Reef complexes of all 
ages have been intensely studied in recent 
years. For most of these ages the reef- 
building organisms ha\  e received a parallel 
but much less intense studv. The results of 
ecologic studies of organisms of Paleozoic 
(Newell et al., 1953 : Lon-enslam. several 
papers) and Recent (many authors) reefs 
are spread through many papers. A few 
authors (Bonet, 1952 : \'ells, 1932. 1933) 
have discussed and described Mesozoic 
reefs and the peculiar molluscs that were 
rock builders only during the Jurassic and 
Cretaceous Periods. True paleoeco1og~- of 
these animals has been neglected almost 
completely in English geological literature. 
The writer at this time does not desile to 
review the extremely scattered data in 
many languages concerning the ecology of 
Rudistaceae and Chamaceae. The former 
superfamily has no modern relatives. The 
latter has a modern counterpart and rela- 
tive in the numerous species of the genus 
- 
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Charnu, but too little is known concerning 
the ecology of this modern genus (Ricketts 
and Calvin, 1952).  Wells (1932) has 
pointed to the definite growth relationship 
in reef masses between corals and caprinids 
in the Glen Rose formation of Texas. 

Certain observations at the outcrop of 
the Edwards limestone in northern Hill 
and Bosque counties, Texas, along the 
Brazos River, furnish information that 
map bear on present and future paleo- 
ecological interpretations concerning 
Rudistaceae and Chamaceae, and some 
associated fossils. 

In the summer of 1950 the writer and 
M. E.  Dehlinger were surface mapping for 
the Bureau of Economic Geology in north- 
ern Hill, northern Bosque, and southern 
Johnson counties. The writer returned to 
this area with E. T. Ashworth in the sum- 
mer of 193.2 for several weeks. During 
these periods a number of sections of the 
Edwards limestone were measured and sur- 
face mapping of the Edwards limestone 
and adjacent strata was carried on. The 
photographs on Plate 32 were made by J. 
S. Pittman. Jr., and the writer. 

Stratigraphic setting.-In northern Hi11 
and Bosque counties the Edwards lirne- 
stone crops out in bluffs along the Brazos 
River; it varies from 18 to 30 feet thick, 
being the attenuated northern end of a 
thicker limestone prism to the south. The 
Hill County side of the Brazos River (fig. 
19)  consists of a continuous bluff with 
Comanche Peak limestone in the lower 
part, Edwards limestone capping the bluff, 
and the Grand Prairie flattening out on the 
softer Kiamichi and Duck Creek forma- 
tions. The Edwards limestone is overlain 
by the Kiamichi formation, which is, 

.mostly shale; the contact between the two) 
is rarely well exposed. The contact between 
the Edrvards limestone and the underlying 
Comanche Peak limestone is sharp along 
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the Brazos River but Inore difficult to pick 
immediately east of the Brazos along vari- 
ous tributaries. At  several localities near 
Blum. Hill County: there is  no Edwards 
limcstolle present, and the Kiamichi for- 
mation rests on  Comanche Peak limestone, 
which is then called Goodland limestone. 

Lithology.-In this area the Edwards 
linlestone consists of four principal lith- 
ologies: (1 )  the  nlost prominent is a light 
tan,  extremely hard. fossiliferous lime- 
stone containing rock-building organisms 
i n  place, accompanied by minor  amounts 
of scattered organic debris; ( 2 )  a thin but 
persistent, phaneric. pulverulitic lime- 
stone: (3 )  a restricted, tan, hard ,  calciru- 
clite composed of organic debris: and ( 4 )  
through part of the area an extremely hard, 
tan,  phaneric lilnestone caprock i a bio- 
sparite) ; this caprock has borings of ani- 
mals  extending fro111 8 inches to 2 feet into 
it  f rom the top. The  Comanche Peak facies 
is  a white, nodular. aphanitic, unevenly 
bedded lilnestone ibiomicrite) quite dis- 
tinct from the different facies of the Ed- 
\\ ards  limestone. 

Faurzal associutions.-The fauna of the 
E d ~ v a i d s  limestone is very incompletely 
described. Adkins 11933) has  pointed to 
the  almost complete mutual exclusion of 
species and genera of the Edwards lime- 
stone from other  equivalent Fredericks- 
b u r g  facies and  vice versa. NIathe~t s (1951, 
19.56) has discussed some of the reef local- 
ities and the associated faunas. and the 
fauna  listed b y  1-oung (1952) is a t!pical 
reef-t!i)e fauna although also incomplete. 
Except for the Deep Eddy locality. most of 
the  Fredericksburg fossils describrd by 
Stanton (194,7) a r e  non-reef type. T! pica1 
of the Edwards limestone facies of the 
Fredericksburg group in Hill and  Bosque 
counties are  the follo~ving, some of which 
a r e  illustrated i n  Plates 31  and 32. 

Gastl.opoda 
Xerineacea 

Ceritellidae 
Ceritella sp. 

Pelecypoda 
Rudistaceae 

Radiolitidae 
Eoradiolites >p. 

Cliamaceae 
Caprinidae 

Caprinctloidect sp. 
Diceratidae 

Toucnsiu sp. 
Monopleuridae 

M o n o p l e ~ ~ r a  sp. 
Scleractina 

Stylinidae 
Cladophlllia j~trcifera Rome, 

T) pica1 of the Comanche Peak limestone 
facies are: 

Gastropoda 
Tr~rritella 
.,ilipes 

Prlecypoda 
G r ~ p h a e a  

Cephalopoda 
.4mmonoidea 

Oxytropidocercls sp. 
Engonocerns sp. 

These two faunas are almost mutally ex- 
clusive, and i n  the Rosque County area the 
writer has never seen any of the one group 
intermingled with those of the other. Some 
mising of similar t!-pes of fossils has been 
observed i n  certain beds in  the Glrn Rose 
formation and  at rare localitiys in the 
Georgetown limestone. The  cxclusiorl of 
ammonoids from the reef-type habitat has 
hindered stratigraphic correlations be- 
tween the reef and non-reef facies of the 
Fredericksburg and Washita groups. 

In  addition to the fore-mentioned lith- 
ologic lacies: the Edwards limestone along 
the Brazos River in northern Hill County 
contains a peculiar zonation of the reef- 
type fossils listed above (fig. 20'1. Along 
the river near Kimball Bend at  Bee Moun- 
tain and a t  Robinson's Bluff. Bosque 
County, and across the river in  Hill County, 
the following zonation is  realized or ap- 
proached; a s  one departs f rom the river in  
either direction this zonation changfs. For  
the purpose of the present paper the Co- 
manche Peak limestone facies of the Fred- 
ericksburg group can be called the Gry- 
phaea zone. Lying l e r y  sharply on the 
Gryphuea zone of the Comanche Peak 
limestorle is the Cladophyllia zone of the 
Ednards limestone facies. This  zone is a 
counterpart o i  lithology ( 2 )  of the Ed- 
~t-ards limestone and constitutes a single 
pulverulitic bed : Cladophylliu sp. and 
Ceritella sp. a r e  the only fossils observed 
by  the writer in  this zone. Fossils are rare  
l~ecause of the alteration of the original 
limestone to p u l ~  erulite. The  Gr)p/znea and 



FIG, 19. Locality map of Johnson, Hill, and Bosque counties. Locality numbers and descriptions are those of the Bureau of Economic Geology. 
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Cladophyllia zones are  distinct and their 
mutual  boundary is a plane with no lith- 
ologic gradation observed. T h e  Clado- 
phyllin zone varies from 0.7 to 2.5 or 3.0 
feet thick. 

A s  the underlying Gryphaea zone is  
sharply delineated from the Cladopl~yllia 
zone. so is the ol-erlying Diceratidae-hIono- 
pleuridae zone sharpl!- delineated from the 
Cladophyllia zone. The dominant and 
characteristic fossils of this zone a le  the 
diceratid Toucasia and the monoplenrid 
fllonoplez~ra. Other  fossils occur. 11ut the 
a l ~ o ~ e  may be identified from outlines on 
the  rock surface (e.g.. see Bonet. 1952. figs. 
19. 34) .  This zone xaries from about 3.5 
to 7 feet thick. I t  is not sharply delineated 
f r o m  the overlying zone but instead grades 
into the Caprinidae zone by  the giadual 

u 1 1 ~  ar cl numerical Increase in  Caprinu- 
loidea until this genus is  the dominant 
fossil in the rock. The Caprinidae zone is 
4 to 8 feet thick and gives way gradually 
to the zone of Radiolitidae and Chondro- 
donta. Eoradiolites and Clwndrodonta 
h a l e  not been o h s e ~ ~ e d  as   lo^ in  the sec- 
tion in this area as has Caprinulozdea. In  
the Caprinidae zone a few indixlduals of 
Eoradiolites appeal.  and the)- giadually 
increase in  numbel upward in the rocks. 
At sorne position thm become a mole im- 
pol tant part of the lock-building suite than 
iq Caprinuloidea: this position marks the 
base of the zone of Radiolitidae and Chon- 
droclor1ta. Chondrodonta has not been ob- 
serx ed as low in the rock as  Eoradiolites 
but  is always abundant a t  higher levels, 
occup\ ing a most tonspicuous place in the 

CHONDRODONTA 

- - - - - - - - 
R A D l O L l T l D A E  

- - - - -  - 

E D W A R D S  

M O N O P L E U R I D A E  

D I G E R A T I D A E  

FIG. 20. Diagrammatic section near section 109-T-14 (fig. 19) showing dominant zones and ranges 
of the fossils. A sinfle fossil observation outside of the range was regarded as not significant. 



upper  part of the  zone which bears its mostl>- removed bj- erosion; i n  figure 21 
name.  This last obserl-ation is  a t  variance a section from southern Johnson County 
with >lathews (1956). hut we have yet to has been projected to the line of cross sec- 
s tudy in the same area.  tion and may represent the changes which 

C h a n ~ e s  do occur in the section t o l ~ a r d  occur in a westerll- or southwesterll- direc- 
Blum. eastward ( i n  Hill County). To  the tion. 
west i n  Gosque Courlt!- the section has been Eastxi-ard? toward Blum, the Clndophyl- 
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liu, zone (zone 2 j is persistent fo r  some 
distance, and the IIonopleuridae-Diccra- 
t idae zone (zone 3 )  increases in  thickness. 
I n  a distance of about  half a mile up Rock 
Creek from its mouth at Nolan's River, 
zone 3 gradually changes to zone 1 t Ed- 
wards  limestone facies changes to Coman- 
che Peak limestone facies). T h e  top of 
zone 3 in this a rea  is the last bedding ~jlane 
of definite Edwards limestone that can be 
walked out into the Comanche Peak facies. 
Zones 4' and 5 change to zone 1 along Rock 
Creek between the mouth of Rock Crcek 
a n d  3/16 mile upstream. This like~cise is 
easily observed a n d  walked out on the out- 
crop. In this area the Edwards limestone 
facies seems to have added an afterthought, 
the  caprock (zone 6). This zone does not 
occur  at  the top of the Edwards facies 
fa r ther  xest nor does it occur a t  the top of 
the Comanche Peak  i Goodland J facies 
where this facies directly underlies ihe 
Kiamichi formation. a few hundred yards 
east. o r  in the town limits of Rlum. 

T h e  southwestern Johnson County sec- 
tion illustrales that  w s t  from I(im11all 
Bend the Cladophyllia and Mortoplr~~ra-  
Diceratidae zones (zones 2 and 3 ) can be 
expected to be replaced by a mixture of 
zones 4, and 5 (zones of Caprinidae and 
Radiolitidae a n d  Chondrodonta 1 .  Here 
zones 4. and 5 a r e  not differentiated. 111 this 
a r e a  also were obser\-ed the only good ex- 
amples of litholog!- I 3 J izone 7 ) .  I-Icrc is 
a n  exposure which quite definitely illus- 
trates the growth o f  zones 4 3  and 5 out over 
the  calciluditic rock izone 7) ,  the laiter 
ha\-ing been eroded from previou-~ ~ r o l v t h  
of zones 4' and 5 and  consisting of all sizes 
of unoriented fragments of Eoradiolites 
a n d  Caprinuloideu. 

General morphology. - The zonation 
might  just as  well be  in morpholo,' U I C  terms 
a s  i n  taxonomic terms provided more 
definite terms existed; the morphologic 
terms a re  too relatii-e to be practical for a 
zonation. The indix-iduals of Gryphai,n in 
zone 1 (Comanche Peak limestone facies) 
a r e  isolated, scattered. and not in  banks. 
For  this reason they d o  not form the solid 
structure ivhich the intertwining, rambling, 
colonial hexacorals of the Cladophyllia 

zone build. An individual coral of Clado- 
pl~yllia, is not a s  robust as  a n  individual 
Gryplz(len, but woven together in  a bed they 
form a lairly solid framework compared to 
the scattered Gryplzuea of zone 1. :11o~zo- 
pleztrn and Toz~ca.sia make up  the frame- 
work of zone 3. These are  medium-thick- 
shelled pelecypods in  which the spats were 
attached to the g ro~ving  adults; thus a con- 
tinual framework could be developed 
which is stronger than the Cladophyllia of 
zone 3. Caprinuloidea is another sessile, 
"coral-like" pelecl-pod with a ver!- thick 
shell which appears to have a vesicular 
structure in cross section but which is ac- 
tually a structure of many elongate open 
canals. usually filled ~ c i t h  lithified lime 
mud in the fossils. The shell wall may be up  
to three-fourths inch thick. These indi- 
viduals then a re  el.en more robust than the 
individuals of Toucasia and Monopleura; 
they  could seem to have been strong 
enough to withstand v.ave action. Eoradio- 
lites possesses a shell of the same maximum 
~hickness  as  Caprilzrtloidea, but  the entire 
animal is more massive and sturdier. The 
shell is denser and  less porous. Chondro- 
dontu is unlike the associated pe lecgods  
i n  that it is ostreiform in habit and  appear- 
ance but according to Dechaseaux ( 1952) 
is a specialized offshoot ol the M!-tilaceae. 
I t  occurs in  he ICimball Bend region o11ly 
i n  the upper part of the Edwards limestone, 
being abundant in  the upper one-half to 
two-thirds of zone 5. 

Relations of gross lithology to fossils.- 
T h e  restriction of the genus Gryphnea 

 mes stone (zone 1) to the Comanche Peak 1 '  
facies has already b e ~ n  described. The 
Edwards limestone facies generallj- starts 
a t  the bottom with the Cladophpllia bio- 
stroll1 (zone 2) consisting of a pulverulitic 
bed which is i n  part  a solution-redepositio~l 
phenomenon. The  out!\-ard appearance of 
this bed is the result of vadose water per- 
colating downward and encountering the 

-tone. less permeable Comanche Peak  lime: 
The  water then flows laterally through this 
bed (zone 2) above the Edwards-Co- 
manche Peak interface. 

Zones 3, 4, and 5 consist typically of a 



tan. massive, phaneric Edwards-type lime- 
stone of the -tabular reef facies. Zone 3 
weathers slightly more readily than d o  
zones 4 and 5 i n  the Kirnball Bend area. 
T h e  differences i n  zones 3, 4, a n d  5 are 
pr imari l l  the differences in  weathering of 
selected surfaces of the rock (e.g.. Bonet. 
1952. figs. 10, 16. 3 4  are typical of zone 3 
a n d  figs. 14,15, 18. 38 are typical of zones 
4 a n d  5 I .  On the rock surfaces these ap- 
near  a s  differences of shell structure and as 
differences in gross shape of the unoriented 
section!: of the animals. The diceratids and 
monopleurids h a 1  e a typical nlolluscan 
shell structure consisting of overlapping 
lamrllae of prisms of the prismatic layer 
(PI. 32. figs. 3. 6. 9. 10).  Caprirzuloideu 
a n d  some relatives have a pseudocellular 
structure which consists of man!- elongate 
tulles of many sizes. These were usually 
filled with mud when the animal died. In  
transverse section the tubes a re  circular or 
oval i n  section, whereas i n  Eol.adiolites, 
Drrrcrrzia. and other  Radiolitidae the cells 
a r e  hox-shaped (Pl .  32. figs. 1. 2. 8 )  and 
filled. forming a solid structule rather 
than a vesicular structure. I n  the Radio- 
l i t idae the spaces formed by the vertical 
and  transverse partitions are usually filled 
each v i t h  several crl-sials of sparr!- calcite. 

Zone i has been observed only in  large 
amounts as debris from zones 4 and  5. but 
calcirudite of mixed or other natule is 
certainll- possible. although it  appears that 
onl!- fossils of zones 4 and 5 grew in the 
zone of really active wave erosion. This 
may  also account for  the absence of neri- 
~ Ie id- t !~e  gastropods in  zone 5-the waters 
were too rough. 

Possible depositior~al interpretation.- 
T h e  area represented by the line of section 
(fig. 2 1  1 probably represents a single tab- 
ular reef mass. T o  the east i s  the leeward 
side \+it11 the gradation to fine carbonate 
sediment (e.g.. Comanche Peak  facies) 
and  with the less robust animals of zones 
1 a n d  3 extending higher in  the  reef. To 
t h e  \\-e:t (e.g., supposed windward side) 

- - 

the more robust animals of zones 4 and 5 
replace the less robust animals of zones 2 
and  3 i n t h e  lower part of the reef. and the 

on]!- large allloullt of calcirudite (zone 7) 
OCCUI. in this side of the reef. 

Walls (1950 1 reported and photo- 
graI)hed in the calcarenite of the Coniacian 
part  of the Austin chalk of Williamson 
Count!-. especiall!- along Manskp B r a ~ ~ c h ,  
cut-and-fill channels about 1 5 0  to 200 feet 
wide. all trending about N. 30" E. In  the 
Glen Rose formation in Hays County, the 
writer has observecl the positions of numer- 
ous of the small shells of the Pelecypoda 
i n  the Corbula rnartinue bed (this is the 
ke>- rock of Whitne!.: see Scott, 1 9 4 0 ) .  The 
average shell alignment of a sample 
studied in Hays Coulltj- is between K. 25' 
E. and 3. 35' E. The small ends of the 
pelec!-i~ods a r e  to the northeast, indicating 
current direction from the soutli-rvest. The 
currents thus indicated by Austin chalk 
a n d  Glen Rose limestone depositional fea- 
tures agree roughly with the back-reef- 
fore-reef areas of Edwards limestone de- 
positio~i in Hill  County. 

Ecologic irzterpretation of the fossils.- 
None of the genera used for  zonation in 
this report is extant. A11 of the forms except 
the Radiolitidae (Rudistaceae) have living 
relatives a t  the superfamily level (Chama- 
ceae)  in the modern genus Charna. Chama 
is  the form which is lnost closel!- related 
to the pelecypods of zone 3. The  habitats of 
the recent species of Chama are  incom- 
pletely documented (Ricketts and Calvin, 
1952 ) . Pacific coast species a re  kno~vn to 
ocrupy rocky coasts so high a s  to occur be- 
tween mean low tide and mean low spring 
tide. Few living sessile marine pelecj-pods 
thri1-e this high. The morphology of the 
Cretaceous fossils of zones 4 and 5 indi- 
cates that these robust animals might have 
been able to compete as high as  mean low 
tide in fairly rough seas: and the relations 
of the reef mass (zones 4 and 5)  to the 
calciruditic zone 7 suggest that animals of 
zones 4 and 5 were conlpeting T\-it11 wave- 
eroding agents during their g r o ~ ~ - t h .  

Chor~drodor~ta i a  pernid) is a maverick 
to its group. If the ~ h a m a c e a e  in  the Ed- 
wards limestone had a habitat a t  a l l  sim- 
ilar to their near relatives (Inoceramns) , 
then Chondrodor~tn should not be a brack- 
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ish-water form as interpreted by Mathews 
(1951) on its shape and ostreiform habit; 
all of these animals in the high-energy 
zone must be tolerant of euryhaline con- 
ditions. Chondrodonta was adapted to the 
more rugged zoogene environment. lying 
flat and attached to areas on which also 
were growing the elongated coral-shaped 
rudistids. This euryhaline environment re- 
quires animals with a high tolerance of 
oxygen. 

The Cladophyllia (coral) bed is not 
understood. The only explanation at this 
time is that a mat of these small. ramose, 
scleractinid corals introduced the reef en- 
vironnlent in this area. Some such en1 iron- 
ment and mat may hale  been necessary 
before the pelecypod spats could attach and 
grou7 successfully. 

Zone 6 is a caprock ~vhich is restricted to 
the lee side of the reef. It is only from 1% 
to 3 feet thick. I t  is coquinal calcarenite 
and has been bored by some marine ani- 
mals. probably boring pelecypods. It seeins 
to have been an afterthought a t  the end of 
reef deposition. deposited in a quiescent 
area. perhaps while the main part of the 
reef mass to the southv-est was undergoing 

pre-Kiarnichi erosion. The duration of the 
Ed~vards-Kiamichi break is of course un- 
known. but by modern standards, if the 
borings are molluscan, to reach the stage of 
the life cycle indicated by these holes 
would require several months after lithifi- 
cation and prior to Kiamichi clap depo- 
sition. 

Corzc1usions.-The interpretation of 
available evidence indicates that the Ed- 
wards limestone of northern Hill and Bos- 
que counties has a zonation of fossils that 
;an be interpreted as depth adaptation of 
the animals.- he top of the reef mass may 
have been at or near mean low spring tide. 

How far such an interpretation can be 
carried from the Kinlball Bend area of 
Hill County is uncertain. That the sea was 
this shallow in every area of Path!-odonta 
reef deposition and at every horizon of 
such reef deposition might require too 
man)- changes of sea level; hence other 
interpreations may also be necessary. I t  
seems improbable that Caprinidae-Rudis- 
tidae growth associated with calcirudite 
deposition ever occurred except in ex- 
tremelj- shallow water. 
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A Stratigraphic Study of the Kiamichi 
Formation in Central Texas4 

ORVILLE B. SHELBURNE" 

ABSTRACT 

Twenty stratigraphic sections of the able. The characteristic megafossils of 
Lower Cretaceous Kiamichi formation southe~n outcrops. where the Kiamichi is 
were measured and described from surface thin. ale Gryphaea nuvia, Exogj ra plexa, 
exposures in the southern Fort Worth Prai- and Heteraster adkinsi. This fauna is char- 
r ie  i n  Hill, Bosque. Coryell, AIcLennan, acteristic of the upper Kiamichi of north- 
and Bell counties. Texas. ern outcrops, where the formation is thick. 

The Kiamichi formation is composed of The Ion-er part of thick sections of the Kia- 
silt); shale, nodular limestone, calcareous michi is characterized by Gryphaea nzucro- 
clap. and Gryphaea beds. The Kiarnichi nata. Exogyra texana, and Cyprinzeria 
shale is the uppelmost formation in the texana. This distribution suggests that the 
Fredericksburg group and is enclosed by formation thins froin the bottom and that 
the Edwards limestone below and the it onlaps the unconforn~able surface at the 
Georgetown limestone above. The Kia- top of the Edwards limestone affecting re- 
michi is 25 feet thick near Blurn in Hill gional thinning to the south. 
County. It thins southvard along the out- Local variations in thickness of the Kia- 
crop and disappears in southern McLennan michi are a result of the topography at the 
County. top of the underlying Edwards forrllation 

Corrosion, pitting. and burrowing. and during Kiamichi time. Thinner and more 
presence of an iron oxide zone at the top of calcareous sediments were deposited over 
the Ed\\ ards formation indicate that the the topographicall>- high reef facies of the 
Edwards-Kiamichi contact in unconform- E ~ T $  ards limestone. 

ISTRODUCTIOK 

The Lower Cretaceous (Comanchean) 
rocks of Texas are mainly limestone. marls. 
shales. and sands of shallow-water oligin. 
The Comanche series is divided into three 
groups: from bottom to top they are the 
Trinity. Fredericksburg, and Washita. The 
Fredericksburg group is characterized by 
sereral lithologic facies owing to the va- 
riety of depositional enlironments that ex- 
isted during Fredericksburg time. Use of 
facies terms rather than formational di- 
visions has been proposed for this group 
(Adkins. 1933; Thompson, 1935).  but the 
formations recognized are, in ascending 
order. the Palux)- sandstone, Walnut clay, 
Comanche Peak limestone. Edwards lime- 
stone. and Kiamichi clap. Surface and sub- 

* hladified from thesis submilled in pnrlinl fulfillmcnl of the 
rcquiremcntr for hlaster of Science degree a1 The Univcriily of 
Wisconsin. 

W ~ c p a r l m e n t  of Gcology. The University of Wisconsin, 
Madison. 

surface work by Lozo (1949) demonstra- 
ted that the Paluxy sandstone is the lower- 
most formation of the Fredericksburg 
group rather than the uppermost forma- 
tion of the underlying Trinity group as it 
is usually classified. The Kiamichi consists 
of marls with thin lin~estone seams and 
shell aggregates. The stratigraphic rela- 
tionships and group assignment of this for- 
mation are controversial, and the writer 
undertook a field study of the Kiamichi of 
central Texas in an effort to resolve some 
of these problems. 

A'ature of problem and purpose o f  
study.-The thickness of the Kiamichi de- 
creases southward. Central Texas is a 
critical pinch-out area where the forma- 
tion thins from 25 feet in the north and is 
absent in the south. The purpose of this 
study was to determine the nature of the 
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FIG. 22. Stratigraphic section location map. 
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thinning, to ascertain the agent)- which 
produced the thinning, and to resolve the 
general stratigraphic relations in central 
Texas. The writer proposed to obtain these 
goals by a field stud>- of the stratigraphy 
with consideration of the processes ~vhich 
might control thickness of the formation. 
Bear  Goodland. Choctaw County, Okla- 
homa. Hill (1901) reported a thickness of 
150 feet for the Kiamichi. On the Red 
Ri1-er west of Denison, Texas. it is ap- 
proxinlately 4.0 feet thick, decreasing 
southward in Texas to 27 feet near Fort 
Worth and to 11 feet at Whitnej- Dan1 and 
finally disappearing south of Waco near 
#he southern tip of McLennan County. 
\Yinton (1925) ascribed this southrvard 
thinning to replacenlent of the shales of 
the Kiamichi away from the shore line by 
the limestones of the Edwards formation. 
Tho~llpson (1935) attributed the thinning 
to differential uplift during a post-Kia- 
michi, pre-Washita erosional interval. The 
writer has attempted to solve this problem 
by nleans of stratigraphic studies in cen- 
tral Texas. 

Locution of the urea.--The area inr-esti- 
gated is the southern Fort Worth Prairie 
of ce~iiral Texas (fig. 22). This study is 
concerned with that part of the Fort F-orth 
Prairie which lies south of Blum, Hill 
County, and north of Belton, Bell County; 
this includes parts of Hill, Bosque, Coryell, 
McLen~ian, and Bell counties. The Fort 
Worth Prairie is the rvesternmost subdi- 
vision of the Grand Prairie and is under- 
lain mainly by the li~iiestones of the Wash- 
ita group. The TT'al~iut Prairie subdir-ision 
of the Lampasas Cut Plain lies west of the 
Fort Worth Prairie in central Texas and 
is underlain by the soft marls of the Wal- 
nut formation of the Fredericksburg 
group. 

Previous work.-Outcrops of the Kia- 
michi in north and west Texas hare been 
studied, but the Kiailiichi as a specific ob- 
ject of study i s  relatively untouched in 
central Texas. Hill (1901) produced a 
monumental work on the "Geography and 

Geology of the Black and Grand Prairies of 
Texas." which included a detailed descrip- 
tion of the outcropping Cretaceous forma- 
tions. Hill described esposures of the Kia- 
~n ich i  south of Brazos River in Bosque 
County. Adkins (1923) described espos- 
ures of the Kiamichi in his report on the 
geology of McLennan County. Later Ad- 
kins (Adkins and Arick, 1930) mentioned 
the Kiamichi in his discussion of the Fred- 
.ericksburg-Washita contact in the "Ge- 
ology and mineral resources of Bell Coun- 
ty." In a study of the Fredericksburg 
group, Thompson (1935) measured and 
described stratigraphic sections from Red 
River to Colorado River. Three of Thomp- 
son's sections are located in Coryell Couilty 
and lie within the area of this stud)-. In a 
report on the geolog!- of the Whitney reser- 
voir area of Brazos River in Bosque and 
Hill counties, ,Hull (1951) described sur- 
face and subsurface esposures of the Kia- 
michi of that area. 

Field and la~borator)~ procedure.-In the 
su~ilnier of 1955 the writer studied and 
ilieasured 20 stratigraphic sectio~ls of the 
Kiamichi formation in central Texas. 
These sections were rneasured ~ert ical ly 
~ s i t h  a carpenter's rule and an eye-level. 
The lithology of each unit was described 
directly in the field with the aid of a hand 
lens. The faunal content of each unit was 
described in the field and megafossils were 
collected for later identification and com- 
~ a r i s o n  in the laboratory. The lithology 
and faunal content of each stratigraphic 
section was plotted to facilitate comparison 
lcith other sections. 
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STRATIGRAPHY 

HISTORY OF XO~IENCLATURE 
I11 central Texas the Kiarnichi forma- 

tion is a calcareous shale alternating with 
thin stringers of wavy-bedded limestone. 
I t  lies between t ~ \ - o  resistant limestone 
units. the Edwards limestone below and 
the Duck Creek lnelnber of the George- 
town formation above. The classification 
most generally accepted at present refers 
the Kianlichi to the upl~ermost formation 
of the Fredericksburg group of Lower Cre- 
taceous (Colnanchean ) age. The formation 
was first called "Kiamitia Clays" by Hill 
(1891) .  T11e present spelling is the result 
Iof action by the Board of Geographic 
Names. The type localit)- is the plains of 
Kiamichi River near Fort Towson' eastern 
Chocta~v County, Oklahoma. The proper 
classification of the Kiamichi formation 
has been controversial. Hill classed the 
Kiarnichi as basal Vasllila when he pro- 
posed the name "Kiamitia Claps" in 1891. 
In a report on the Cretaceous rocks north 
of Colorado River, Taff (1892) disagreed 
with Hill and referred the Kiamichi to the 
top of the Fredericksburg group. Taff 
11ased his assignment on the occurrence of 
Fredericksburg forrns such as Oxytropido- 
ceras and Exogyra texana in the Kiamichi. 
In 1901 Hill recognized Taff's assignment 
but defended his original definition of the 
Kiamichi as the basal member of the 
Washita zroup. We stated that the Kia- 
michi clearly belonged in the Washita 
group on lithologic grounds and although 
it contained some conspicuous Fredericks- 
burg fossils: it also contained the initiatory 
species of the Washita faunas. Hill's 
usage was generally adopted but caused 
much confusion in  the ~narginal areas of 
outcrop. Later Adkins (1927) in a report 
on the geology of the Fort Stockton quad- 
rangle returned to Taff's definition: ~vhicli 
placed the Kiamichi in the F r e d e r i c k s b ~ r ~  
group. Adkins' views were supported by 
S. A. Thompson and others; ho~$-ever: a 
correlatio~l chart of the Cretaceous forma- 
i io~is (Stephenson et al.. 1942) retained 

the Kia~nichi in the Washita. More re- 
cently. the United States Geological Sur- 
vey has adopted the F rede r i ck~bur~  classi- 
fication of the Kiamichi (Imlay, 1941).  

The Kiamichi crops out in north-central 
Texas, southeastern and western Okla- 
homa: southeastern Arkansas, Trans-Pecos 
Texas, the Llano Estacado, and the Pan- 
handle. The easternmost outcrop of the 
Kiarnichi is at Cerrogordo, Arkansas; its 
westernmost outcrop in Texas is near El 
Paso. This is a large lateral extent of a 
relatil-ell; thin formation. The Kianlichi 
has been correlated ~vit11 the Kiowa shale of 
southern Kansas (Bullard, 1928) and may 
be analogous to part of the Tucurncari 
shale member of the Pu~gatoire folnlation 
in southeastern New Mexico iBr and, 
1953) .  Possible equixalents also occur in 
central Kansas, Colorado, northeastern 
Nexi- llexico: and eastern Mexico. In the 
subsurface the Kiamichi is usually recog- 
nized near the outcrop and also in  east and 
south Texas. I n  east "Texas the subsurface 
Kiarnichi is mainly a black shale which 
becomes nlore calcareous to the east and 
south. It thins south\{-ard on the flanks of 
the San lIarcos arch and disappears in 
Burleson County (Imlay. 1944). 

Outcrops in central Texas.-The Kia- 
michi clops out in a nalrow tortuous belt 
on the boundary between the Fort Worth 
Prairie and the Lampasas Cut Plain. 
Streams cut through the Georgetoxvn for- 
mation to expose the underlying Kiamichi 
within the Fort Worth Prairie. Isolated 
erosional remnants of the Kiamichi for- 
mation occur within the Lampasas Cut 
Plain. The Kiamichi is relatively soft and 
erodes rapidly a t  the outcrop. I t  i s  en- 
closed between resistant limestones above 
and below and therefore forms a receding 
zone. Good exposures are limited to x-erti- 
cal outcrops such as road cuts and stream 
banks. Nost streams flow down the regional 
dip at an angle less than the dip: there- 
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fore, outcrop patterns "vee" doxsnstream, 
and the streams Aolv over progressively 
younger formations. Some smaller streams 
and headwaters of larger streams maintain 
a gradient which exceeds the dip of the 
beds. Sear Turnersville in Coryell County, 
the Middle Bosque with a steep gradient 
cuts through the Kiamichi and descends 
into the Edwards. Farther downstream it 
enters the underlying Comanche Peak 
limestone. As the gradient decreases. the 
stream climbs the stratigraphic column, 
and the Kiamichi is again exposed near 
Windsor more than 20 miles do~vnstreain 
from Turnersville. The best exposures of 
the Kiamichi are usually in the banks of 
streams at the point where the Edwards- 
Kiamichi contact is at water level. Because 
the soft shales of the formation are rapidly 
removed from the stream bed. a conse- 
quent streain which crosses the Edwards- 
Kiarnichi contact tends to flow upon the 
top of the Edwards for long distances. The 
Kiarnichi is exposed in the banks ~r-it11 the 
Edwards in the stream bed for more than 
5 miles above the mouth of Childress 
Creek. h similar situation was observed 
in the banks of Middle Bosque R i ~ e r  near 
YTindsor. 

Upland exposures of the formation are 
rare. but a few were seen along the upper 
margin of stream valleys. The contact of 
the Edwards and Kiamichi is usually 
marked by a large bench caused by the 
rapid erosion of soft shale overlyins re- 
sistant limestone. The Kiarllichi slopes 
gently back from this bench and is usually 
concealed by overwash. Attempts to reveal 
these outcrops b!- removal of the OT-erwash 
were not successful. 

Outcrops of the Ecl~{-ards limestone usu- 
ally have a larger growth of trees than the 
overlying Kiamichi and Georgetown out- 
crops. If the approximate outcrop area of 
the Kiamichi is knolvn, it can be rather 
precisely located by examination of the 
distribution of trees. This may be accom- 
plished by aerial photographs or the recent 
photograinmetric map of the Waco area 
prepared by the United States Geological 
Survey. The Edwards is the controlling 

factor in the determirlation of locations of 
the Kiamichi based on the distribution of 
trees. The Kiamichi is found o n l ~  because 
it lies at the margin of the Ed~\ards  out- 
crop. and the Edwards-Georgetown contact 
can he determined in Bell County where the 
Kiainichi is absent. 

STRUCTURE 
The Lower Cretaceous rocks dip uni- 

forn11~- toward the east at small angles. Sur- 
face exposures of the Kiamichi in central 
Texas dip south of east at a rate of 20 to 50 
feet per mile. At whit~ley Darn the forma- 
tion strikes N. 10' E. and dips to the east 
a t  24< feet to the mile (Hull, 1951) .  Local 
variation in dip is due to domical reef strur- 
ture in the underlying Edwards limrstone 
and usually is the olil?- structure apparent 
i n  outcrops. 

The Kiamichi is composed of silt!- and 
calcareous shales. calcareous cia!-. and thin 
wavy-bedded and nodular limestones. 
Color varies fro111 dark gray to light yellow 
depending on the degree of ~reathering. 
The lithology gradually changes from the 
bottom to the top. but three general litho- 
logic divisions are usually recognized in 
outcrops. In ascending order the!- are silty 
shale. limestone. and calcareous clay. The 
clastics become finer grained and more 
calcareous from the base upward. Rela- 
tively non-calcareous silty shale and silt- 
stone in the lower part grade into calcare- 
ous clap in the upper part of the formation. 
The shales are composed of silt-size quartz 
poorly cemented ~ r i t h  calcium carbonate. 
Sand-size crystals of selenite are often 
abundantly disseminated throughout the 
shale and occur along fractures in the cal- 
careous clay. Limestones are more abun- 
dant in the upper portion where the>- occur 
as wavy-bedded la)-ers 1 to 2 feet thick with 
small shaly partings. In the lo~cer silty 
shale. thin limestone stringers 2 to 4. inches 
thick are common. A calcareous clay is usu- 
ally found at the top of the Kiarnichi. This 
clay contains macerated oyster shells which 
are scattered throughout the unit and also 



110 Brcreazc of Ecorzornic Geology. Tlzc Ci~iversity o j  Texas 

occur  in thin laminae of shell debris. The 
bed is usually 1 to 2 feet in thickiiess. al- 
though near Valley lIills a thickness of 6 
feet \\-as measured. This unit is well devel- 
oped i n  J I c L c ~ l n a ~ l  County, and  a typical 
exposure is located in  the road cut nortli of 
the town of Crawford. 

S ~ r n t  ' ~ r a p h i c  corztnct.s.-Both the upper 
a n d  lower boundaries of the Kianlichi are 
shar1] and eas'ly determined. T h e  lower 
contact is unconforn~able and very sharp 
with silt>- shale of the Kiamichi directly 
ovc~.l>-iiip dense limestone of tlie Edwards. 
T h e  c:ontact is  almost a l~rays  charac t~r ized  
L p  a rust color, which is the result of oxi- 
dat :on of iron a t  the top of the Ed\\-ards 
and does not affect the color of tlie Kia- 
n ~ i c h i .  Pel~ble-s'ze concretions of ~narcasi te  
occur in the porous tops of rudistid reefs 
i n  the Ed~vards. T h e  to11 of inter-recf lime- 
s t o n e ~  contain i r r e ~ u l a r  masses of marca- 
site a n d  iron-stai~ieci worm burrolvs. -41- 
thoup11 111e character of this iron-stained 
surface c11angc.s 11-iili 1-ariations ill the 
lithology of the Edward.: limestones. it is 
persistent and ma]- l ~ e  recognized through- 
ou t  c ~ n t r a l  Texas. At  Blum in Hill County 
this zone is marked 11y iron-stained fucoids 
a n  i~ lc l i  in diameter. Southward i t  contains 
marcasite concretions and iron stains into 
northern Bell Coulit?- where the Kianiiclii 
is al~seiit .  This iron-stained surface was 
also ohserved a t  the  type localit!- of the 
Kiamichi  formation near Fort Tolvson, 
Oklahoma. 

The  contact of the Kiamichi ~vi t l i  the 
overl!-ing Georgetown formation is sharp. 
IL u ~ u a l l ~  involves tlie contact of calcare- 
ous cia!- and dense limestone. Often a thin 
bed of shell debris 1 to 3 inches marks the 
contact.  This debris is composed of poorly 
cemented f r a g m e ~ ~ t s  of oyster shells and 
wit-h increasing cenlentntion grades into 
the 01-erlying limestone. These local con- 
centratiolis of shell fragments probably 
repre%ent a decrease in the ainount of clay 
being deposited which preceded the depo- 
sition of the overlj-ing limestone. 

Bedri'ir1g.-Stratification in the Kia- 
michi  is thin and  wavy. Individual I~eds  
range fro111 1 to 18 inches in  thickness aiid 

a re  usually about 6 inches thick. Tiertical 
variations in bedding correspond to the 
three lithologic divisions of silty shale, 
wax-!--bedded limestone. and clay. The 
dark  shales are  fissile and often form units 
up to 18 inches thick which may he dix-ided 
by t h i ~ i  stringers of liinestone. The  bedding 
units of the wavy limestones a re  usually 
about  G inches thick and are  separated by 
thin iliarly partings. These partings curve 
uniformly, p r o d u c i ~ ~ g  a wavy bedcliiig o r  
var!- in thickness. producing a nodular 
t y l ~ e  of bedding. K i t h  an increasing thick- 
ness of marl, way!- limestone may grade 
into a iiodular limestone or  even into a 
mar l  containing isolated lens-shaped nocl- 
ules of limestone. Tlle calcareous cia!- di- 
vision coi~tains thin beds of nodular lime- 
stone and 1;ght-colored laminae of high 
calcium carbonate content. Although litho- 
losic  zones may h e  follolved for great dis- 
tances. the individual beds are  not contin- 
uous. and rapid lensing occurs adjaceni to 
reef structures i n  the Ed~irards. 

-4ttempts at  detailed correlation of close- 
ly  adjacent exposures is usuall!- futile. 
Small receding or  projecting zones ma!- be 
correlated in  exposures 1 to 2 miles apart 
even though the type of hedding I\-ithin the 
zone has changed. The  Kiamichi is affected 
by  a facies change in the underlying Ed- 
wards limestone; therefore, the dificult!- of 
correlation is proportional to the di- stance 
between exposures and the rate  of facies 
change. Exposuresa  mile o r  more apart 
ma>- be closely correlated: but  exposures 
50 y r d s  apart a r e  difficult to correlate if 
one lies over a reef and the other lies 01-er 
a n  inter-reef facies. 

Slzell beds.-Interesting accumulations 
of shells n.ere observed in many outcrops 
and are  of two general types: Gryplzaea 
beds and shell debris. The Gryplzueu beds 
a r e  cornnlonly about G inches thick and are 
composed almost entirely of unbroken 
shells of the oyster gcanus Grypfzueu. Exo- 
gyrcl te.uctna and C?.prinzeriu texurzu are 
also found in these beds but: they a r e  rare. 
The  shells commonl!- occur in  a matrix of 
dark  shale; hou-el-er. they ma)- form a 
coquinoid limestone in places. Gryphaea 



hcds I\ ere obscrvcd in  the railroad cut near 
Valley Jlills and  in outcrops noltli  of that 
place near Wliitnel- Darn and Blunl. They 
a r c  limited to the lolrer part of the forrna- 
tion and arc associated with the lower siltv 
shale. These beds uere  found onlj- in the 
thicker qections of the IGamichi i 01 er 12 
f e e t )  and usually 01 erlie inter-reef facies of 
the Ed\ \  ards. In a road cut west of Thi tney  
Dam. a prominent Gr)phaeu bed lies a foot 
a11ox e inter-reef limestoiies of the Eclu ards. 
I n  a quarry 100 1 at ds south of the oad 
cut  hele the I<iamichi thins 01 ex a ludis- 
tid reef this bed jq lej~resented by a thin 
zone of al~umdant Gr,plzaeu a t  the top of 
the ieef. 

Limestone 11eh11les are associated ~t ith a 
Gr?phnea bed exposed in the railroad cut 
near  17alley Mills. These pebbles are 
rounded and irrepulally tabular in shape 
wit11 nlaximum dimensions of about 3 
iil(~liVs. The entire surface of the pebbles is 
11iyhl~- etched, and sand grains fill depres- 
sions in the top. T h e  pebbles a r e  composed 
of s~iblithograpllic limestone TI-llicll is 
penetrated by burro\\-s filled with crystal- 
l ine calcite. T h e  limestone contains abun- 
dan t  miliolid-type foraminifera ~vhich  com- 
monly occur in  the Ed~vards. Pehbles are 
found  where the Kiarnichi is locallj- thick 
and  become absent as  it thins  to^\-ard an 
adjacent reef. T h e  pebbles occur within a 
Gryphcreu bed a n d  in an underlying silty 
shale and argillaceous limestone. The Gry- 
phcren bed and silty shale a re  separated by 
a thin limestone in the thicker uarts of the 
formation but a r e  in contact in thinner 
pal ts .  The writer l ~ e l i e ~ e s  the pehhleq Tiere 
d ~ l  i~ ed from adjacent t o p o ~ i  aphically 
l i i g h e ~  leef flank limestones of the E r l ~  ards 
dur ing  times of high c~irrent activit!-. 

At  favorable tiines during the deposition 
of the Kiamichi, gr!-phaeas were common 
011 the  inuddv bot tom and after death their 
shells w r e  washed to lower parts of the 
l~o t ton i  by currents. The relief of the depo- 
sitional interface roughly corresponded to 
the relief of the u~iderl!-ing Edwards ; there- 
fore. shells were washed from above reef 
structures to be  concentrated above inter- 
reef areas. Association of limestone prhbles 
and  cocjuina suggeqts that they both Ivrre 

affecied by the dcl~ositional slopc and cur- 
rent action. This association ma!- seem to 
suggest an erosional origin f o ~  the Gry- 
phuea beds. but  it is noted that an ~znfossil- 
iferous shale also contained 1he.e l>el~l~les. 
Although some erocion undoul~tedl!- or-  
curred. the writer does not belie! e the G l y -  
phuecr beds were I~roduced b ~ -  erosio~lal 
concentration of large amounts of sparsely 
fossiliferous strata. 

Shell debris is coml~osed of i l ~ a c ~ r a t e d  
oyster shells. These beds vary fro111 resist- 
an t  limestones 2 inches thick to uncemrnted 
shell laminae a fraction of an inch in tliick- 
ness. Thin laminae a re  often red due to 
oxidation of i ron.  Shell debris with an ar-  
sillaceous limestone matrix is  usuall7- case- 
hardened in weathered outcrops. These 
resistant beds sholr a violet color on freshly 
l ~ r o k e n  surfaces and also contain small 
cul>es of pyrite: This  shell debris T\-as prob- 
ably formed during periods of s l o ~ i  depo- 
sition of clay. Some may have been formed 
b\- current action ~vhich caused I>y-passing 
of finer clastics and winnowiny of pre- 
viously deposited material. Shell debris 
occurs throughout the Kiamichi hut is most 
common in the upper portion. 

E,fects of weathering.-The silt!- shales 
and clays of the Kiamichi are poor]!- i l ~ d u -  
rated and will disintegrate in   TI-o or three 
minutcs upon being I\-etted af ter  drying. 
This  lack of lithification causes rapid ero- 
sion at outcrops. T h r  most striking feature 
produced by weathering of the forlnation 
i!: a color change from black 10 yellow. 
Silty shales and cia!-s are  dark pray to 
I~lack in fresh exposures. Lightrr s l ~ a d r s  of 
p a \ -  are common in highly c,alcareous 
shales. Unweathered limestones are  light 
gray to gray depending on the amount of 
ar~i l laceous material which the!- contain. 
Fresh exposures of the I<iamiclii are rare 
and  are limited to the banks of major 
streams and deep road cuts. ]lost espo- 
sures are  quite different in color from the 
yiays mentioned a11o~-e. The  shales and 
cia!-s are buff to orange yello\v due to the 
oxidation of contained iron. The limestones 
a r e  dull white to Iipht buff in  color. 

Weathering tends to destroy beddiiig of 
the formation. A prominent limestone bed 
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i n  a moderately weathered zone may grade 
into a disseminated chalky layer in a high- 
ly  weathered zone. Interbedded limestone 
and clay may have the appearance of marl 
after intensive weathering. The effects of 
weathering extend deep into the exposures, 
and unaltered material is usually not re- 
vealed by removal of a foot o r  two of 
weathered material. Highly weathered ex- 
posures which are ~vithin a few feet from 
the ground surface often show a buff and 
white color combination. This coloring is 
due to the presence of white specks of cal- 
cium carbonate which vas concentrated by 
the weathering process. Locally, the specks 
increase in size and induration, resulting 
in  calcite concretions. 

THICICSESS 
Distribution.-The thickest stratigra- 

phic sections in the area studied by the 
writer Trere found in northern outcrops 
near Blum in Hill County. Two measured 
sections in that area revealed thicknesses 
of 25  and 23 feet. The character of the 
Kiamichi at Blum is frequently described 
a s  a yellowish clay 19 feet thick. but the 
writer did not observe this exposure. Xorth 
of Blum in Johnson County the Kiamichi 
is reported to be 18 feet thick (Winton and 
Scott. 1922, p. 22) .  South of Blum in the 
vicinity- of Whitney Dam in Bosque 
County. the formation 1 aries from 10  to 14, 
feet in thickness. South~tard in McLennan 
County the outcrops average about 7 feet. 
The thickest exposure is 15 feet near Valley 
Mills. and the southernmost exposure in 
the county is a 3-foot section in the bed of 
Middle Bosque River. 

Outcrops of the Kiamichi formation in 
Coryell County display a large range in 
thickness. This is caused by a long distance 
of outcrop (30 miles) ~ + h i c h  is approxi- 
mately parallel to the direction of thinning 
and by the presence of an abliornlally 
thick stratigraphic section in the northern 
tip of the county. The writer has studied 
this section and assigns it a thickness of 20 
feet. but Thompson 11935, p. 1524) re- 
corded a thickness of 25 feet for a similar 
exposure. This discrepancy may be due to 
a difference in assignment of the Ed\+ ards- 

Kiamichi contact. which is of an unusual 
nature at this locality. Above thin-bedded 
Edwards limestones is 3 feet of buff shale, 
and resting on this shale is a 1-foot bed of 
sublithographic limestone. This limestone 
has an iron-stained upper surface and con- 
tains abundant miliolid foraminifera. 
Thompson probably referred the contact 
to the top of the thin-bedded limestones, 
but the !triter referred the contact to the 
top of the sublithographic limestone. The 
writer realizes that this assignment refers 
a considerable thickness of shale to the Ed- 
wards formation, but the lithology. thick- 
ness, ilon stain, and fauna of the limestone 
bed indicate an Edwards affinity. 

The southernmost outcrop of the Kia- 
michi in central Texas is on Horse Creek 
near Whitson in the eastern tip of Co~yell 
County. At this locality the formation is 
composed of 15 inches of buff shale. The 
thinnest exposure of the formation is 
northwest of Horse Creek at Eagle 
Springs. The Kiamichi here is 8 inches of 
marl which lies a t  the contact of the Ed- 
wards and the Duck Creek. This thin marl 
was assigned to the Kiamichi because it 
contains the Kiamichi variety of Kingena 
wacoensis. 

Isopach map.-Data obtained from the 
measurement of 20 complete stratigraphic 
sections Jtas used in constructing a map 
(fig. 23 ) .  A smooth sigmoid pattern indi- 
cating a general trend of thinning to the 
southeast resulted. The late of thinning is 
usual1~- one-half to 1 foot per mile. but it 
decreases as the zero isopach is ap- 
proached and is less than half a foot per 
mile south of the 8-foot isopach line. A 
uniform rate of thinning is indicated by 
the smoothness and spacing of the isopach 
lines. Local and rapid 1 ariations in thick- 
ness occur adjacent to reef structu~es in 
the underlying Edl+ ar ds. Usuall) these 
thickness changes are not of sufficient mag- 
nitude to change the general pattern of the 
isopach lines; howel el. an abnormally 
thick section of the Kiamichi exposed near 
Valley Mills (Stratigraphic Section VIII) 
causes a change of trend in that area. This 
local thickening is due to the position of 
the Kiamichi which is over a thin inter- 
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reef Eacies of the Ed~j-ards. At localiiies in 
which the formation lies above the reei 
facies and an adjacent exposure lies above 
a n  inter-reef facies. the t ~ v o  thickness 
mea.surements oljtained are avel.aged. 

Relation to adjcrc~rtt jor7~tatiorzs.-Per- 
h a p s t l ~ e  most significant result of this 
stud!- is a recognition of the detailed re- 
lationship of the Kianlichi to the Edwards 
formation. The regional thickness changes 
i n  the Kiamichi a r e  the reverse oC those in 
the Edu-ards. This  relationship has Ijeen 
knoxcn by  geologists for 60 years. An es- 
a m j ~ l e  ~ i i l l  acquaint the reader with the 
dimensions of these thickness changes. In  
T a r r a n t  County. Kinton and Adkins 
(1920)  recorded a thickness of 16 feet for 
the  Edwards and 2 7  feet for the Kiamichi. 
Southward the E d ~ i a r d s  thickens and the 
Kiamichi thins until in  Bell County the Ed- 
wards  is 55 feet thick i rldkins and  .hick, 
1 9 3 0 )  and the Kiamichi is absent. 

Local thickness changes in  the Kiamic-hi 
also a r e  the reverse of those i n  the Ed- 
wards.  This relation is excellentl!- dis- 
pla!-ed in central Texas due to the abun- 
dance of reef structures in  the Ed~j-ards 
xvhicli cause local thickening of the Ed- 
wards and thinning of the overlying I<ia- 
michi .  Local variation in thickness has 
been observed i n  norih Texas. Bybee and 
Bullard I 1927. p .  2 3 )  stated: ".Another 
point that has been noted, althouph its sig- 
nificance is not clearl!- understood. is that 
i n  the southern par t  of the county [Cooke] 
where the Goodland limestone is greatly 
increased in thickness the Kiamichi cia!- is 
relative1~- thin." 

I n  central Texas, small but rapid thick- 
ness changes a re  superimposed upon the 
regional thinning. These changes are  re- 
lated to lacies change in the underl!-ing 
Edwards f o r m a t i o ~ ~ .  Dul.ing Kiamichi time 
the depositional i t~terface i~iaintaii-ied a 
topo~i -aphy  ~vhich corresl~onded to the to- 
pograph!- a t  the top of the E ~ M - a r d s  for- 
mation. The Kiamichi was deposited on a 
gently rolling surface on which tlir reefs 
rose a s  highs and the intrr-reef areas liere 
topographic lows. The  relief of the bottom 
affected the thickness and type of sedi- 
ment  I~eing deposited throughout Kia- 

michi time. a l~ l ioueh  the effects I\-ere less - 
pronouncecl in t h r  upper Kiamichi due t o  
filling oC the inter-reef areas. Small dif- 
ferences in elevation rnay control sediinen- 
tation. and a1 thc j ~ i e s e n ~  time in thc Gulf 
of l l es ico  a change of 1 Ioot in  c lc~a t ion  - 
of the 1,ottom may cause a chanse in the 
type of sediment Ijcing deposited I H. F. 
Nelson. oral communication. 1933 I .  Ex- 
posures of the Kian~icl i i  which lie above 
reels are characterized by a thin ctrati. 
graphic section. thick limestone units. thin 
shale units. and thin Gryphaen beds. A 
chanze from reef to inter-reef area; 1\.ith 
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consequent change of rharacter of the Kia- 
michi may occur ~ i i t h i n  100 yards: in a 
railroad cut near Valley Mills some of 
these changes can he observed in a single 
exposuu'e. The bedding of the Kiamiclii is 
draped 01-er the bottorn topagraph\- ancl 
has  an initial dip where it lies on the flanks 
o l  reef.. This initial dip has been increased 
by djagenetic con~pact ion to form the ]Ires- 
ent  structure. A n  initial dip during sedi- 
mentation is indicated hp the thickenin? of 
linlestone units over the reefs and the 
prominence of Gryphaea beds abol  e the 
inter-reef facies. These features mu5t harc 
been localized by  the topography of the 
bottom. Some compaction occurred cluling 
deposition, and  this 7,-ould tend to main- 
tain the relief of the bottorn becau2e the 
thickness and shale-limestone ratio of the 
lolver parts of the bottom would cause 
more compaction to take place in  these 
arras .  

T h e  nri ter  constlucied a nonsperific 
lithofacies map of the Kiamichi in  the area 
of study. This was done by  plotting the 
shale-limestone rat io  of each stratipi apliic 
section on a base mar). It  was found that 
this ratio often increased as  much a2 30 
percent fro111 the reef to inter-reef area? of 
adjacent exposures ; therefore, the local 
variations masked the regional 1-ariations. 
The  random distril~ution of stratigraphic 
seciions in relation to reef and  inter-reef 
areas resulted in  a meaningless mall ~i-hich 
showed no significant trend but xras rathcr " 
a measure of local sedimentation. 

-4n interesting regional relationship rx- 
ists l,et\\-een the Kiamichi and the Denion 



a n d  Pa~vpaw members of the ol-erll-ing 
Georgetown formation. These units are the 
first three shales above the Edwards, each 
of ~ i h i c h  is~separated from the others by 
the limestones of the Georgeto~vn. These 
units show a similar rate of thinning from 
nor th  to central Texas. In Cooke County, 
the Denton and Pa~vpa lc  members are  each 
50 feet thick, and  the Kiainichi is 36 feet 
thick. These three shales thin southward 
illto McLennan County where the Denton 
a n d  Parvpa~v a re  about  5 feet thick and the 
Kiamichi  is 7 feet thick. The limcstoncs of 
the Georgetown also thin southward but 
not a s  rapidly a s  the shales. 

L-rzconjormity at the top of the  Kia7nichi 
[o~.rrzatiorr.-One purpose of this stud!; was 
to  determine the cause of thinning of the 
Kiarnichi. The presence of a n  unconform- 
it)- a t  the top of the formation is 
the rllost ~ v i d e l j ~  accepted explanation for 
this thinning. Dur ing  observations in the 
field and study of clata and samples in  the 
laboratory, the ~ r r i t c r  searched for indi- 
cations of unconformity at  this lex-el. Al- 
though local diastrms probably occur. the 
wri ter  does not believe the local or re- 
gional thickness changes in the Iciamichi of 
central  Tesas a r e  due  to the presence of 
a n  unconformity a t  the top of the Kia- 
michi .  

Thompson (1935. 11. 1529) statecl that 
a n  u~~conformi ty  is present a t  the top of the 
Kiamichi  in north-central Tesas. H e  based 
this assignment on  a n  explosive develop- 
meilt of a different arnrnonite fauna  in the 
Duck C1.eek member of the ox-erlying 
Georgetown formation: variation in  thick- 
ness of the Kiamichi in  north Texas and 
i t s  absence farther south, the presence of 
pel,l)les at the contact of the Kianlichi and 
',Duck Creek i n  '\Tiestover Hills a t  Fort 
Wor th :  and the increase in porosity of the 
Edwards  limestone south of Coryell County 
~ v l ~ e r e  the Kiamichi is absent. Scott and 
Arlnstrong (1923: 13. 59)  fouild e1-idence 
of 311 unconformity or  a diasteln a t  tlie top 
of  the Kiamichi i n  K i s e  County. The  n8avy 
contact of the Kianiichi and Duck Creek 
i s  nlarked by a "rusty" seain i n  a-hicli one 
of the authors found a rou i~ded  quartz 

grain allnost half a n  inch in diameter. Ad- 
kins and Arick ( 1930, p. 40)  stated that 
the ~ o s i t i o n  of the Kiamichi a t  the Ed- 
wards-Duck Creek contact in  Bell County 
is  marked by  a n  unconformity. They ob- 
s e r d  that the top of tlie Edwards was 
irregularly corroded and pitted and  locally 
scoured out to a depth of a foot. 

The  writer believes that the presence of 
a n  unconformity at  the top of the Kiamichi 
i n  central Texas is untenable and that the 
local and regional thinning cannot be ex- 
~ l a i n e d  by erosion of the Kiamichi during 
a post-Kiamichi, pre-Duck Creek interval. 
T h e  teilzones of the nlegafossils of the Kia- 
miclli in central Texas may be divided into 
two general groups. The lower group 
(more than 1 0  feet belorv the top j is char- 
acterized by Gr~.phaea mucrorzata. Exo- 
gyra teruna, and C~prin1,eria tcn-ar~a. The 
upper proup contains Heteraster, Cry-  
'phaen ~ z a c i a ~  and En-ogyra plexa. If the 
Kiamichi thins clue to erosion from the 
top. thin exposures should contain the 
lo~ver  group of fossils. The reverse is true, 
slid all exposures ~\-hich a re  less than 10 
feet thick contain only the upper group. 
This  indicates that the thinning is from 
the bottom and not from the top. 

The  Kiamichi-Duck Creek contact ap- 
pears conformable in central Texas. There 
is  a faunal break at  this contact T\-here 
O.xytr~ol~idoceras and Gryphaea nuvia 
cease their upward range and a re  replaced 
b!- a rapid develo1)ment of large ammo- 
nites in the Duck Creek. This  change it1 

fauna  is obvious but may 1)e due to a 
change from clay to linlestone as  much as  
to difference i n  age. Commonly there is a 
thin shell debris a t  the base of the Duck 
Creek. hut these are  conlinon throughout 
the Kiamichi and are  usually found i n  
other formations a l  the contact of a fossil- 
iferous shale and a !imestone. The shell 
d e l ~ r i s  probably indicates slow de~~os i t ion  
which preceded deposition of the 01-erlying 
limestone. The occurrence of quartz peb- 
bles in north Tesas,  which h a x  been re- 
ported froill only two localities and a re  
found only after diligent search, do not 
necessarily indicate an unconformit!- but 
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only that the transporting mediunl was 
competent enough to move a pebble to 
that area. 

Unconfornzity a t  the base of the Kia- 
michi formation.-The Edwards-Kiamichi 
contact (base of Kiamichi) is unconform- 
able in central Texas. Throughout central 
Texas the top of the Edwards is iron 
stained and contains rnarcasite rvhich 
weathers out leaving a corroded and pitted 
surface. The tops of reefs are conlmonly 
porous and contain ~narcasite concretions. 
Worn1 borings are present at the top of 
some inter-reef limestone. These indica- 
tions of unconformity remain a t  the top of 
the Edrvards and cross the zero isopach 
line of the Kiamichi without apparent 
change. The writer examined the surface 
a t  the top of the Edwards on Leon River 
east of Belton where distinct evidences of 
unconforlnity have been reported (Adkins 
and Arick, 1930, p. 40).  This surface ap- 
pears unconformable and is similar to the 
top of an inter-reef limestone exposed on 
Childress Creek near the McLennan-Bos- 
que County line. At the top of the Edrvards 
in both these exposures is a limestone bed 
which is  about 16 inches thick. The sur- 
face of this resistant layer is corroded, iron 
stained. and penetrated by worm borings 
which extend dow-11rrard to a maximum of 
7 inches in the exposure on Childress 
Creek. There is more than 10 feet of Kia- 
michi above the Edxards on Childress 
Creek and the Kiarnichi is absent on Leon 
River. Thus the unconformity is a t  the top 
of the Edwards limestone regardless of the 
presence or absence of the Kiamichi. 

Cause of thinning.-The Kiamichi for- 
ination onlaps the unconformable surface 
a t  the top of the Edu-ards limestone. This 
southward onlap produces the observed 
regional thinning of the formation. Onlap 
is indicated by the presence of an uncon- 
formity at the base of the Kiamichi and 
by evidence that the fornlation thins from 
the bottom. 

It also appears that the Duck Creek 
member of the Georgetown formation on- 
laps the Edwards in the area where the 
Kiamichi is absent. A zone of Kir~gena 

wacoensis which is usually found about 1 
foot above the top of the Kiamichi in Mc- 
Lenna11 and Cor)ell counties is found rest- 
ing on the Edwards in the filst strati- 
graphic section in ~ h i c h  the Kiamichi is  
absent and is not found in exposules south 
of that place. 

Local variations in thickness. as ex- 
plained on page 114.  are due to the uneven 
topography upon rvhich the Kiamichi was 
deposited. 

PALCO\TOLOGY 
Fazcizul aspect.-The fossils of the Kia- 

nlithi are closely related to the Fredericks- 
burg. and forms such as Exogyru tezana 
and Oxytropidocerus are distiactl!- Fred- 
ericksburg in afinitr. Its relation to the 
o\ erlying Washita d i ~  ision is less apparent. 
but one connecting sl~ecies is Iiilzgena 
wacoensis which is found in the upper most 
Kiamichi and basal Duck Creek in IIcLen- 
]Ian County. 

A bztndance o j  jossi1s.-Locally gry- 
phaeas are of such abundance that coqui- 
nas are formed and fossils are common in 
most exposures. The shales are usually 
more fossiliferous than the limestones. but 
this ma!- be more apparent than real due to 
the relative resistance of the litholop>-. and 
most limestones reveal cross sections of 
rccrl-stallized shells rchen a fresh surface is 
exposed normal to the beddins. L-sually 
the lo~ver silty shales of the formation are 
relative1)- unfossiliferous. but intercalated 
Gryphaea beds are present in some locali- 
ties. 

Faz~rzu of enclosing jormations ut tlte 
stratigraphic contacts.-The Kiamichi is 
 aleon onto logically distinct and a lapid 
change in fauna as well as lithology occurs 
at both the lower and upper contacts. The 
louer contact a t  the tor) of the Edvards 
commonly exposes a pelecypod reef Ivhich 
is conlposed of coral-like rudistids. cham- 
ids. and mytilids such as Eoradiolites, 
Monopleura, and Chondrodonfa. IIegafos- 
sils are usually rare in inter-reef Edrvards 
but small gastropods occur locally. .A thin 
section of inter-reef limestone prepared by 
the  triter contained foraminifera of the 
genus .lliliolina and Dictyoconus ualnut- 



ensis ( Carsey). As ],re\ iously stated. lime- 
stone 11ebbles found in the lower Kiamichi 
near Valle!. Mills also contain miliolids. 

T h e  upper contact of the Iciamichi ~ i t h  
basal Duck Creek marks the beginning of 
a rap id  de\clopment of ammonites in the 
Duck Creek. Idiohamites Jremonti O l a r -  
cou)  a n d  Kirzgena u~acoensis (Roemer)  
occur at the base of this ammonite zone 
with large forms of Eopachydiscus R ' r i ~ h e  
and Perzir~qzcieria a fev feet higher. The 
zone of Idioilamites and Icingena is  re ly 
persistent and can h e  recognized in almost 
every exposure. Iiingena usually occuzs 
about  1 foot above the top of the I<iamichi 
and often forms a thin coquinoid limestone 
at  this horizon. On Stamrjede Creek in Bell 
County. which is a short distance soul11 of 
ihe southernmost exposure of the Kia- 
michi. this zone of Kirzpena is a discon- 
tinuous 1-inch cocruinoid limestone \chic11 
rests directly upon the iron-stained top of 
the Edwards. It  is absent farther south at 
the Fredericksburg-W-ashita contact on 
Cedar Creek and Leon River. 

Fauna.-Common fossils of the Kia- 
michi of central Texas are  shown i n  Plates 
37 and  38. and their s t r a t i ~ r a p h i c  relation- 
ships a r e  sho~rrn i n  the correlation chaits 
(PI. 39).  The most characteristic and 
abundant  fossil of the formation is Gr3- 
phaecr rzuzia Hall. I t  occurs only in thr  
Kiamichi and is common in most exrlo- 
sures. I t  is usually found in thin exposures 
or in  the upper par t  of thick exposures. 
Oxytropidoceras sp. aff. boesei Kneclltel is 
common throughout the formation and 
usuallv occurs i n  the  shales. Coml~lete 
specimens of this large ammonite a r e  rare 
because of rapid  eath he ring of the first 
exposed surfaces, bu t  only a portion of the 
coil is  necessary for  identification. 

Gryphaecr nzucrorlatu Gabb was found 
only in the lower par t  of thick exposures 

of the Iciamichi and is the dominant 
species of Gryphaeu beds. This  ~pec ies  
forms thick argillaceous coquinas at  the 
]lase of the formation near Bluin. Gry- 
phaea naz ia Hall is common in the upper 
part of the exposure: a form which appeals 
transitional between Gryphaea mrtcrorluia 
and  Grjphaea nazia occurs in  the inter- 
vening beds. 

b 

Exog) ra texana Roemer is often found 
in the lover  part of thick sections of the 
I<iarnichi vhere  i t  is commonly associaied 
with C?przmeria tezana (Roemei l . One 
specimen of E x o g ~ r a  texana was found 
within 3 feet of the lop of the Kiamichi on 
Childless Creek, and  Cyprinzeria I\ as 
found as  high a s  8 feet helow the top. 

Ezog?ru plexa Ciagin and Heteraster 
adkirzti Lambert usuallj- occupy a zone 
about 2 01 3 feet thick at the top of the 
formation. This zone is lather r~eisistent 
and  can be recognized froin Blum to south- 
ern 3IcLennan County. Pecten irregularis 
Rose occurs sparingly throughout the Kia- 
michi. 

I11 southern McLennan County and east- 
ern Car?-ell County a T ariety of Iiirzgerza 
wacoerzsis Roerner is found in the upper 
few inches of the Kiamichi. These kineenas 
a r e  smaller and more symmetrical than 
the ones nhich a r e  about 1 foot above in 
the basal Duck Creek. The shape of the 
two 1-arietirs is shou 11 in Plate 38. 

Since the Kiamichi thins from the hot- 
tom, the lower and  upper fossil zones a re  
present in areas i n  uh ich  the Kiamichi is 
thick. but only the upper zones persist into 
areas in  which the formation is thin. Fossil 
zones are  condensrd in areas where the 
Iciamichi formation is thin. This  is 11ro11- 
ably due to less deposilion in these relative- 
ly positive areas durilir; the time sl)anned 
11)- the fossil zone. 

Observations made in the field and  re- trees than the 01-erlying I<iamichi o r  
sults of the laboratory work led the 11-riter Georpetox\n outcrops. thc positio~z of the 
to the follo~ving conclusions in regard to Kiamichi may be  estimated by  inspection 
the Kiamichi formation in central Texas. of the distribution of trees on an aerial 

1. Because outcrops of the Edwards photograph or photogrammetric map. 
limestone usually have a larger g r o ~ r t h  of 2. Stratigraphic s e c t i o ~ ~ s  of the Kia- 
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michi can usually be divided into three 
general lithologic divisions. I n  ascending 
order  they a r e  dark silty shale: thin wavy- 
bedded and nodular limestone. and cal- 
careous clay. 

3. Gryphaea beds composed of large 
oyster shells of the genus Gryphaea are  
present in the thicker sections of the Kia- 
michi and a r e  more prominent in expo- 
sures  which overlie inter-reef limestones of 
the Edwards. These beds thin as a reef 
structure is approached. T h e  accumula- 
tions were formed by washing of the shells 
t o  the lower parts  of the bottom ~ i h i c h  were 
abol-e the inter-reef facies of the Edwards. 

4,. The presence of limestone pebbles in 
the  lower Kiamichi near 'I'7alley Mills 
x h i c h  contain abundant miliolid foramini- 
f e r a  irtdicates that parts of the  Edivards 
were topographically higher and exposed 
t o  erosion dur ing  Kiamichi time. 

5. i ln  isopach n ~ a p  of the Kiamichi for- 
mation shows a ~ e n e r a l  trend of thinning 
to the southeast at rates of one-half to 1 
foot per mile. 

6. Local variations in thickness of the 

Kiarnichi formation a re  due to the topog- 
raphy at  the top of the underlying Edwards 
~ i h i c h  affected deposition during Kiamichi 
time. The pelecypod reefs of the Edwards 
Iiere topographic highs and  the inter-reefs 
areas were loa-s. This relief resulted in  
thinner and more calcareous deposits over 
ihe reef facies. 

7. The Ed~iards-Iciamichi  contact is 
uriconformable in  central Texas. The top 
of the underl!-ing Edwards limestone is 
corroded, pitted, and b u r r o ~ i e d  and con- 
tains nlarcasite concretions. These indica- 
tions of unconformity a r e  present in cen- 
tral Texas where the Iciamichi is present 
and in northern Bell County where the 
Jciamichi is absent. 

3. The regional relation of fossil zones 
to distribution of formational thickness 
indicales that the ICiamichi thins from the 
1?ottonl. , 

9. The ICianiichi formation onlaps the 
unconformable surface a t  the top of the 
Ed\\-ards limestone. This southxvard onla], 
produces the observed regional thinning of 
the formation. 
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APPENDIX. DESCRIPTION OF STRATIGRAPHIC SECTIONS 

Section I 
!Vortll side of bridge over Nola r~  R i ~ e r .  0.25 mile rioitll of BILLI~ .  Hill County. T e ~ n s :  lor~gitude 

97"24'17". latitude 3Z009'00". 
Feet 

Comanclie series 
T\.asllita group 

Georgetown formation 
Duck Creek n1eml)er 

. . . . . . .  22. Limestone: t1:iri bedded ...................... . . . . . . . . .  5 
21. Limestone: very resista~lt.  massive, shell f~.agmeiits abundant near tlie bottom. 

small coiled ammonites rare: Kingena iuacoensis rare . . . . . . . . . . . . . . . . . . . . . . . . .  
Fredericksburg group 

Kiamiclii formation 
20. Covered: l~uff-colored shale e ~ p o s e d  in a few places and a t  the top ................ 5 
19. Shale; buff, poorly exposed, Oxytropidocerus sp. alf. boesei Knechtel rare ... 3 
18. Limestone: resistant, shell fragments abundant. violet on ires11 fracture .... 

........................ 17. Shale; calcareous, buff . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
16. Limestone: ~vi th interbedded shale, thin shale near  the top contains abundant 

. . . . . . . . . . . . . . . . . . . .  shell debris and some Gryphnea navia . . . . . . . .  3 
15. Limestone: wit11 shaly partings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
14. Shale: calcareous, buff . . . . . . . . . . . . . . .  ...................................... 1 
13. Shale: tan: thin limestone bed at  top a n d  l~ot ton ................................... 

................................................................ 12. Shale ; calcareous, receding 
11. Limestone; resistant, shell fragments abuntlant in uppev half. C;rl.p/iaea sp., 

Pectel~. sp.. and small oysters coliln~on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10. Shale: calcareous, gray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
................................................................ 9. Limestone: resistant 

8. Shale ; silty, gray and buff ......................................................................... 1 
7. Limestone; resistant, gray \\-hen fresh .............................................. 
6. Shale; calcareous, gray and  bull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

................................................................... 5. Limestone: resistant 
....................................................... 4. Shale: calcareous, rust a n d  gray 

3. Limestone: violet on fresh fracture, coc~uinoid lrith Gryphueu mucrorLata 
Gabb, small oysters, and  Exogyra terarla rare ....................................... 

2. Shale; silty. calcareous, buff, Gryphaea sp. c,on:mon (Pl. 37, figs. 7-9) ........... 1 

..................... Total Kiamichi 25 5 
Ed~vards formation 

1. Limestone: resistant, massive, gray. iron oside-stained fucoids or burrox\-s 
about one-fourth inch in  diameter are  present at the top ........................... 5 

Section I1 

Bunkr of Rock Creek. 2.2 miles sollt11-sorctheast o j  Blurn: Hill Cozs r~ t~ .  Texus; longitnde 9i023'24", 
Lntitilcle 32"06'33". 

Feet 
Comanche series 

W'asl~ita group 
Georgetolvn fol.mation 

lluck Creek men111er 
18. Limestone: massive, weathers \vliite, resistant: shell fragments rare, Exogyrrc 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s p . r a r e  1 
17. Limestone: ~vliite, fucoidal  eatlie lie ring, small Pervir~qriieria sp. rare, Erogyrn 

3 plexa common, contains two sl~aly partings ...................................... - 
Fredericksburg group 

Kiamichi formation 
16. Limestone; sliell debris, gray soft shell debris a t  the liase contains large 

Gryphaea nuvia, Exogyra plesu, and small Gryphaea sp. ........................ 
15. Shale: gray. xrith nodular limestone and  thin \I-al-y heds of limestone, Exogrc~ 

plexa a n d  O.~ytropidocerns sp. aff. boesei Knechtel common .... 3 
11. Limestone: resistant, fucoidal at top .......................................................... 

13. Shale;  gray. with some white limestone .................................................. 1 
12. Limestone; resistant, el-enly bedded .......................................................... 
11. Shale: calcareous, with nodular limestone, Gryphaea 1~az;in abundant in  two 

continuous limestone heds. Oxytropidocerus sp. aff. boesei Knechtel and  
Exogyrn p le .~c~  common in the upper part ......................................... 3 



10. Limestone; a shell debris composed of Gryphaea and other oyster shell frag- 
ments ............................................................................................................... 

9. Shale; silty, calcareous, thin lirrlestone shell del~ris at  the base, Gryphaea 
nauia common, Pecten sp. rare ............................................................. 

8. Limestone; shaly, Oxytropidocerus sp. aff. boesei Knechtel rare .................. 
7 .  Limestone; resistant, gray, shaly parting a t  the base ................................. 

6. Limestone: sandy, resistant: buff ....................................................................... 

5. Shale; silty, gray, nodular limestone in the middle, Cyprimeria texana and 
Oxytropidoceras sp. aff. boesei Knechtel rare ..................................................... 

4. Limestone; shaly, shell bed at  the base containing Gryphuea mltcronata Gabb 
............................................................ 1 P1. 37: figs. 4-6) and Exogyra texana 

3. Shale; gray. silty shell debris in the middle contains abundant Grypizaea 
n~ucror~ata Gab11 ................................................................................................. 

2. Limestone; shell debris, gray-, lower contact irregular and sharp ..................... 
- 

...... . . . . . . .  Total Kiamichi. 
Edwards formation 

1. Limestone; massi~e,  resistant, iron.stained fucoids and borings filled \\-it11 
iron-stained shell debris occur at  tlie top ..................................................... 

Section 111-A 

North side of road cut 2.2 miles east oi  inrersectior~ of /arm 215 and State Highway 22 between 
Clifton and P'hitney Danz, Bosque Courlty, Te.ms; longitucie 9i025'09", Latitzide 31°51'28". (PI. 34) 

Feet 11lches 

Comanche series 
W-ashita group 

Georgetolvu formation 
Duck Creek member 
21. Limestone; thick wavy bedded ~ri t l l  thin shaly partings .................................... 6 
20. Limestone; resistant, projecting, massive, thin sliell debris a t  the base with 

wavy lower surface, Idiolzamites sp. common. a zone of abundant Kir~gena 
wacoensis occurs 1 foot above tile ljase ....................................................... 1 10 

Fredericksburg group 
Kiamichi formation 

19. Shale; buff and gray, some thin layers of limestone occur, Exogyrc~ plesa and 
Heteraster sp. common, Alectryor~iaP sp. rare ..................................... 1 10 

18. Limestone; resistant, violet on fresh fracture! small shell fragments 
abundant ................................................................................................... 5 

17. Shale; tan, gray- ivllen fresli, oyster sliell fragments and Exogj.ra pleza 
common 7 - ..................................................................................................... 

16.  Limestone; resistant, violet on fresh fracture. small shell fragments abun- 
dant ............................................................................................................ 3 

15. Sliale; tan, gray ~vhen fresh .................................................................... 8 
14. Limestone; wavy bedded, gray, \reathers to tan, contains shaly partings 

wit11 Gryphaea navia common ................................................................. 2 8 
13. Limestone; an iron-stained laminae of shell debris at the base ...................... 6 
1%. Limestone ; ~ i i t h  silty shale, tan ...................................................................... 1 11 
11. Limestone; tan after weathering and gray when fresh. Gryphaea mucronnta? 

and internal molds of Turritella? sp. common ........................................ 4 
10. Shale; with limestone, tan, silty, gray when fresh .................................... 2 6 
9. Limestone; silty, gray weathering tan, wavy bedded ........................................ 4 

...................................................................... 8. Shale; siltv: gray weathering tan 8 
7. Limestone; argillaceous, tan ............................................................................... Z 
6. Shale; siltv. gray ~reatftering tan ................................................................ 5 
5. Limestone; coquirioid with Grypliaea mucronata Gabb ................................... 4 
4. Shale; dark gray, small fragments of oyster sitells abundant . . . . . . . . . . . . .  4 
3. Shale; silty, dark gray .................................................................................... 8 

.................... Total Kiamiclii 14 3 

Ed5\-ards formation 
2. Limestone; inter-reef facies, thin l~edded, clastic, fine grained, iron stained 

...................................................................................................... at the top 7 5 
1. Limestone; reef facies, massive. vuggy, Ci~onclrocionta munsoni and Eorudio- 

........................................................................................... lites sp. abundant 9 
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Section 111-R 

Snzcill quarry 100 ?.cirds south o j  Sectiorl Il l -A.  
Feet 111ches 

Comanche series 
Wasliita group 

Georgetown formation 
Duck Creek member 
11. Limestone: massive, saccliaroidal, gray uheli fresh turning ~rl i i te  after 

exposure to  rea at he ring, projecting, shell fragments . . . . . . . . . . . . . . . . . . . .  1 3 
Fredericksburg group 

Kiamiclii formation 
13. Limestone : coquina of small Gryphaea sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
12. Sliale; clayel-, buff and  gray 1vit11 wliite specks xc-liicli become more numerous 

near tlie top. 3-inch shale  a t  tile base i s  fol lo~red by a 5-inch ledge of lime- 
............. stone, contains Heteraster sp.,  Erogyra plera ,  and Alectryonin? sp. ? 4 

11. Limestone: resistant, projecting. a sliell dehris. violet on fresh fracture, con- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tains small cul~es of pyrite 3 

10. Sliale; calcareous, receding. I~uff xvith white specks, E r o g p a  plexa and  
............................................. Gryphaea nai:in common. Pecteit sp. 1 

9. Limestone: wavy bedded. indistinct shale partings, Gryphaea i~ncia  common. 
H o m o n ~ ~ a ?  sp. and Heteruster sp. rare in the upper p a r t .  . . . . . . . . . . .  '7 

. . . . . . . .  8. Limestone: an oyster shell debris, iron strained . . . . . . . .  1 
7 .  Limestone: ~\.ith shaly partings. limestone contains sliell fragments. Gryphaen 

rlaztia common in shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  1 1  
6. Sliale; calcareous, buff with ~vllite specks. a l~undant  Gryphaecz sp.: internal 

. . . . . .  . . . .  . . . . . . . .  molds of Turritella? sp. common 6 
5. Limestone: a Grypilaea i ~ e d .  loosely (:emellied in  places, Gry/)hiien rnr~cronatcl 

.............. Gabb abundant  . . . . . . . . . .  . . . . .  . 4 
1. Sliale; calcareous, silty, bulf. Gryphaea n!rtcronntn Gabb a n d  internal molds 

. . . . . . . .  . . . . .  of Turritclln? sp. common 1 
3. Shale; calcareous, silty, with \vary-bedded limestone, bufI \\.it11 xvliite specks. 

gray when fresh . . . . . . . . . . . . . . . . . . . .  ......... . . . .  3 j 
2. Shale: calcareous, silty, \ \ -~at l iers  to a IluR color ~vitli white s1jecks. Gryphnect 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  nzucroncitn Gabb coquina a t  tire base 1 2 

. . . . . . . .  Total Kiamiclii 1'7 4 
E d m r d s  forniation 

1. Limestone: - - reef facies, q g y .  red zone a t  the top. Monoplelirn sp. and Chon- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  drondon tn nzliiisoni abundant  5 

Section IV 

TKO-tenths inile eust oil rocrd whici1 trirl~s off State  Higiiwny 22 a t  the x c s t  end of IT'hitrie? Drrn~, 
Bosque County, Texas: longitude 9T01 7'08"; latitude 31 "51'51". 

Feet 1~1ches 
Comanche series 

Wasliita group 
Georgetown formation 

Duck Creek member 
7.  Limestone: tan. resistant. in places this unit tliickens dolvn\val.d and causes 

unit 6 to thin. Idiohamites sp. rare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
6. Limestone: gray, slialy parting at  tlie top and l~ottom, unidentified shell frag- 

iilents, Kingerza wncoensis rare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
5. Limestone: resistant, gray. tan on weathered surface . . . . . . . . . . . . . . . . . . . . . . .  7 

Fredericksburg group 
Kiamichi formation 

1. Shale; rust  and white, Erogyrcc pleza a n d  Gryl~haea rlavin common, Alec- 
t ron ia?sp . ra re  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 '7 

3. Limestone; a shell debris. violet on fresh fracture. 2-inch slialy parting in the 
middle contains Exogyra plern and Holectjpus sp. ................................. '7 

2. Sliale; ~veatliered to a rust and white color. bottom part poorly exposed. 
Gryphaea ?incia zone 27 inches below top. Exogyra plexci common in the 
upper part.  t ~ \ - o  iron oxide-stained laminae of shell debris in the upper part  . 9 8 

............. Total Kiamiclii 11 10 
E ~ I \ - a r d s  formation 

1. Limestone; massive? ~ r i t l i  ii1distinc:t bedding del-eloped by  rea at he ring, pink 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  doe to iron oxide stain 8 4 



Sec t ion  V 
0 7 2  Coon Creek 200 ~ c t ~ d s  upstream f r o m  concrete ford on Smith's Bend road. 3 miles sori t i~ea~t  oj  

lV / z~ t rze~  Dam, Bosqrte Coi~nr) ,  Texas: longitiide 9i020'51". latltclde 31 "49'38". 
Feet Iricl~es 

Comanche series 
Washita group 

Georgetown formation 
Duck Creek member 

9. Limestone; thin shell debris at the base contains small Grypizneu sp.. zone o f  
Ringena zcmcoensis 10 inches above base, small Pertinquieria sp. rare ............ 1 8 

Fredericksburg group 
Kiamicl~i  formation 

8. Shale; Ezogyra plexa and Alectryonia? sp. common ............................ 7 
7.  Limestone: Grypi~aea navia common, Oxytropidoceras sp, a f f .  boesei Knechtel 

........................................................................................... rare ........ 1 
6 .  Shale; clayey, b u f f ,  Exogyra plera. Heterester atikinsi, and Orytropidocerccs 

....................................................................................... sn. a f f .  boesei Knechtel 1 1 
5. Limestone; a ~ ~ g i l l a c e o ~ ~ s ,  shaly partings i n  the middle, Gryphaea navia 

.......... common 2 3 
4. Shale; clayey? shell debris at the top with Gry]~haea navia c o n ~ m o n  ........... 3 
3. Limestone: argillaceous, l ight  gray .......................................................... 3 

2. Shale; clayey* rust and gray, small Gryphaea nacia rare near the top, t\'o 
................................................................... thin beds o f  limestone near the base 4 10 

1. Covered b y  stream gravel. T h e  top o f  the Ed\vards is probably within a foot 
of the base o f  the above uni t .  A short distance downstream from the con- 
crete ford is an exposure o f  the lolt-er 8 feet o f  the Kiamichi ~vi t l l  Gryphaea 
navia near the top. 

Sec t ion  VI--4 
On Cizildress Creek 2 niiles upstream jrorn its mortii~. .llcLennan Count?, Texas ;  lorigitrtde 

97"18'37". lutitude 31 "-12'21". (PI. 34) 
Feet 

Comanche ~er ies  
Wash i ta  group 

Georgetown formation 
Duck Creek member 

.............. 14. Shale; calcareous. forms a  lightly receding zone ........... 

13. Limestone; coquinoid with Kingena zuacoerzsis (PI .  38, figs. 9, 10) and small 
sl~ells, resistant, massive, projecting ............................................................. 1 

Fredericksburg group 
Kiamichi formation 

12. Limestone: coquina o f  Kingerm zc.acoerzsis and  small Gryphaeci p . :  loosely 
.............................................................................................. cemented 

11. Limestone: ~\.al-y bedded, slialy pnrting at the top. receding, Exogyra plexa 
3 rare ................................................................................................ - 

10. Shale; calcareous, in some places a nodular limestone is  present in the 
middle o f  this unit,  Grypflaea nauia common ............................................. 

9. Limestone: T\-avy bedded, with shaly partings ......................................... 2 
8. Limestone alternating with calcareous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
7 .  Shale; calcareous, receding ......................................................................... 1 
6.  Shale; dark gray. silty ..................................................................... 

5. Limestone: nodular, argillaceous, gray ~ v h e n  fresh. tan on weathered surface .. 
4. Shale; dark gray. silty .............................................................................. 1 
3. Limestone; nodular, argillaceous, gray on fresh surface and tan 011 ~veat l~ered 

................................................................................ surface ......... 

........................................................... 2. Shale; dark gray, silty- 

. . . . . . . . . . .  Total Kiamichi 10 8 
Ed~vards formation 

1. Limestone; m a s s i ~ e ,  resistant, reef facies, contains ~Ilono~leztra sp. and mar- 
................................................................................ caslte concretions 3 

Sec t ion  VI-B 
Oil. Ciiildress Creek 2.2 rniles upstream jrorn its mozitA. near McLen71un-Boscjr~e Cozcnty liile, in 

M c L e n ~ l n r ~  Cozolty, Texas :  loiigitude 97"19'30", latitude 31 "$2'30". 
Feet lriches 

Comanche series 
Washita group 

Georgetown formation 
Duck Creek member 
12. Limestone; sha1)- parting a t  the i~ot tom, fucoidal ~veathering, Gr>./~iiaeu sp. 

rare ................................................................................................. 1 Y 
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11. Limestone: resistant, slialy pasting 7 inclles nl~ove base contains Kingenc~ 
wacoensis arid Idiohanrites sp. common . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 

Frrtlericksburg gr-oup 
Kiamichi forniation 

10. Limestone: impure, upper  part shaly and contains E r o ~ r u  l~lexn. Gryphuea 
nacia, Neteruster sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ................ 2 6 

9. Shale; sllell tiel~ris, large Gr?pi!uec~ nat.ia common ...................................... 2 
8. Limestone : irnpure .......................................................................... 6 
7.  Shale: sllell debris, contains shark teeth, Exog?.ra terarm, slilall Gryphaea sp., 

. . . . . . . . . . . . . . . . . .  large Gr?.l~irczea 71at.i~ ......................................... 2 
6. Limestone: impure, P e c t e r ~  sp. rare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
5. Shale; silty. gray, with impure wavy-bedded liniestone ............................. 4 10 
-1. Limestone: impure .............................. .................................... 4. 

................................................................................... 3. Shale; gray: silty 9 

Total Kianiichi ................. 10 3 
Edwards fol.n~ation 

2. Limestone: calcarenite, resistant, massive >-et lieatherin? thin Iledded in 
places, pyritiierous zone a t  tlie top, 0.1-inch diameter lloring: estending 
tlolvn from the top to a n~asi inum of 7 inches. a thin section of this unit con- 

.......... tained miliolid foraminifera arid Dictyoconrts ucilnc~tensis (Carsey) 1 4 
1. Limestone: massive, soft, ~v l~ i te :  contains Dictyoconc~~ walriutensis (Carsey) 3 

Section VII 
.Six (!rid a half niiles northeast of Turnersaille on Farni Road 182, Correll Coz~nty, Te.7u.s: Iongituc1e 

9i030'22", Latitude 3 1 "  10'50". 

Feet Irzchrs 
Comanclie series 

X'ashita group 
Georgetown formation 

Iluck Creek member 
8. Limestone: poorly esposed, resistant, gsal-. unidentifiable s l~el l  fragments 

common. shaly parting in the ~niddle in places ............ ................. 1 5  
Fredericksburg group 

Kiamichi formation 
7.  Shale: calcareous, l ~ u f l  and ~vhite, Erogyrci pleza and  Gr?phaea naz:ia 

? common . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6. Limestone: resistant, gray purple on fresh fracture, contains man>- small shell 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fragments 5 

5. Shale: ~ r i t h  thin layers of limestone, silty near the base, Grj.Ii/!nea sp. rare. . I 1  
1. Shale; clayeb-; bull a n d  gray, Esogyra ternria (Pl. 38, fig. 8 )  and Gryphaeu 

................................ rare . . . . .  ........................................... h 2 

................ Total Kiamichi 19 7 
Eci~vards formation 

3. Limestone; sul~lithographic. light tan, iron oside-stained zone at the top. 
Nerir~en sp. rare, small flat bracl~iopods and  rndistids rare, miliolid foramini- 

................ fera abundant  . . . . . . . . .  .................... ............... 1 1  
2. Shale; reddish buff and I\-hite. severely weatliered, Monopleurci 11.  very rare 3 6 

. . . . . . . . . . . . .  1. Limestone: thin bedded, resistant, thin shal>- limestone partings 7 1 

Section VIII-.-I 
Cer l~er  of north s ide o j  railroad cut, 200 yards east o j  intersection o i  Stciie Highway 317 urld Santa 

Fe Rnilroad tracks nenr Valley Mills, Bosqiie County~ Texas; longitude 9i0P8'00", latitude 31'39'04". 
(PI .  35) 

Comanche series 
K'ashita group 

Georgetoxvn formation 
Duck Creek member 
15. Limestone: gray, massive. resistant, Kirlgenn z~.acoensis zone 1 Ioot above the 

base ......................................................................... .............. 1 4  
Fredericksbur, , v o u p  

Kiamichi formation 
11. Shale; calcareous, buff liecoming lighter near top, resistant ledge of limestone 

occurs 42 inclies above base. O~~. t rop idoceras  sp. aff. boesei Kneclrtel (PI. 38. 
fig. l ) ,  Exogyra pleza (P l .  38, fig. 5 ) ,  Gryphaeci nauia, and  Heternster adkinsf 

......... ........... (PI. 38: figs. 2, 3 )  in the npper part . . 6 10 



13. Shale; bufi .................................................................................................... 
................................................................... 12. Limestone; coqnina of Gryphnea sp. 

11. Shale; tan .............................................................. 
10. Limestone ; buff, contains shaly partings ........................................................ 2 

............................................................................................... 9. Shale; dark gray 
............................................................... 8. Limestone : gray, argillaceous 

7. Limestone: a Gryphaea bed. ~ \ - i t h  some dark silty shale, contains Gryphaea 
mucronata Gabb abundant, Erogyru texana and  Cyprinleria texnna rare, con- 
tains limestone pebbles which contain miliolid foraminifera . . . . . . . . . . . . . . . . . .  

6. Limestone: gray; this unit pinches out as  tile formation thins to~c-ard an 
adjacent reef ......................................................................................... 

5. Shale; silty. dark gray, contains limestone pel~bles  ................................... 
-1. Limestone: argillaceous, gray, contains limestone pebbles ..................... 1 

..................................................................... 3. Shale; silty, dark gray 

Total Kiamichi .......... 13 
E ~ T \ - a r d s  fol.mation 

2. Limestone: massire? resistant, projecting, iron oxide-stained tipper :usface: 
ahaly parting a t  the base ...................................................... .......... - 7 

1. Limestone; massive, fine gl-ained. I\-eatliers to a cl~alky texture . . . . . . . . . . . . . .  2 

Sect ion VIII-B 
Thir ty  ~.iirds east of Sectiorz r'lll-if. 

Feet 
Conianrhe series 

Warhi ta  group 
Georgetown formation 

Duck Creek member 
11. Limestone: r es i~ tan t ,  massi\-e: projecting, liirigenc~ wucoerzsis zone a foot 

....................................................................................... ahove the 11ase 1 
Frerlerirksburz eroun 

>- . 
Kian~ic.lii formation 
10. Shale: calcareous. buff hecoming lighter near  the top due to more intensir-e 

 eathe her in^. resistant flag ahout halfway up from tile base, E~ogyrci  plexa - 
c'ommon ................................................................................ i 

9. Limestone: tan. coquina of Giypfiaea ~vi th  some Cyprirneria terririn and in- 
ternal molds of Turritella? sp. .............................................................. 

8 .  Shale; I~uff, contains internal molds of Turritellu'? sp. ................................ 
7 .  Limestone: wavy hedded, buR ........................................................ 3 
6. Shale; with shaly partings, tan, Gryphaen rrlztcronuta Gabb abundant, 

Ez-ogyra texclna and Cyprinleria tesana rare ..................................... 
3. Shale; buff with white specks ...................................................... 
4. Limestone: tan, becoming gray near the top ......................................... 1 

......................................................................... 3. Shale; buff, clayey 

Inches 

............... Total Kiamichi 11 6 
E d ~ r a r d s  formation 

2. Limestone; massive, resistant: projecting, red zone at  top caused 115- iron 
.................................................................................... oxidestain 2 9 

,> 1. Limestone; massive, fine gl.ainet1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 

Sect ion IX 
On Hog Creek 0.25 rr~ile upscreern frorr~ bridge on State Hig11~1,uy 317, McLer!rinrl C O U ~ I ~ K  lo~lgitrtcle 

9i027'28", lcilitude 31 "36'52". (Pl. 36)  
Feet Iric11es 

Comanche series 
Washita group 

Georgetown formation 
Duck Creek m e m b e ~  
12. Limestone; resistant, coquinoid \\-it11 Kirzgena zcucoensis . . . . . . . . . . . . . . . . . . . . . .  3 
11. Limestone; massive, resistant: in places units 12 and 11 are  one unit 

- 
i ..... 

Fredericksburg group 
Kiamichi formation 

.......................................................................... 10. Shale; gray and  rust 1 1 
9. Limestone; a shell debris ................................... . - . . - . - -  3 

. . . . . . . . . . . . . . . . . . .  !. Shale; buff, Exogyra plexa common: Alectryonin? sp. rare 1 1 
1. Limestone; shaly parting a t  the base, Oxytiopidoceras sp. rare  . . . . . . . . . . . . . . - . -  i 

6. Limestone; shaly parting a t  the base, Gryphaea nazia abundant  (Pl. 37, 
figs. 1-3) ................................................................................................. 6 
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5. Limestone: gray, nodular . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
4. Shale; silty. gray, receding, small Gryphaea zp. rare ............................... 7 
3. Limestone: nodular, with gray shale, Gryphaea sp. and Oxytropidoceras sp. 

rare ....................................................................................................................... 1 2 
2. Shale; silty, black, soft iron sulfide concretions rare ........................................ 1 

TotalKiani ichi  .................. 7 1 
Edwards formation 

1. Limestone: resistant, gray, :accliaroidal, niarcasite nodules common at  top ... 3 

Section X 
O n  iVort1~ Bosqrte R i ~ e r  1.5 miles zcpstreant from brzdge zthich is 2.5 mile7 north o f  zrlter~ec~ion o/ 

State  Highway 6 arid County Road 46V. McLenrzan Coiirity, Tezas.  lorigztr~de 9'i019'45". la~ i tude  
31°36'20". 

Feet Inches 
Comanche series 

Washita group 
Georgetown formation 

Duck Creek meml~er  
7. Limestone; massive, resistant. coquinoid Kirlgeria wacoer~si.~ zone 1 foot above 

the base ............................................................................................... 1 6 
Fredericksbnrg group 

Kiamichi formation 
6. Shale; calcareous, light gray. some nodular limestone, receding. Kingerm 

wacoensts, small Gryphaen sp., Neteraster sp. ........................................... 9 
5. Limestone; irregular thickness, projecting, resistant? gray ...................... 5 
4. Shale; gray, with nodular limestone in the middle, Grypizaea nuri i~ common 

in shale ........................................................................... : 8 ....................... 
3. Limestone: irregular thickness, resistant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

........... 2. Shale; dark gray, silty, ~vi t l i  t ~ o  or three thin beds of graj- limestone 2 6 

................ TotalKiamichi  4 9 
Ed~vards formation 

1. Limestone: resistant, massive. reef facies, iron oside-stained upper surface: 
crops out  a t  water level ............................................................................ 2 

Section XI 
Grilly 10 yards sor~tli of Farm Rocd 182 where r o d  crosses creek or1 east side o i  Turrieiscille, 

Coryell County, Texcu;  longitude 9io3J'18": latitude 31 036'55". 
Feet Inches 

Comanche series 
Wasliita group 

Georgetown formation 
Duck Creek member 
6. Limestone: light gray, resistant. Rirlgena zcacoensis rare, unidentified shells 

common. slialy parting a t  the ]lase ................................................. 
5. Limestone: resistant, saccliaroidal, basal part ~ o f t e r  and  is a shell debris ..... 

Fredericksbnrg yro,up 
Kiamichi formation 

4. Shale: calcareous, buff and  T\-liite due to severe wethering. Exogyra plexa 
9 common, Pecten sp. and internal molds of T~~rr i t e l la?  sp. rare  .................. - 

3. Limestone; jvavy bedded. v i th  calcareous sliale, Gryphaea riacia common 
n e a r t o p  .......................................................................................... 5 

2. Shale; calcareous, some thin layers of limestone, buff .............................. 6 

..................... Total Kiamiclii 13 
Edwards formation 

1. Limestone; thin bedded, resistant, shaly partings, iron oxide-stained upper 
surface ........................................................................................................... 8 2 

Section XI1 
Road cut 1 mile  north of Crawford on State Highzca) 317, McLenr~an County, Tenas: longitude 

97"16'48", latitude 31 "33'06". (Pl. 33)  
Feet Inches 

Comancl~e series 
Washita group 

Geoieetown folmation 
DU& Creek member 
8. Limestone; resistant, shaly parting at  the hot to~n,  Kingena zcacoer~sis rare  .. 7 
7. Limestone; Gryphaea sp. and Kingena sp. common ........................................... 4 



Fredericksl~urg groul, 
Kianiicl~i formation 

6. Shale; with nodular limestone, small Gryphaeu $11. rare, Exogyra plexa and  
9 2 .................................................................... Alectryonia sp. common - 

5. Limestone ................................................................................................. 4 
1. Shale; buff, calcareous, nodular limestone in the middle, upper  shale con- 

tains Exogyra plexa, Heteraster sp., and Kingenn zracoensis . . . . . . . . . . . . . .  10 
3. Limestone 

- 
1 ................................................................................................ 

.......................................................................... 2. Shale; da rk  gray, silty 1 6 

. . . . . . . . . .  Total Kiamiclri 5 5 

Edwards formation 
1. Limestone; massive, resistant, vuggy, calcitizecl rudistids, iron oxide stained 

at the top ............................................................................................................ 3 

Sec t ion  XI11 

011 Middle Bosque Ricer 0.5 mile upstream front bridge zcllich is 1.5 miles zcest of Vindsor, 111~- 
Lerznan County, Texas; longitude 97"22'18", latitude 31 "30'44". 

Feet  I~iches 
Comanclie series 

Washita  group 
Georgetown formation 

Duck Creek member 
8 .  Limestone: resistant, coquinoid Kirz6erza u.acoensis, Idiohanziies sp. rare, 

thin shaly parting at the bottom ............................................... 3 

7. Limestone; projecting, Kingena zcacoensis rare  ............ ... ................... 6 

Fr~der icksburg  group 
Kiamichi formation 

6. Shale or shaly limestone; contains symmetrical Kirlgena wacoensis: Pecterl 
sp., and Exogyra pleza ................................................................. 8 

5. Limestone: shaly, small oyster shell fragments abundant .......................... 3 

4. Shale; gray, GrW1laea navia and  Erogyra plexa common . . . . . . . . . . . . . . . . . . . . . .  4 
3. Limestone: nodular .......................................................... ......... 4 
2. Shale; dark gray, silty, slightly calcareous, Exogyra texana rare  . . . . . . . . .  10 

.................... Tota lKiamich i . .  2 7 

EdIrards formation 
1. Limestone; massive, resistant, contains marcasite nodules, Monopleltrcz sp. and  

Chondrodonta mr~nsoni common: Exogyra texnna rare ............................. 5 

Sect ion XIV 

Road  cut near top of escclrpment 2 miles north of intersection of State  Highzuay 36 and  roil(/ to 
V h i t e  Ha l l  Church, Corj.ell Corrnty, Texas; longitude 97"43'30", latitude 31 '30'18''. 

Feet Irlches 
Comanche series 

Washita group 
Georgetown formation 

Duck Creek member 
6. Broken limestone and soil ............................ 1 
5. Limestone; resistant, unidentified s l~el l  f r agme~i t s  a l~undant ,  ldioilnrnites sp. 

rare ..................................... -. .................. ..................... -. .................. 8 

Frederickshurg group 
Kiamicl~i  formation 

5. Shale or shaly limestone; not I+-ell exposed, E ~ o g y r a  plexa common ........ 1 8 
3. Limestone; tan, slialy a t  t h e  base ............................................................. 
2. Shale; calcareous, weathering T+-liite, resistant zone of shaly limestone shell 

debris halfway up from the  base contains Gryphaea nuvia .......................... 4 7 

...................... TotalKiamichi  6 10 

Edwards formation 
1. Limestone; massive, reef facies, iron oxide stained at  the top, Chonclrodonta 

nlunsoni common ............................................................................................. 5 
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Section XV--4 
One mile east of Corjell Creek on U .  S. Highway 84. Coryell Count!. Te~cis; longitude 97"35'08", 

latitude 31°25'45". 

Feet Inches 
Comancl~e series 

Washita group 
Georgetown formation 

Duck Creek member 
7. Limestone; massive, resistant ............................................................... 9 
6. Limestone; shaly, receding ......................................................................... 7 
5. Limestone: gray on fresh surface, shell fragments abundant; very resistant, 

massive, Idiohamites sp. common .................................................................. 6 
4. Limestone; shaly, receding .............................................................................. 2 
3. Limestone ; resistant, tan. s l~aly limestone shell debris a t  the base ................ 7 

Fredericksburg group 
Kiamichi formation 

2. Shale; calcareous, severely ~veathered, bnff with tan and white areas, lime- 
stone shell debris in the middle, abundant oyster shells especially right 
valves, Exogyra plexa plicate and nonplicate forms common. Gryphaea 

........ navia, Heteraster sp., Kingerm wacoensis, and Pecten irregularis rare 4 11 
- 

................ TotalKiamicli i .  4 11 
Ed]\-ards formation 

1. Limestone: calcarenite, thin hedded, resistant, reddish tan, 1-foot bed at top .. 3 4 

Section XV-B 
Two l~undred yards uest of Section XV-:I. in north )ace o j  highway cut .  

Feet Inches 
Comanche series 

Washita group 
Georgetown foormation 

Duck Creek member 
5 .  Limestone: gray, resistant. unidentified shell fragments common ................... 

4. Limestone, shaly, light gray ....................................................................... 

3. Limestone; resistant, in places one unit but locally two units jiit11 a shaly 
parting, receding shaly limestone at  the  base ................................................... 

Fredericksburg group 
Kiamichi formation 

2. Shale; calcareous, severely weathered to rust and white, 19 inches above the 
base is a zone of common Kingerla wacoensis: Gr?.phaea nauia, Exogyra plexa, 
Oxytropidocerns sp., internal molds of Turritella sp. ...................................... 3 2 

TotalKiamichi .................... 3 2 
Edwards formation 

1. Limestone: reef facies, massive, iron oxide stained at  the top, Eoradiolites 
davidsoni and CI~ondrodonta mzinsoni common ............................................ 5 10 

Section XVI 
Eagle Springs, 8.5 miles west of Moody on Farm Road 107, Coryell Coiinty, Texas; longitude 

97"28'36", latitude 31°21'10". 
Feet Irzches 

Comanche series 
Washita erouD - 

Georgetown formation 
Duck Creek member 

6. Limestone; massive, blockr fracture, Eopachydiscus sp. common .................... 2 5 . . 
5. Limestone: resistant, massive, light gray .............................................................. 10 
4. Limestone; shaly, receding, light gray ................................................... 2 
3. Limestone; resistant, massive, zone of comnlon Kingena wacoensis 7 inches 

above base, small Pervinqz~ieria? sp. rare ............................................... 11 
Fredericksburg group 

Kiamichi formation 
2. Shale; calcareous, 3-inch nodular limestone in the middle! symmetrical 

Kingena wacoensis common .................................................................................... 8 

........................ Total Kiamichi 8 
Edwards formation 

1. Limestone: reef facies, resistant, massive, crops out at  water l e ~ e l  of creek .... 2 



Sec t ion  XVII 
O n  Horse Creek 200 ?.nrds upstream from bridge ujhich is 1.3 miles south of Whitson, Coryell 

Cour~ty ,  Texas; longitude 97'27'52", latitude 31 "18'55". (PI .  36 
Feet Inches 

Comanche series 
Wasliita group 

Georgetown formation 
Duck Creek member 
8. Limestone: light gray, thin marly partings ....................................... 17 
7. Limestone: resistant, light g a y .  Idiohamites sp ,  conlmon (Pl. 38, fig. 4 )  ........ 1 1 
6. Limestone: resistant, zone of common Kingena u;acoensis 5 inches abo\-e base, 

small Perz;inqr~ieria? sp. r a re  ...................................................................... 8 
Fredericksburg group 

Kiamiciii formation 
5. Limestone: coqnina of small fragments of oyster shells, Kingena u:cicoensis 

iP1. 38, figs. 6. 7 )  and small Gr)pizaea sp. common ........................................... 3 
4. Shale; calcareous. gray, receding: Inoceramus sp. rare ...................................... 1 

TotalKiamichi ....................... 1 3 
Edwards formation 

3. Limestone; ~vit11 shaly partings .................................................................... 1 3 
2. Limestone: shaly, receding ............................................................................... 9 
1. Limestone; massive, resistant, I<-hite .................................................................. 6 

Sec t ion  XVIII-A 
Road cut 50 yards south of S~umpecie Creek, 3.3 miles north of W h i t e  Hall. Bell Count>, Tezcis; 

l o n g ~ t u d e  97"26'19", Latitude 3I015'07". 
Feet Inches 

Comanche series 
Washita  group 

Georgetown formation 
Duck Creek member 

.... 4. Limestone: resistant, shaly parting at the bottom. Eopaehydiscz~s sp, rare 1 7 
Fredericksburg group 

Edwards formation 
3. Limestone: buff. light violet \\.hen fresh, very resistant, pyrite zone at the 

top, calcitized gastropods common ................................................................ 1 4 
2. Limestone: shaly, small low-spired snails common .................................... 1 1 
1. Limestone ......................................................................................................... 10 

Sec t ion  XVIII-B 
O n e  mile upstream fro7n concrete ford,  Stampede Creek. 3.3 miles north o f  White  Hall, nortizeastern 

Bell Countx, Texas; longitude 9i025'46", Iatititde3Io15'28". 
Feet Inches 

Comancl~e  series 
Washita  group 

Georgetown formation 
Duck Creek member 
6. Limestone; shaly, Gryphaea zuashitaensis abundant  ...................................... 1 5 
5. Limestone; "Georgetown litholog3-:" some shaly partings, blocky ~veat l~ering 5 5 
4. Limestone; resistant, Eopachydiscus sp. common ........................................ 9 
3. Limestone; this bed occurs only in places, Kingena wacoensis abundant ........ 1 

Fredericksburg group 
Edwards formation 

2. Limestone: resistant, blocky weathering, contains pyrite, top has many solu- 
tion holes to one-half inch deep, ~Verinea sp. and  other gastropods common .... 11 

1. Limestone: resistant .......................................................................................... 3 4 

Sect ion XIX 
O n e  hundred yards downstream from bridge over Cedar Creek on State  Highway 317, 1 mile north 

of  intersection of  State  Highways 317 and 36, Bell Corozty, Texas; longitude 97"25'16", latitude 
31 "10'03". 

Feet Inches. 
Comanche series 

Washita group 
Georgetown formation 

Duck Creek member 
8. Limestone; resistant, shaly partings - 1 T 
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i. Limestone; resistant, coc~uinoid with GrYphaea wushitaensis in places near 
the bottoni .................................................................................. 6 

6. Limestone; 1vit11 interbedded shale, becoming n~ore  shaly near the top ........ 3 9 
5. Limestone: resistant, projecting, large ammonites common ..................... 1 
4. Shale; calcareous, buff and ~vliite .......................................................... 3 
3. Limestone; lithographic, Yery resistant, contains unidentified crystalline 

calcite shells, internal nlold of large Eopachydiscus sp., small Idiohanaites 
sp., Anzpullina? sp., Nerinea sp. ..................................................................... 11 

2. Shale; calcareous, buff ................................................................................ 2 
Fredericksburg gro l~p  

Ed~\ards  formation 
1. Limestone; ~ e e f  lacies, iron-stained zone a t  tlle top, Monoplel~ra sp. common 3 4 

Section XX 
O n  Leon River, below bridge on U .  S. Highway 81, cctst of Belton; Bell Cui~nty, Texus; longitude 

9i026'32", latitude 31°03%2". 
Feet Inclies 

Comanclie series 
Washita group 

Georgetown formation 
Duck Creek member 
4. Limestone; argillaceous, Percinq~~ieria sp,  common, Gryphaeci zcnshitaensis 

abundant 1 8 
3. Limestone; typical Georgeto~i.n lithology, irregular bedded wit11 thin shaly 

limestone partings, blocky weathering, Eopachydiscus zone 1 foot from base 
with internal molds up to 15 incbes in diameter, lnoceramr~s sp. rare .............. 5 5 

Fredericksburg group 
Edwards formati011 

2. Limestone: slialy parting at the bottom? very resistant, .small l~rachiopods. 
................ internal mold of Nerinea? sp. and other crvstalline calcite shells 1 4 

1. Limestone: massive, resistant. hecoming chalk) near the top 3 



A Review of Edwards Limestone Production with 
Special Reference to South-Central Texas 

JOHN R.  SANDIDGE" 

T h e  discovery i n  1922 of oil in  the Ed- wards exploration and development from 
wards formation of south-central Texas the  Sabine to the Rio  Grande. T h e  more r e  
was of great importance because it opened cent discoveries of gas in  the Edwards 
a large area for exploration and de\ rlop- have estal~lished substantial reserx es and 
nlent. RIuch credit is giren to Edpal  B. created much interest in additional ex- 
Davis. who pioneered the discover). and to plolation. 
many  other oil men ~ h o  hare carried Ed- 

ISTRODUCTIOS 

T h e  discovery of oil  in the Edwards for- 
mation of south-central Texas opened a 
chapter  in the histoly of the oil businecs 
which was as important locally a s  T\ el e the 
great discovery a t  Spindletop ior  the Gulf 
Coast. Yates for west Texas, and  "Dad" 
(C. 31. Joiner's No. 3 Daisy Bradlord 11 ell 
fo r  east Texas. I t  lifted a large pal t of the 
population from marginal farming and 

*~tions subsistence living i n  the towns to po:' ' 

of comfort and i n  some cases to luxul!. 

T h e  xvriter has  obtained information 
through a period of t~\-ent>--five years from 
sources too numerous to mention, but con- 
versations with geologists and operators to- 
gether with various publ i~hed  accounts of 
activities and Ivlagnolia Petroleunl Corn- 
pan)- records have furnished a large 11al.t 
of the factual data. Anlong the man!- \-rt- 
erans of the oil business in south Texas 
who haye contribuled general information 
a re  E. Vernon Woo1se)-: H. Miller Ains- 
worth: John Mowinkle. H. A. Pagenkoj~f; 
Wm.  H. Spice, Jr., Carey Dauchy. Leslie 
Harlo~v:  and Grady Kirby. 

W i t h  reference to Luling field, the book- 
let entitled "Citizen of Luling," prepared 
by  the noted columnist Kenneth Foree. Jr., 
for  the  Ilagnolia Petroleum Cornpan!- on 

'Senior Geologist, Magnolia Prlroleuzn C o n ~ p n n ? ,  $2" 

Anlonio, Tesnr. 

After the excesses accompanying the boom 
days had subsided. cultural improvements 
and  !general pro@essiveness characterized 
the comlnunity life. and both the country- 
side and the urban centers have continued 
to .become more attractil-e. The econon~ic 
impact has been of major importance 
throughout the main productive area. ex- 
tending from Ca1d~-ell to Webb counties. a 
distance of 165 miles. and over a period 
of thirt!.-six years. 

: D G n l E I T S  

the occasion of the Luling Silver Annil er- 
sar) 011 Jubilce. Aupu.1 9. 1947. has been 
drau  n upon freel\ .  Dill\ orth Hagei iur- 
nished fiist-hand infolrnation regarding 
the d i q c o ~  ery at  Darst Creek. Noah Smith, 
Jr.. Piesident, and  Challes Edgerton. Chief 
Geologist. of the Luling Oil and Gas Com- 
pan!. contributed facts relating to Salt 
Flat  field. Henry D. &IcCallum. of the 
Hunlble Oil Sr Refining Company. as- 
sembled data regal ding the disco\ er v of 
Imogene. Jourdanton. and Charlotte 
fields: George H. Clark of The Texas Com- 
pany alqo furnished inlormation on Char- 
lotte. J. B. Souther and Porter Montgom- 
ery of Pan  American Petroleum Companj ; 
Charles E. Kimmell. consulting geologist; 
Edman R. Zink of the Standard Oil Com- 
pany of Texas; Robert M. Knebel and 
Franklin Jones of the Lone Star  Producing, 
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Company; and Robert E. Wills of tlle Mag- 
nolia Petroleun~ Coinpany have been the 
chief sources of information on the inter- 
mediate and deep Edwards trends. Thomas 
H. Walker and John Mulligan of Mag- 
nolia's Tyler office furnished data 011 east 
Texas. while Homer Noble, Gilbelt A. 
Fabre. and A. J .  Bauernschnlidt of the 
Company's Houston ofice conlrihuted 
facts ahout fields in the northeasteln Gulf 
Coast. Production statistics are mainly 
from the files of the Texas State Railroacl 
Commission. 

The map (Pl. 40) showing Edwards 
fields was produced by Raymond Light- 
se)-. diaftsman in the San Antonio geologi- 
cal oifice of Magnolia Petroleum Company. 
Miss Elsie Bryan, Geological Secletary in 
IIagnolia7s San Antonio office. prepared 
tlze nlanuscript. The ~$r i t e r  explesses deep 
appleciation to the managelnent of Mag- 
nolia Petroleum Company for the privi- 
lege of presenling this paper. TI hich is in- 
tended to enlighten the citizens of Texas 
~ega ld lng  a phase of the oil business to 
vhich the Compan) made an important 
eai IT  contribution. 



EARLY DISCOVERIES 

LULIII'G FIELD cessful venture for Davis and resulted in 

~1~~ llislory of the discovery of oil ill the his acquiring $1:000:000 in rubber com- 

Ec-rj-arc-s formatioIl is a story of pany stocks and cash. Upon his return to 
,jisappointlnent, dogged and Kerv York he declined attractive offers to 

fa]~ulolls  success. I t  had its inception ill the becon'e 1)resident of tile Ullited States 

mind of a man guided by firln " ~ - 4 1 ~ ~ 7  Rul~ber  Cornpan>-, 11ecause it would have 

who. he passed to his lleavenly confined his activities too much. Instead he 

relj-ard sevell !-ears ago, already has betook himself a t  the age of 50 fro111 his 

atlainecl the status of a legendarJ- cllarac- luxurious New York environment to the 

E~~~~ .r,jllile living. lIecause ,,f his retir- in11101-erished farming coinmunit)- of Lul- 
ing and deep]!- religious lie ing. Texas. His immediate mission was to 
was regarded by lllanJ- of his associates as salvage whatever could be retrieved from 
a myster!-, ~ l ~ i ~  remarkalIle indi- a 875.000 invest~llent in a shaky wildcat 
l.idual first cliscol-ered oil in the ~ d -  venture made by his elder brother and 
wards ,,.as E , - J ~ ~ ~  B. ~ ~ ~ i ~ ,  late "citizen of some associates. Little did he realize the 

Luling." invol\-ements to ~vhich this would lead. 

The saga of Edgar B. Davis \\-ill live be- Possessed with the spirit of a true entre- 

cause it is unique ill the annals of the oil preneur. fascinated by the idea of prospect- 

llusiness. stories are comlnon of s7,-ash- ing for oil, and inibued with the impas- 

~ , ~ ~ ~ l i ~ ~ ~  (liscovering oil by sioned desire to bring prosperity to the 

luck and of boy- lvildcatters inhabitants of his newly adopted home 

spending their last dollar to briIlg iI1 an comnlunity, he acquired the interests of 

elL1si\-e gusher. 1-1 gerlerally rougj ,  and his 11rother and associates and dedicated 

read!- lot are: but  not so in the case of himself wholly to his new-found task. 

~d~~~ 13. ~ ~ ~ i ~ .  H~~~ is a lnan ill strong The first step in this task led to the as- 

colltrasl. a Inember of all old Nelr Ellgland ~ ~ " l ~ t i o l l  of lease obligations held by the 

family. reared with all the niceties of the Texas Southern Oil and Lease S!-ndicate 

gay nineties. He had traveled the l(-or]d, in the Luli~ig area. This syndicate had 

associated with rovalt!-2 played golf. ex- assembled leases covering most ?f what is 

celled a t  bridge, loved lnusic and art,  ~ d -  now tlie Salt Flat and Darst Creek fields 

mitting no church affiliation, he as ~vell as about SS percent of the Luling 
less considered hinlself a "Steward of the field. Many of these leases had to be 
Lord," ordained to impl.ove the lot of his dropl~ed for lack of finances, but the Lul- 
fellow n~an.  ing block was retained on the basis of a 

This extraordinary person at 35 years fault exposed in the San iliIarcos River and 
of age left a promising business career as the mapl~ing of an  ililier of lolver Wilcox 
co-founder and sales executive of the W-alk- against it. The fault discoverj is credited 
over Shoe Company of Brockton. Massa- to yerIlOn E. Woolsey3 additional Tiork by 
chusetts. to regain his impaired health on a hirn, carroll E. cook,  R~~ A. ~ ~ b b i ~ ~ ,  
world tour. In Singapore he met a Dutch and ot~lers resulted in definition of the 
rubber plantation manager who induced lonTer v i leox inlier on up.to-the.coast 
him LO interat tlie Lnited States rubber fault. TlleSyndicate:s first well Tias drilled 
coml~anies in cultivating rubber trees in 

in 1920 on the Thompson lease in the 
Sun~atra .  This proved to be a highl!; suc- 

George C. Kirnball survey, CaldweIl 
' T h e  u.r u ~ ~ ~ ~ ~ - ~ , 9  is i l l  deierPnce to  r.dgnr B. D.,ii Count!.. It was abandoned as a dry hole 
who ; i l \ \n!r  uap;lalized the ~ o r d  in llis \vriliitil. I f ,  l l i l l ~ r  
A i u - i + n r ~ i ~ .  Chairman t ~ , ~  B O ; , ~ ~ ,  ~ i ~ ~ t  Natiorltl l  B ; , , , I ,  in in the Buda limestone, 150 feet above the 
L.llli!>c. ;iud 3lrs. Joe D;i~ia,  prisnle sucrelar! lo I:d:.tr B. 
~ a \ i - ,  pci.on.ii eornrnurtic;ilion. Seplenll>er 1958. Ed~r -a rd~ ,  but sho~rs  of oil and gas in the 
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Eagle Ford furnished encouragel1lent for employer of Peale  lilio liad never looked back, 

additional drilling. never faltered, never lost his beatific smile: for 
the  strange man ~ u h o  seemed half of the present 

Edgar Davis nanled his new enterprise, material world and half of the heavenly ~i-orld 
organized March 12: 1921, United Sorth to come. they \\'ere overjoyed. 

And Davis himself? That gentle smile grew a 
and South Oil Compa11>-, Inc.3 as a Yankee bit niore expansive he was quieter, if 
gesture of friendship toward the unregen- anything. and he retained that ever present dig- 

nity. Yes. the foreordained had come to pass. The  crated 1'lanters of a southern Lord, tllough the instrument of Edgar B. Davis, 
agricultural community. After taking over h a d  acliieved another objective, and in the end 
the holdings of T~~~~ southern o i l  and Davis, drenched ~ \? i th  oil. reminded that lie must 

go to t o m .  
Lease S>-ndicate, a well was started on the Luiing .went the oil spattered trio and \\-hen 
Cartwright farm, about a c~uarter of a illile the giant Davis was a.ked if he wanted to go to 

the  Ilotel to change clothes he said, "No, first to closer to the surface fault trace than the M ~ ~ ~ ~ ~ - ~  D ~ ~ ~ ~ ~ ~ ~ ~ , -  . ind  they called fo r  J. R. 
Syndicate's T h o m p s o ~ ~  hole. I t  had a small Mackey.  rho had heen sure Davis was rliasing a 

show of oil in the ~ d ~ ~ ~ ~ d ~ ,  as did K ~ .  2 will-0'-the-wisp and had  said so. Mapkey came 
out, stared, threw u p  his hand and said wit11 awe, 

Cartwright drilled about 500 feet up dip. L c ~ ] , e  drinks a r e  on me. Anytlling >-ou lrant. 
On May 5, 1921, NO. 3 Cartwright lvas Anvt l i in~ ."  

T l~ i l r  the story of I.illing is in a way the story 'pudded and was coml'leted as a hole of Edgar B. Davis, \$-!lo \\-ould \valk into a fiery 
on June 16. Cartwight No. 4 follo~ved at a furnace if his Lord ordered. yet belonged to no 

Rearb!- locatioll and also was dry. ~h~~ cIiur~11. 1~110 is Lu l in~ 'qodfa t l1e r .  hut  -icllo at 77 
had  never married; tlie Yankee who lias ~vnlked 

NO. 2 Thon~pson j~rol-ed to be a failure. ,,it11 princes and  kings. 1 1 ~ t  \rho has ~ p f n t  his 
Undau~lted by six disappointing dry happiest years among the tlescendants of Rebels 

holes and with little left of the $1,300,000 loye 

on  ~vhich he started his venture, Edgar On August 10. 1922. the Luling booin 
Davis made a seventh location on the Ra- began. gaining momentum slowly at first, 
fael Rios 126-acre farm in the John Hellry because oil men were skeptical of Edrt-ards 
survey. This well lvas spudded June 19, production. Magnolia Petroleum Conlpany 
1922. and according to Foree (1947. pp. 2- canle forward with an offer to bu!- 1,000,- 
3 )  the hot afternoon of August 9. 1922, 000 barrels of oil in the ground at 50  cents 
found a depressed if not totallj- discour- a barrel, Edgar Davis and his associates 
aged gl.0~11 of three Lnited North and accepted with alacrity. and the S500.000 
South people, Edgar Davis, Agnes 1Ia11- pro.\-ided by this deal financed early de- 
ford. and W. F. Peale,  vatc chin^ the hpp- velopnlent of the Luling field. Extension 
notic rotary grinding away at 2,100 feet. from the discovery area northeastrvard, a 
Just as Peale, a t  the ~rheel of their car, distance of 1.6 miles. was established on 
was about to drive away, Miss Manford is March 13. 1923, b ~ -  Caldwell Oil Company 
reported (Foree, 1947) to have pointed No. 1 Hardeman, ~$-hich made gas. On RIay 
and sliou~ed in a most undignified Tray: 23. 1923. Royal Oil Conlpany completed a - A - 

"Look. Boys, look!" A black column u a s  rising well for over 1,000 barrels a day on their 
from Rafael Rios No. 1; tile crew \pas scattering. 'W-. H. Tabor lease of 40 acres: later ac- 
T h e  coluinn was rising liigller, higher. like an quired bli Grayburg Oil Cornpan!-. This 
aroused giant snake. JIiss Manford and  Peale 
quickly piled out of tile car ns the 1)lack column extended the field 2% rniles northeast of 
rose IiipIier. rose up aI,o\-e the crown I~lock. and the Rios NO. 1 discovery well. The rat-e of 
began to  spray the black: gummy stuff of ~\.ilicll drillillg increased af ter  these 
milliolls are made." 

Ko one  knows exactly ~\-1lat was said after that. and Inany wells rvere completed ~t-ith 
Peale  a n d  Niss Rlanford Irere a bit liysterical. initial production of 1,000 barrels a day 
F o r  the  cliarming bachelor ~vlio had furnished so 
many pleasant evenings a t  cards or ta lk:  for the Or '"Ore. 

According to Ernest W. Brucks (1929, - 
6 Jolin E .  3lowinklo, who  war Gerlernl Superintendent of the p. 261) : 

United Zor lh  and South Oil Conipony,  in personal cunierrniian 
says Force i s  in error a n  this stnlenienl. T h e  Rios Z o .  1 innde 
mozllv blacl< rulfur waler, a n d  it % a s  No. 1 hlerritr~en!hcr, By Decelnber 31, 1923, about 90 producers llad 
drilled re re ra l  months Inter, which was being swablicd uhen 
it b lcw oil a i e r  the ear occupicd by ~ a ~ i s ,  pealc, and >liss been conl~leted.  One  of the most significant 
hlnnford. developments in the  field during 1923 was the 



completion of the United North a n d  South Oil 
Company's Marines No. 1 in Guadalupe County, 
a n  extension of nearly four miles sou th~res t  of the 
Rios discovery well. The Marines well was 
located about 800 feet southeast of the fault and 
came in as a 300-barrel producer. O n  December 
31, 1924, the field had  391 producing wells, and 
by the  end of the year 1926. the total number of 
\veIIs \<as 502. 

In  the spring of 1926, display advertise- 
ments appeared 011 the financial pages of 
se1-era1 well-known newspapers stating that 
the Luling field properties of the tinited 
North and South Oil Company were for 
sale. It is reported that several major oil 
coinl~anirs considered the deal and made 
offers. but probablj because the produc. 
tion 1% as from limestone, and man)- of the 
fal~ulous Mexican fields of the same type 
were sudclenly beginning to make salt 
w a t e ~ .  no trade was consummated im- 
mediate]!. The Magnolia Petroleum Com- 
pan!. having bought the first ploduction 
fro111 the field and 11 it11 pipeline facilities 
in plate. inet the a d ~ e i  tised price of $12.- 
100.000. The deal uas  consummated on 
June 11. 1926, on a basis of half cash and 
half ill oil as produced. 

-4s Kenneth Foree. J r .  (1947) sa) s in his 
booklet: 

Tha t  should have ljeen the end of the saga of 
Edgar  B. Davis. T h e  Inan of 56 had more money 
than  any man would ever need. But the strange 
Nelv Englander recognized something that not 
many men do, an obligation to those who lielp 
then1 niake fortunes. And the benevolent, unusual 
man  of vision went allout it in the more unusual 
Tray. First he announced a barbecue to ~rliich 
Luling. Caldwell County. Guadalupe County, 
former employees, friends over tlie world, and- 

J. E. JIolrinkle, S. H. Rabon a n d  B. Rayner, 
received checks for $200.000 each." 

The  youngest clerk and toughest roughneck 
were rich over night. Some bought farins or busi- 
nesses or capitalized on it like loyal JIiss Kate 
Nugent, xvho went OK, studied chiropractic and 
came back to practice in Luling. But  much of it, 
the easy-come easy-go type, went for fast living. 

A couple of million it must have cost Luling's 
benefactor for bonuses alone. But there was niore 
to come, a $50,000 golf course later built on that 
8150.000 cleared cotton patch, a $50.000 Negro 
athletic clubhouse, a $150,000 total endo~vment 
for the upkeep of hoth. Not even the Texas ~vild- 
flowers. particularly those beautiful bluebonnets 
that  had nodded and  smiled the mystic on, were 
forgotten. An annual $10,000 wildflolver painting 
contest was announced on which was ultimately 
spent 550,000. 

But  something bigner j\as in the mind of the 
to~rn ' s  benefactor Yvho later put into wi t ing  
approximately ~vl lat  lie said that day and ivhich 
best re1eals the maenificent obsession of the man. 
"Believinp that the kind and generous Provi- 
dence, Wlio guides the destinies of all humanity. 
directed me in the search for the discove1.y of 
oil . . ." lie wrote, ":lnd Ilelieving that  the wealth 
~vhicli has resulted has not come through any 
virtue or ability of mine, but has been given to 
me in trust; and.desir ing to discharge in some 
measure the trust \\.hicli has been reposed in me; 
and  in consideration of the opportunity ~\.hich 
tlie resources of Texas gave me;  and of my 
interest in the welfare of the citizens of the city 
of Luling. Caldwell, Gundalupe and Gonzales 
Counties: . . . and  realizing the evils of the one- 
crop system; and  in the hope through research 
of experimental \\-ork in diversified crops of 
aiding the tillers of the land to secure a larger 
return for their labor. . . ." With such a promise 
a man who has something of the ethereal in him 
proceeded to establish the Luling Foundation for 
the benefit of agriculture with $1,000,000. In  
another breath h e  gave his native town of Brock- 
to11 $1.000,000 fo r  the charitable Plymouth Foun- 
dation. at the same time disclosing that he I\-ould 
live and die in Luling. 

Of tlie 6,050,000 cash paid by Magnolia. thus 
a t  least S4,000,000, possibly 85,000,000 had ljeen 
given away. 

well practically everyone-were invited. He >luch more has beell written about 
bought a herd of beeves. all the soda T\-ater anrl 
ice cream in Central Texas. imr~orted entertainers Edgar B. Davis far more . . . -  be 
from Ye\\- York, a n d  purchased a n d  cleared for written if the man of mystery had left 
the  jubilee 100 acres of larid \r.hite 1vit11 cotton written records or if he had commurlicated 
a t  harvest time. 

Come one, come all. advertised Daviq. And more freely with his associates, but here 
pretty nearly everyone did. or so it seemed, ~h~ there is occasion to point out only a few 
most conservative authorities estimated 15.000 uhases of his later years. 
x\~liile others looking a t  the sea of faces. slvore ' ~ h ,  greatest mo,l,,nle,t to his memory 
not  less than 40,000 \rere there. And tlie 15,000 
o r  40,000 ,\-ere not only led hut electrified. Every is the Luling 
employee drew a bonus. Those who had been 1,-it11 - 
him one year drew 25 per c:ent of total salaries In i ecen l  con\.ersalion, J o h n  E. >Iowinklc relairs thst there 

paid tlc,o years' service jIrought 50 per "ere 1"o m!erLainr~~cni areas, one  for iVcgroes =!!ended by 
15,000 and one for whiles atlendcd by 20,000. He alao :later 

a n d  four  years 100 per cent. i\'Iost of them got thnt the  nntouzlls received by the adminirtrati\e oiiicer. were 
dollai fo r  dollar, and fi\-e on his firm's man- DS folio\>.: K. C. Baker, S500,000;  W. F. Peale. S?50,000: 

I. E .  h l o ~ ~ i n k l e ,  S?S0,000; S. H. Rnbon. $100,000;  C. R.  
agenient committee, K. C. Baker, K-. F. Peale? R;,~, , , , ,  ~ i o o , o o o .  
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Regarding it he is quoted1° as having said 
in Board Meelings of the Foundation: 
"We builded better than we knew." And 
under the Presidency of H. Miller Ains- 
worth this has proved to be literally true. 
The institution is a recognized service 
organization beneficial to the agricultural 
community of all south-central Texas. The 
Foundation still is ~ ro r th  over a million 
dollars. notwithstandi~lg many donations 
and contributions to worthy projects in the 
area. and is entirely self-supporting. 

Another philanthropy was Edgar Davis7 
support of "The Ladder," a religious play 
written by a boyhood friend on the theme 
of reincarnation. .A million and a half 
dollars are said to have been spent in main- 
taining this theatrical on Broadway for 
over a year where the average paid attend- 
ance \{-as half a dozen persons at each per- 
formance. 

Probably the most distressing event of 
his life was the instigation of a suit for 
income taxes by the State of Massachusetts 
which claimed him a citizen years after he 
had established his home at Luling and 
had declared his intention of livin? and 
dying there. The case could have been 
settled at one time. after long and costly 
litigation. for $25.000, but the obztinate 
D ~ T - i s  said no; he I<-ould pay nothing. The 
estate was forced to make a final settlement 
after his death. 

Income from the oil produced a t  Luling 
went into new exploration by the newly 
~ rgan ized  United North and South Devel- 
ment Company which resulted in the find- 
ing  of some good production in the Darst 
Creek field. This property was sold to the 
Louisiana Oil and Gas Company in 1928 
for $500.000 in cash and $1,500,000 in oil, 
but  hen the depression hit and the price 
of oil dropped to ten cents a barrel the deal 
fell through. Davis took back the Darst 
Creek leases and agreed to pay back ten 
cents a barrel on produced oil until the 
Louisiana Company recovered the pur- 
chase price.'' Income from this property 
and a residue of the income from Luling 

lo 11. 3filler Ainsworlh, per ione l  communication, Seplcm- 
ber 19513. 

l1 J o h n  E. >IowinLlc, personal communication. .4ugusl 1958. 

production went into additional explora- 
tion leading to the discovery of the Buck- 
eye field in Matagorda County. Develop- 
ment of this field proved so costly ipro- 
duction was irom below 10,000 feet) that 
resurces of the United North and South 
Development Company were depleted in 
1935. Edgar B. Davis again demonstrated 
his "F-AITH" and determination by refus- 
ing to sell this property for the $1,000.000 
offered him. 

He is quoted as having said (Foree, 
194.7) : "No. It is worth $100:000.000." 
As to quitting exploration the magnificent 
marl disclosed his most magnificent obses- 
sion by saying simply: "The Lord is going 
to reward my "F-AITH" with another for- 
tune greater than I ha\-e ever seen. I t  is up 
to me to maintain "FAITH" so I can re- 
ceive it and reward others less fortunate 
than I." 

One regrets to reveal that Fate proved 
cruel in the end by removing the great man 
irom the scene, on October 10. 1951: be- 
fore the United 8 o r t h  and South Develop- 
ment Company was able to recoup and 
realize the second vast fortune E d ~ a r  B. 
Davis had dreamed about. Who knows but 
that it was for the best, thus sparing him 
vicissitudes such as were imposed by his 
earlier spectacular success. His complete 
saga when it is written will reveal a depth 
of faith totally unfazed by difliculty. 

In the original ~~urchase  from v ~ ~ i t e d  
North and South, Magnolia acquired ap- 
proximately 60  percent of the Luling field. 
Later acquisition of other properties in- 
creased the Compaiiy's ownership to better 
than 90 per cent. Producing problems re- 
quired much attention during the four or 
five years follo~ving the purchase from 
United North and South, and it was not 
until the late thirties that appreciable .new 
drilling was attempted. The total number 
of producers in 1939 was 593, and in 1946 
the number was 675 (Davis and Goode, 
1957).  A late surge in development activity 
occurred in 194.6 when cooperative effort 
between United North and South Develop- 
ment Company and hIagnolia led to the 
drilling of a deep test on the northeast end 
of the field. This well, while unsuccessful 



i n  the beds below 3.000 feet on uhich the 
United Zorth and South had retained all 
rights. cut a fault a hich defined a previ- 
ously unknown fault segment produciive 
in the Edwards. A total of 230 nev nells 
were drilled after 1946. of which 42 I< ere in 
the new segment. All of this development 
was carried on by llagnolia. Infill drill~ng 
to complete spacing patterns contributed 
much additional oil from undrained por- 
tions of the reserl oir. mainly from the less 
porous and more pel meable dolon~itic beds 
of the producing section. Working 01 er old 
wells in these zones also i m p r o ~ e d  their 
performance. At present there are about 
550 producing wells in the field. 

I t  is estimated that at least 1.200 !\ells 
h a ~ e  been drilled in Luling field. The pro- 
ductia e area approximates 2,300 acres. 
Peak production n as obtained in Julv 19243 
with a n  average of about 4$7,000 carrels 
daily from 350 \\-ells. In 1926 daily pro- 
duction averaged around 20,000 barrels, 
and the yield per acre at that time 
amounted to about 15,000 barrels. The 
rate declined gradually until 194.6 when 
the daily take was ahout 3,000 barrels a 
day. This increased. as a result of new 
drilling and workol-cr operations. to 6.700 
barrels a day in 1955. Since then there has 
been a general decline. and the present rate 
(June 1958) is 5.400 barrels daily. Brack- 
ish sulfur water has heen produced ~cith 
much of the oil since the first discovery on 
the Rios lease. In  the early days this  rater 
after separation from the oil was allowed 
to follo~v natural drainage into the San 
nilarcos River. In  1948 a salt water disposal 
system. which returns the water to the Ed- 
wards below the producing zone. was in- 
stalled by Magnolia at a cost of $1.341,- 
000. Currently, over 300,000 barrels of 
water daily are being injected.12 

The comeback at Luling is due in large 
measure to the aggressiveness of Russell 
Clj-mer, Magnolia's District Production 
Superintendent, who in 1946 was trans- 
ferred to Luling from the limestone-pro- 
ducing area of Kansas and who worked 

1? Oscar Gaode, District Eng ineer ,  Magnolia Pclroleum Corn- 
pan?, Luling, pcrronal communicntion, September 1958. 

in close cooperation with the San Antonio 
District geological office. Cumulative pro- 
duction of record is approximatel>- 110,- 
000,000 barrels. I t  is interesting to note 
that Brucks (1929, p. 281) in June 1927 
gave a cumulative figure of 31.672.000 
barrels as of December 31; 1926. and esti- 
mated total ultimate recovery in excess of 
40.000.000 barrels. Since that time nu- 
merous reserve estimates have fallen short, 
and it is very difficult to arrive at a sound 
figure. 

Luling field and its discoverer merit 
much more time and space than can he al- 
lotted in this paper. but their importance 
can scarcely be overestimated. A new pro- 
duction trend was opened which has been 
actively explored for 36 years. 

Activity grew apace along the Luling 
fault trend following the United North and 
South discovery, and many tests were 
drilled before additional commercial pro- 
duction was obtained. A surface structure 
and fault were mapped during 1926 in an 
area about 3 miles west of Lockhart, Cald- 
well County (Weeks, 1930). Half a dozen 
tests \$-ere drilled in this general locality 
by various operators; one test. the Wil- 
ford et al. No. 1 Schroeder, had a good 
show in the Edwards lime. Roxana Petro- 
leum Corporation (now Shell Oil Com- 
pany)  assembled a lease block around the 
A. ' 6 7 .  Jolly farm in the C. Crenshaw sur- 
vey and refined the structural picture by 
means of core holes. 

Their Jolly No. 1 was spudded in May 
12, 1928, and was completed a month later 
for 25 barrels of oil a day with consider- 
able sulfur water from the Edwards at a 
depth of 1,351 feet. Roxana's KO. 2 Jolly 
encountered the Edwards at 1,268 feet: or 
3'7 feet structurally higher than KO. 1: and 
had an initial production of 300 barrels of 
oil daily. I t  flowed about 15 barrels a day 
but was completed as a pumper. This field 
is  small; a total of only ten producing 
wells had been completed prior to 1948. At 
this time the Southern Producing Com- 
pany took over the properties, which were 
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no longer producing. and started a new de- 
velop~nent program. They drilled 22 uells, 
1 9  of which were completed as producers 
in the top few feet of the porous Edwards. 

I n  1948 when all  ells had been aban- 
doned total recorded production amounted 
to 360.000 barrels. Following the new drill- 
ing program a peak production of 125 bar- 
rels a day from 18 ~vells was attained in 
1952. As of January 1. 1958, 1 7  \+-ells had 
produced 22,944 barrels during 1957, and 
the cumulative production since 1948 
amounted to 266,175 barrels. The  area of 
the field is about 250 acres. 

SALT FL.AT FIELD 
The fault line play led to specula ti or^ re- 

garding the source of salt water which was 
seeping to the surface in an area immedi- 
atel!- northeast of the town of Luling. That 
it probably came up along a fault seemed 
patent. and the presence of lower Wilcox, 
where terrace and a l lu~~ ia l  deposits ~vhich 
cover the country roundabout permitted 
bedrock to be observed, led to test drilling 
in the area. According to McCollum. Cun- 
ningham. and Burford i 1930, p. 1402 i the 
first production obtained here was from the 
Austin at 2,450 feet in the Sullivan et al. 
(later Bruner et al.) No. 1 Davis on May 
28, 1922. However, a log filed by the Lul- 
ing Oil and Gas Company with the Texas 
Railroad Commission indicates that their 
No. 1 Carter well in the Gerron Hinds 
league was spudded February 2,1927, and 
reported shows in the Austin from 2.430 to 
2,460 feet. Their Yo. 2 Carter was started 
Ma!- 2. 1928, and drilled into the Edwards 
with minor oil sho~rs .  Several other Austin 
wells Jvere completed in the area including 
Golden West Oil Company No. 1 Malone, 
which had an initial production of 500 
barrels daily. The Sun Oil Company drilled 
their KO. 1 Malone in search of the same 
pal-, hut it had only a sniall Austin show- 
ing and they deepened the hole to the Ed- 
wards. This well made the Edwards dis- 
covery on October 19: 1928, with an  initial 
production of 720 barrels a day flowing 
through a slotted liner at a depth of 2,712 
to 2,742 feet. I t  is located about a mile 

northeast of Luling to-rvnsite in the A. 
Floyd survey. Peak production in the field 
was reached in mid-1929 at about 50,000 
barrels a day. I t  dropped off rapidly and 
by January 1, 1930, the figure was 30,000 
barrels daily. This resulted in much dis- 
couragement as to the prospects at Salt 
Flat, but production levelled off in the 
thirties and in 1957 the Edwards probably 
accounted for one-third of the 721,500 bar- 
rels of oil produced during the year. A 
total of about 360 I\-ells had been drilled 
for Edwards production over an area of ap- 
ptoximately 2,000 acres. The field reached 
a low point in 1953, with 177 producing 
wells and cumulative production at 33:000:- 
000 barrels (Hendy: 1957, pp. 23-29). 
Since 1954. about 100 new wells have been 
drilled for Austin: E a ~ l e  Ford, and Buda 
production. Cumulative production to Jan- 
uary 1: 1958, is 35:046.914 barrels. Daily 
production in April 1958 was 2,050 barrels 
average of which one-third, o r  about 700 
barrels. is estimated to be Edwards oil. The 
Ed\%-ards wells at Salt Flat may be making 
better than 98  percent water, which is 
slightly higher than the ratio at Luling 
and Darst Creek. 

The Luling fault sptem is shown on a 
generalized map of the Coastal Plain of 
Texas ( Deussen, 1924, p. 132).  The faulted 
belt extends southwestward across Guada- 
lupe River and terminates south of San An- 
tonio in Bexar County. Although there is 
nothing on the map to localize the fault in 
the immediate area of Darst Creek in 
Guadalupe County, Roscoe E. Schuttlsa 
stated that he recognized faulting in the 
Darst Creek area in 1923 but many other 
faults were found, some of them much 
Inore pronounced than the one at Darst 
Creek. Independent search of drainage 
courses by the late A. B. Bauchman resulted 
in the discovery, or perhaps the redis- 
covery, of slickensides and sleep dips in a . 

tributary gully of Darst Creek. Educated 
as a law!-er but qualif!-ing as a first-rate 

"'Prrional communication, July 24, 1928. M r .  Schuli was a 
:eologict for Roxnnn Pelroleurn Company at the iixne of thc 
fault-line nrtirily; he  now i s  a consullant a1 Tulsa, Olilohorna. 



amateur geologist. RIr. Bauchman recog- 
nized the significance of his find and 
brought it to the attention of the well- 
known surface geologist Dilworth Hager, 
who at the time %%-as mapping in the vicin- 
ity of Lockhart, Cald~vell County. The late 
Hilmer H. Weinert. with whoin Bauchman 
was associated, joined in support of de- 
tailed surface work in the faulted area. and 
Dilworth Hager, ~ i t h   he assistance of 
Robert Frank, prepared a geologic map in 
September 1928. When the work revealed 
closure against a typical up-to-the-coast 
fault. a large lease block was assenlhled by 
Weinert. Bauchman. and Hager, parts of 
which were then sold to various companies 
for development. 

The  scientific methods used in exploring 
the Darst Creek area and the planned loca- 
tion of the first we11 near the center of the 
closure against the fault led to a spectac- 
ular discovery on the initial test. This was 
The Texas Company- So .  1 Dallas Wilson, 
which this company had an obligation to 
drill as part of the lease consideration. It 
was completed on July 18; 1929, flowing 
over 1,000 barrels of oil a day from open 
hole in the Edwards at a depth of 2.603 
to 2,610 feet. 

Development in this field at first was 
slort- due to the generally depressed econ- 
om>- and particularly because of the oi-er- 
production ol oil in south-central Texas. In 
a n  attempt to forestall the erratic drilling 
and heavy flush production ~i-hich oc- 
curred at Luling and Salt Flat: the oiler- 
ators agreed to conduct development in  an 
order.1)- and syste~natic manner under  he 
direction of an  umpire. On January 1: 
1930. he issued the first schedule for 15.369 
barrels to be prorated arnong the operators 
according to their proven 20-acre units and 
the average potential production of ~iells 
i n  each unit. This daily allowable was 68 
percent of the 22.397 barrels of the field's 
potential at that time. Drilling accelerated 
greatly following this agreement, and the 
daily potential increased during early 1930 
to a peak of 2S5.864 barrels on May 1. 
The continuing slate of overproduction in 
the industry made it necessary for the um- 

pire to reduce the allowable to 9 percent 
on the latter date. The voluntary proration 
gradually broke dolvn after so stri~lgent a 
restriction, and pipeline runs increased 
from a daily average of 28,201 barrels in 
June to 50,763 barreIs a day in October. 
The Texas Railroad Commission then took 
over regulation of the field and beginning 
on October 29, 1930. restricted the daily 
allolvable to 30,000 barrels. This 1-olume 
was continued until March 14, 1931. when 
it was reduced to 20,000 barrels. On Oc- 
tober 17. 1931, the allowable was cut back 
to 18.000 barrels. which figure was main- 
tained through December 1931 ( McCal- 
lu111~ 1933) . 

Darst Creek has been one of the best 
regulated fields as a result of being placed 
under proration early in its development, 
and as a whole the operators cooperated 
very satisfactorily. This prevented calam- 
itous overproduction and brought about 
systematic development of the field. Un- 
doubtedly this has kept producing costs 
lower and will result in inuch greater ulti- 
mate per-acre-foot recovery than will be 
true of the earlier Edwards fields. 

Several wells of phenomenal initial pro- 
duction were completed, such as John 
Camp 10. 1 Sue Denman, which made 
6,000 barrels of oil a day, and The Texas 
Company, Sun, and Gulf Knoblock ~vells, 
which are reported to have had \-cry large 
iniiial production. Most prolific of all was 
Magnolia Petroleum Company KO. 1 31. E. 
Roamel, which blelv out while drilling and 
made a proration test of 4~1:923 barrels 
daily. It flowed 1,621 barrels of oil the 
first hour and 1.747 barrels the second 
hour through 6ys-inch casing from a 
crevice in the Austin. The oil is thought to 
ha\-e come from the Edwards reserl-oir. 
This well was exhausted in a very short 
time, and the offset location had a potential 
of only 750 barrels daily. Two other wells 
drilled on the lease were dry. 

-Elon At the time that Railroad Cornmi:-' 
control was imposed there were 250 pro- 
ducing Edwards wells. These increased to 
350 by January 1937 and to 500 at present. 
The maximum yearly production of 
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11.550.000 ba r~e l s  vas  reached in 1930 
but declined p1 eclpltously immediately 
thereaftel because of stlict proration and 
stood at abou~  2.000.000 barrels In 1940. 
Duiing World War I1 the la te  was in- 
CI eased. reaching 3.425,000 bar I els in 
1943. then declining to around 2.500,000 
bai 1 el. In 1951 iHend), 1957. p. 32 1 .  New 
d ~ i l l ~ n g  and tvolkote~s  starting at this 
tirne hiought the field to a new peak of 
3.200.000 barrels of Edwards oil in 1955. 
PI oduction in 1957 11 as 3.380,307 bairels. 
In A11111 of 1958 Darst Creek  as produc- 
ing at the late of 221.148 barrels monthly. 
1\1iich Includes about 10 percent of oil 
f ~ o r n  beds younger than Edwards. Total 
cumulative production to Januai J 1. 1958. 
is  95.613.140 b a ~  I els. of which 92.500.000 
is estimated to h a ~ e  come from the Ed- 
walds. The area of the field is app~oxi-  
matel) 2.000 acres. 

Water has been ploduced with the oil 
froin many wells since they T$eie Ellst 
131ought In. and \+ate1 disposal has hcen a 
sei lous problem. W'ater folmerl) \)as re- 
taliled in a large suilace reservon. b u ~  as 
the quantities increased this becaine im- 
plactrcal~le. All ploduced water nor+ 1s in- 
jer ted b\ disposal 11 ells into the Edu ards 

formation below the oil zone. The ratio of 
oil to x+ater now is 96 percent, Lut produc- 
tion is likely to last for another tell years. 

B ~ a z r o s  FIELD 
Branyon field in Caldwell County is in- 

cluded with Luling in the Railroad Com- 
mission reports. but it is a relatively new 
producer from the Edwards on the Luling 
trend. The presence of faulting northeast 
of the Luling field has been kno~c-11 since 
the earliest exploration along this trend, 
and Bsucks (1927. p. 837) defined the 
Burdett Wells and Cibolo faults in 1927. 
Drilling was attempted as early as 1928 
and sollie Austin chalk production resulted. 
It was not until 1953 that a trap in the 
Edwards was discovered. Hoxey Oil Com- 
pany So.  3 Ross in the Samuel Shupe 
survey was the first completion on >larch 
2, 1933. It pumped 91 barrels a day from 
perforations in the Edwards a t  2.325 to 
2.358 feet. Since the discovery. 32 wells 
ha\-e heen completed ill the Edwards. Their 
psoduclive rates have T-aried fro111 20 to 91 
barrels per day (Hendy, 1957: pp. 32-33). 
Cumulative production to date is estimated 
at 430.000 barrels. The field has an area 
of 175 acres. 



INTER1IEDIATE FIELDS 

Surface geolog!- received much atien- 
lion during the later twenties and the early 
thirties down d ip  from. but generally on 
strike lvith, the Luling fault trend. One of 
the best-defined a n d  most promising pros- 
pects resulting f rom the work is  the Pear- 
sall anticline i n  Frio County. I t  \$-as 
mapped  in 1929-1930 by L. W. Clark of 
the Amerada Petroleum Corporation.'" 
This  Cornpany in a joint effort ~ i i t h  the 
Rycade Oil Corporation then acquired a 
lease block of 20,000 acres on the fa\-or- 
able area and carried out a core-drilling 
program over the acreage in 1930. -4 seis- 
mograph  survey follo~ved in 1931. and as 
a result of this work  the Company leased 
another  60,000 acres. A well to test the 
E ~ T $ - a r d s :  Halff a n d  Oppenheimer S o .  1, 
was begun on August 28.1932: and  reached 
the total depth of 6.312 feet on January 1: 
1933. The Edwards. encountered at  6.302 
feet. carried a s t rong odor of oil, gas, and 
hydrogen sulfide: but  [he show did not 
justify an attempt to complete the \$-ell and 
i t  \cas abandoned. In  1937 the hole Tias 
worked over and completed a s  a n  oil I\-ell 
i n  the .Austin. This  first well h a d  been 
located near the middle of the Pearsall 
structure. A second well. Amerada S o .  1 
Doering. located near  the  south^\-est end 
of the Pearsall anticline on a closure sep- 
arated from the main structure by  a saddle, 
was started on August 18: 1933, and Tvas 
completed March 3. 1934, for  a reported 
1,500 RI cubic feet of gas daily from the 
Edwards at 6,4453 to 6.459 feet and the 
Georgeto~j-n at 6 ,351 to 6;363 feet. The 
1z7ell had  to be abandoned in a short time. 
This  area has since proved to be  produc- 
tive in  the Olmos sand and is d e s i p a t e d  
Doering field. After detailed seismic ~vork  
i n  1933. -4merada and  Rycade drilled S o .  
2 Halff and Oppenheimer, located about 3 
miles northeast of KO. 1 Halff and  Oppen- 
heimer, to a depth of 10.050 feet. At 6.000 
feet it  entered the Edn-ards, which tested 
sulfur  water. This hole: after being plug- 
- 

l3 A .  Roger Deniion, per>onal ~.o!ninnrric;ttion, Jul: 1958 

ged back. made 16.000 )I cubic feet of gas 
from the Olmos sand and thus became the 
disco\ely well of the Pearsall field. 

The  Pearsall field. although it  has not 
produced commercially from the  Ed\$ ards. 
is important in the history of Edu  ards pro- 
duction because the effort expended in 
exploring this area contributed informa- 
tion 11-hich has been 1-ery useful in later 
phases of Edwards exploration. 3Iuch 
credit is due the Amerada staff1.& \tho pio- 
neered in this field. 

T h e  Imogene-Jourdanton-Charlotte fault 
system in central Atascosa County. which 
is  a southwestward continuation of the 
Mexia-Milano- tangle^\-ood-Smithdle fault 
trend.15 was discovered by surface geol- 
ogy. Henry D. McCallum, working out of 
the San  Antonio District Ofice of Humble 
Oil 8 Refining Cornpan!-. mapped the Imo- 
gene structure i n  1934. This Cornpan)- as- 
sembled a block of 6,500 acres on the pros- 
pect early in 1935. but no tests were drilled 
until 1942. About a year after the Imogene 
area had been worked. surface faulting 
was found i n  the Charlotte area as IIc- 
Callum's exploration continued ~veet~vard 
to the  Atascosa-Frio County line. Other 
operators. notably The Texas Company 
and  3Iagnolia Petroleum Cornpan!-. \\-ere 
a c t i ~ e  in the area b!~ this time. Severthe- 
less Humble succeeded in leasing 7.000 
acres on their new prospect, IIapnolia 
somervhat less, and other operators picked 
u p  scattered leases in the play. 

A gravity meter survey of the area by 
Humble followed the surface geology in 
1937. Subsequently core drilling 1-erified 
the displacement of 110th the Imogene and 
Charlotte faults. Reconnaissance seismic 
operations in  1940 confirmed the surface 
work. showing closure along the upthrown 
side of both the Imogene and  Charlotte 
faults. In addition it  pointed out the Jour- 
danton area, where surface faulting had 
- 

? 'Sidney Powers, Cllief Geologist, Tulsa, Oklahornn: A. 
Roger Denisan,  Division Gpologict. For1 Worth, Texas ;  I.. A. 
h l a c S a u ~ h t o n ,  District Geologi:t, San  Antonio, T e w s ;  0. C. 
Lerler,  Geoph:sirnl Supervision.  '" Hvni: D .  BleCalIum, pciianni communicnlion, 1958. 
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been recognized but  was not recommended 
because of its complexity. East Imogene 
also was a seismic prospect.l"l1 of these 
faults are up-to-the-coast or with the down- 
t h r o ~ v n  block to t h e  northwest. 

George H. Clark of The Texas Company 
betxceen 1935 a n d  1938 made a detailed 
s tudy  of Claiborne exposures from the 
Guadalupe River i n  Gonzales County to 
Pearsall  in Frio County which led to his 
disco\-ery of the Charlotte field anomaly in 
1936. L-pon Clark's recommendation The 
Texas  Company acquired a block of ahout 
3,000 acres i n  leases. much of which 
prol-ed to be highly productive in the 
Olmos sands. Leroy Fish: well expcrie~iced 
i n  surface geologl-, also recognized the 
structural features of this area while ti-ork- 
i n p  f o r  The Texas Company. Seismic sur- 
veying in 194.6 and  19-17 closely tied down 
the surface indications of faulting in the 
Charlotte-Dobro~volski trend." 

)Iagnolia Petroleum Company and sev- 
eral  independent operators obtained vary- 
ing  amounts of acreage in the play. hut the 
bulk of the production is on Hurnble and 
T e x a s  Company leases. 

I ~ I O G E \  E FIELD 

T h e  first test drilled along the Imogene- 
Charlotte trend 11as Humble Oil S Refin- 
ing Company No. 1 AI. L. Thompson TI ild- 
cat. completed O c t p b e ~  8, 194.2. as an oil 
well from the E d u a i d s  at  7.563 to 7.576 
feet. This  became the discovery \\ell of the 
Imogene field (named for a nearby to\+n- 
site and railroad siding) and the first 
11rox "1 occurrence of Edwards oil o r  gas at  
a depth greater than 2.650 feet. The 
Thompson was a marginal well making 
only 38 barrels of oil per day and  71 bar- 
rels of salt water on pump. I t  was follo~\.ed 
b y  dr! holes on the A. C. Soechting and 
D u ~ e n  and Richter leases, the latter termi- 
nat ing in the top of the Sligo at  a depth of 
9.390 feet. The first good production came 
i r o m  Humble's H. H.  Coward No. 1 well 
i n  June  1944, which made 270 barrels of 
oi l  daily. but with a high gas ratio. Imo- 
gene field now h a s  25 oil wells and tu o gas 

wells. Peak oil production was reached in 
1946 with a total of 248,000 barrels. This 
declined to 122.000 barrels in  1950 but  
increased to 138.537 barrels in  1951 after 
tlze treating plant south of Jourdanton be- 
gan processing the gas from Imogene. A 
second peak of 140.000 barrels was reached 
i n  1952. but the  rate has declined since 
a n d  amounted to 97.055 barrels for the 
year 1957. C u m u l a t i ~ e  production to Jan- 
uary 1. 1958, is 2.110.000 barrels of oil. 
T h e  productive area is approximately 
1.050 acres. 

CHARLOTTE FIELD 

Charlotte field Ed~cards  production was 
discovered in Humble Oil 8. Refining Com- 
pany  S o .  3 E. J .  Pruitt  in  August 19M. 
Pruitt  S o .  1 proved to be outside the clos- 
ure  and was dry.  Pruitt  No. 2 was on the 
do~cnthrown side of the fault on the Ed- 
wards and dry: Depth to the Edwards in  
the producing zone is near 6,900 feet. with 
the wells cutting a n  up-to-the-coast fault of 
4.00 to 600 feet displacement. Production 
figures are not available because the Rail- 
road Commission cousolidates Edwards 
production with the Navarro, ~vhich  is 
highly productive in the field. Of the 17,- 
34.3.901 barrels total cumulative produc- 
tion to January 1. 1958, ~ r o b a b l ~  about 
one-fifth came i rom the Edwards. Total 
production for  the year 1957 was 1.027,- 
369 barrels, including oil f rom the Na- 
varro. There a re  14 Edwards producing 
wells in an area of 470 acres. 

The  prospective area south of the town 
of Jourdanton. Atascosa County. which 
had  heen somewhat neglected b1- Humble .. 
in  the urgency of activities a t  Imogene and 
Charlotte: soon attracted the attention of 
several other operators. Magnolia Petro- 
leum Company started a seismic crew on . , 

what !\as known as  the Christine s u ~ f a c e  
~ x o s p e c t  in Kovemher 1943; by  October 
194-1 that crew had surveyed a t ~ i d e  strip 
across celltral Atascosa County. This en- 
abled JIagnolia. and several other operat- 
01s I\ ho made localized surveys. to obtain 
fa\  orable leases. Hov e l  er. Humble drilled 



Edrcards 

the disco\ery \veil in their KO. 1 Henly 
Schoisch. original11 completed a s  a gas 
\<ell o n  December 25. 1945. T h e  fiist oil 
well !\as Humble Oil S Refining Company 
No. 1 RIoursand. comljleted April 19. 1946. 
Del  elopment proceeded s lo~rly because of 
war -time restrictions. and relati>el> few 
d r )  holes were drilled. L ~ k e  all other ~ 0 ~ 1 t h  
Texas  Edwards fields discovered u p  to this 
time. the trap is formed hy  closui e aganlst 
a n  up-to-the-coast fault with 5 0 0  to 600 
feet of lertical displacement. T h e  alclage 
depth of the E d n a r d s  1s 7,300 feet and 
closure 1s about 350  feet. In the ear l j  stages 
of deIelol~rnent a n  attempt was made to 
establish zones of po~os i ty  separated 11y 
impel 1 ious beds. Expe~ience  in  producing 
from the leservoir has  indicated that there 
i s  intei communication throughout the field 
and  the gas-oil. ~ a t e i - o i l  contacts a l e  uni- 
f o ~ n ~ .  Operators in  the Edwards field are 
Humble. Magnolia. Pan American. Delta 
Gulf. PI\ mouth, and  American Republics 
C o ~ p o r a t i o n  (now Sinclair Refining Com- 
pan! ) . On Januarh 1. 1958. there \<ere 37 
f l o ~  i n g  and 17  pumping \+ells i n  the Ed- 
wards ~eservoir.  011 ploduced in 1957 
amounted to 256.837 ba~rels .  and cuinulat- 
ive ~ ~ i o d u c t i o n  to January 1. 1958. is 4.- 
059.709 barrels. 41ea of the field is ap- 
proxirnatelp 4.600 acl es. 

MLII, FIELD 
T h e  hIuil field is situated down-dip f ~ o m  

the Pleasanton field and the wells encount- 
ered the E d ~ $ a r d s  a1 an average depth of 
8.950 feet. The t r a p  is f o ~ m e d  b y  a n  up-to- 
the-coast fault which bends southeast\!ard 
across the regional stlike and has  a closure 
of a h o u ~  100 feet. The structure ~ t a s  dis- 
co le red  by a seismic survey. Quintana 
Petloleum Corpoiation drilled the Muil 
lease. in nhich Magnolia Petroleum Com- 
pany  has a part interest. early in  1946 but 
abandoned the well as a dry hole because 
the top of the E d u a i d s  was tight and the 
drill stem test was negative. Later. in Jan- 
u a l j  1947. it was deepened and conll~leted 
a s  a gas ri ell a t  8.870 feet. in the Geol ge- 
toun .  but open to junked drill pipe and 
collals at the total depth of 9,012 in the 
E d u a r d s .  The gas  robab ably comes flom 

the Ed\\-ards. Quintana's Muil No. 2 and 
KO. 3 were completed as oil wells in 1946. 
Wells Xos. 4 and 5,  drilled i n  late 19436 
and  earl!- 1947, were dry holes. The gas 
well made 263,000 hI cubic feet of gas 
and 6.680 barrels of distillate during its 
productive life of two years. Thc t\\-o oil 
\\-ells made 7,731 barrels of 42' grayit>- oil 
i n  1957, and the cumulative production to 
January 1, 1958, is 134;418 barrels. The 
area covered is approsimately 270 acres. 
Recently the Quintana interest has been 
acquired by Gulf Oil Corporation. An at- 
tempt to extend the producing area 11roved 
unsuccessful. 

East Imogene is a much later discol-ery 
along the northeastern extension of the 
Imogene-Charlotte fault system. The dis- 
cover!- well3 drilled in October 1947. is  
Humble Oil & Refining Compan!- S o .  1 
Gordon and Dinsmore. It  was completed in 
the Edwards a t  8.093 to 8,104 feet for 32 
barrels a day of 3:3' gravity oil with a re- 
lati\.ell- high gas-oil ratio. Maximum oil 
production was obtained in 1948 at  48.800 
barrels. Since 1952 the production has 
been gas-distillate, and the peak of this 
phase of production was reached in 1952 
when the total gas amounted to 1.420.500 
M cubic feet and the condensate totaled 
41,560 barrels. This  increase resulted from 
a connection hav ins  been built to the Lone 
S ta r  plant a t  Pleasanton field. In 1957 the 
gas produced was 1:355.120 M cubic feet 
and  the distillate 2'i1595 barrels of oil from 
four  wells. Cumulative production to Jan- 
uar>- 1. 1958, is 37.800 barrels of oil. 203,- 
782 barrels of condensate, and  8.541.800 
RII cuhic feet of gas. The area assigned to 
production is a p ~ ~ r o s i m a t e l y  1,250 acres. 

PLEASASTOI FIELD 
Pleasanton field is a Lone Star  Produc- 

ing Company's discovery on a n  up-to-the- 
coast fault of about  400 feet displacement. 
The  average depth to the Edwards is 8.100 
feet. The first well was Lone Star  S o .  1 
Ferr!-, cornpleted January 1 ,  1951. for 128 
harrels  of oil per day. Later wells had high 
gas-oil ratios, and  the gas is cycled. OiI 
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was produced until 1956 when the total TANGLEWOOD FIELD 
curn~hative production from five produc- 
ing ~vells, with two injection ~vells, was 
13.085.125 M cubic feet of gas and 3,131 
barrels of condensate. The area of the field 
is approximately 885 acres. Closure 
anlounts to 200 feet with 165 feet in the gas 
cap and 35 feet in the oil column. The field 
is  unitized and pressure is maintained 
through a recycling plant. Reserves have 
been calculated a t  9.000,000 barrels of oil 
and distillate and 31 billion cubic feet of 
gas. Recovery of 2.000,000 barrels of 
liquid hydrocarbons by recycling is esti- 
mated and 23 billion cubic feet of gas with 
2 0  barrels of liquids per million after re- 
c>-cling operations cease (Knebel and 
Jones. 1957). 

Pleasanton, South, is a very recent 
(1957 discovery falling between the Imo- 
gene and East Imogene fields. The first 
well was Mosbacher et al. No. 1 Charles 
T. Troell, completed in March 1957 for 
7,900 AI cubic feet of gas open Aon- with a 
gas-oil ratio of 32,8-10:l. The Ed~cards  pay 
i s  a t  a depth of 8.182 to 8,190 feet. There 
a r e  only two wells in the field, both shut in 
because the gas is sour and scrubbing 
plant facilities are  not yet available. Area 
under production in this field is esti~nated 
a t  640 acres. 

The Tanglewood area near the northern 
corner of Lee County for many years has 
been recognized as a complex fault pros- 
pect. hIost of the \+ells drilled to test the 
Ed.r+ards had sho~cs  of oil. Humble Oil 8: 
Refining Company made two small com- 
pletions in 1948. Their No. 2 Vick had an 
initial production of about ten bai rels of 
oil per day from open hole in the Edwards 
a t  6.332 to 6,341 feet. and the No. 1 John- 
son made 29.91 barrels of oil daily from 
open hole at 6,317 to 6.324 feet. Both wells 
\yere abandoned after producing a few 
thousand barrels. 

The complicated faulting of the Tangle- 
wood area in Lee County extends north- 
east~! ard into the I+ estern part of Burleson 
County near the tovn of Chriesman. Sev- 
eral ~vells have been drilled to the Edwards. 
and one of these. Red Bank Oil Company 
KO. 1 Coffield, was completed in hIay 1938 
as a small producer. With pipe at 6,168 
feet and the hole bottomed a t  6.184 feet, 
initial production after acidizing is given 
as -10 barrels of oil a day and 100 barrels 
of salty sulfur water. The well did not prove 
to be commercial. and abandonment be- 
came necessary within a few months. 



DEEP EDWARDS FIELDS 

Exploration for production from the Ed- 
wards formalion a t  depths below 10,000 
feet has been based largely on seismic sur- 
veys. Available surface and subsurface geo- 
logical control relates to Wilcox develop- 
merit and except for some faulting fur- 
nishes meager information on Ed~rards 
prospects. The first deep test was started in 
1940 when the Quintana Petroleum Corp- 
oration drilled the South Texas Syndicate 
No. 3, iii northeastern LaSalle County, to 
11,042 feet. This well blew out on an at- 
tempted open-hole drill-stem test but was 
brought under control with weighted mud 
after two days. Completion efforts failed 
because the well had been drilled into wa- 
ter. Discouraged by this expensive attempt 
to obta i~i  production. Quintana did not try 
again for deep Edwards until 1945, ~vhen 
the!- drilled No. 3-D South Texas Syndi- 
cate in the Green Branch area of McRIullen 
Count);. This well reached a total depth of 
15.301 feet with no shows recorded. The 
Gulf Oil Corporation drilled an unsuccess- 
ful Ed~rards  test early in 1945 in the F7ei- 
gand Carrizo-Wilcox field, which had been 
deleloped on the basis of a surface fault 
mapped 111 thevicinit) of Fashing. Atascosa 
County (Pinkley. 1958). The possibility 
of Edwards production closer to the fault 
was recognized by George R. Pinkle! and 
others. but several )ears elapsed befole ad- 
ditional drilling i esulted in the disco1 ery 
of the Fashing field. Stanolind 011 and Gas 
Conipanl attempted a deep test ~ i t h  their 
No. 1 Henry. located 6 miles north~$est  of 
Tilden. hlcMullen County. This uell re- 
q u l ~ e d  nearly a full > ear to drill and was 
abandoned July 6, 1948, at a total depth 
of 11.046 feet in the Lower Cretaceous 
Hosston formation. I t  entered the E ~ T +  ards 
a t  10.310 feet with i~iteifingering Kiamichi 
facies to 10.545 feet .r+ here reefing occurs. 
Shol+s of oil and gas were obtained from 
the uppel part of the Edwards. but the 
poious zone was in the water and the xell 
could not be completed as a cornnlercial 
producer. The next deep hole. No. 1 Arch- 

bishop of San Antonio, drilled during 194.9 
in central LaSalle County by Plymouth Oil 
Company to 12:5~1,2 feet, had no Kiamichi 
and entered good Edwards reef limestone 
a t  10,400 feet. Difficulty encountered in 
making drill-stem tests from the Edwards, 
although shows of oil were found in cores, 
necessitated abandoninent of the well. In 
1950 H. R. Smith drilled the KO. 1 J. C. 
Dil~vortli. which went from Upper Cretace- 
ous Taj-lor shales into clear rock salt at 
approxiniately 7,700 feet. This established 
the presence of salt domes along the deep 
Edwards trend (Kimmell, 1957) . Phillips 
Petroleum Company 30. 1-A Washburn 
Ranch in McMullen County which started 
Decenlber 1, 1951, was abandoned six 
months later i n  the Glen Rose at 16:410 
feet. Another deep failure, Phillips So.  1 
LaSalle Company iii central LaSalle Coun- 
ty. terminated July 11. 1952, at 12,000 
fect in tight Edwards limestone. Seither of 
these Phillips wells furnished any evidence 
of salt dome or reefing but penetrated only 
nornlal marine sediments. 

S IN MIGL EL CREEK FIELD 

The discovery of deep Edwards p~oduc-  
tiori is credited to the Humble Oil 8 Refin- 
ing Conlpany in theii ho .  1 Louis 31. Gub- 
bels  ell drilled during the sunirnel of 
1953. This well blev out when a drill-stem 
test .itas attempted at 10.178 feet. but it 
was blought under control and completed 
through open-hole peiforations at 10.149 
to 10.182 feet for 70.000 M cubic feet of 
gas pel day on ]A-inch choke. This p~oduc-  
tion is fiom high11 flactured E d ~ \ a i d s  on 
a deep salt dome. as indicated b) seinlic 
su~.re!s. Since this discovery, one addi- 
tional Edwards veil has been drilled but 
the for mation pro\ ed to be too tlght for a 
completion. This one-well E d ~ a ~ d s  gas 
field has been shut in a\$ aiting the installa- 
tion of a large treating plant and the com- 
pletion of new pipelines to furnish a market 
for the gas. 
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Southwestern LaSalle Counly Jras in- 
vestigated by the Stanolined Oil and Gas 
Company (now P a n  American Petroleum 
Corporation) i n  the early fifties. Martin L. 
Johnson and J. B. Souther prepared a geo- 
logical report and.  ~ i - i th  the aid of a seismic 
survey. developed a n  explorator!- program. 
T h e  prospect did not receive urgent con- 
sideration; howel-er, until cores from the 
Edwards in Plymouth's Archbishop well 
were examined. T h e  definite reefing char- 
acteristics and oil staining found in these 
cores by J. B. Souther convinced Stano- 
l ind that their Stuart  City prospect merited 
drilling.ls Stanolind Yo. 1 Mart in was 11e- 
g u n  September 15. 1953, and, t rue to rx- 
pectations, encountered an Edwards reef a t  
1.0.030 feet. This proved to be a hiol~prm 
built  up to the base of the Buda limestone 
of the  Kashita g roup  near the top of the 
Comanche Cretaceous. This well xcas com- 
pleted February 2. 195-1. from perforations 
a t  10.092 to 10,120 feet for an initial esti- 
mated 4 7 0 0  M cubic feet of gas  daily. 
Five additional Edwards wells have been 
drilled on the prospect some of I+-hich have 
reefing up to the base of the Eagle Ford: 
bu t  only three of these Icere completed. All 
four  productive wells have been shut in 
awaiting plant facilities and pipeline con- 
nections. 

SYNDIC 4TE FIELD 
H.  R. Smith No. 1 South Texas S T  ndicate 

i s  the discovery lie11 for this field in Mc- 
Mullen County. I t  11 as completed January 
20. 19.5-1. from petfotations a t  10.658 to 
10.682 in an E d u a r d s  hiohermal reef. The 
initial p~odur t ion  has bccrr estimattd at  
4.200 XI cubic feet of gas a d a ~  011 open 
flow M ith a small srnount of 47.6" g~ a\ ity 
distillate. This one-lie11 field is shut in 
awaiting plant facilities and a maiket  for 
the  gas. 

Standard Oil Company of Texas opened 
this field with the drilling of South Texas 
Syndicate. Lease 2. S o .  1, i n  east-central 

LaSalle Count) on February 14. 1955. 
Conlpleted fro111 open Iiole i n  the E d ~ i  ards 
betlieen 10.258 and 10.346 feet. the well 
made an estimated 10.500 M cubic feet of 
gas  and 11 barrcls of distillate pel ~ n ~ l l i o n  
per  d a j .  A second \+ell completed IIT the 
same operators as  the South Texas SF ndi- 
cate. Lease No. 2. in April 1955 ~ e p o r t e d  
a n  initial production of 6.000 RI cubic feet 
of gas per d a y  from the upper Eduards 
perforated a t  10.228 to 10.300 feet. The 
gaq-oil ~ a t i o  is  g i ~ e n  as 276.000:l. Both 
\+-ells a1 e producing 

DILWORTH. SOUTHEAST FIELD 
This field was brought i n  I)!- Standard 

Oil Company of Texas with their KO. 1 
Mrs. Mary Jean Dil~+-orth, which is located 
on  a seismic prospect. The area is ahout 
444 miles southwest of Tilden, McMullen 
County. The well. completed on February 
14. 1955: from perforations a t  11.170 to 
11.270 feet in  Edwards reefing made an 
initial t ~ s t  of 11.300 AI cubic feet of gas 
dai ly and 1.4' barrels of distillate per mil- 
lion cubic feet of gas. Two wells have been 
completed as  producers to date. They a re  
connected to the Transco pipelines. 

COOKE FIELD 
This is a one-I+ ell field disco\ered b p  

Stanolind Oil a n d  Gas Cornpan\- So.  1 
C. S .  Cooke located near the geog~aphical  
cerlter of LaSalle County. Completed Feb- 
ruary 4. 1956. the initial production is re- 
ported to have been 4.600 M cubic feet of 
drj- gas on open flow. It  is f rom Edlvards 
reefing at 10.286 to 10.326 feet. -4t present 
a one-I{ ell field. production is shut in ali ait- 
ing d e ~  elopment. 

H E ~ R Y  FIELD 

The  early test drilled on the G. W. Henry 
ranch by Stanolind in 191.7-191G proved 
to he off structure. and it  was not until 
August 1956 that Standard of Texas 
brought in the field v i th  the drilling of 
their S o .  1 J. B. Henry. This well is com- 
pleted flom Edwards porosity in  open hole 
a t  10.5-29 to 11,060 feet for 40.000 11 cubic 
feet of gas and 18 b a ~ r e l s  of distillate daily. 



Presently a three-well field. it has been tied 
into the Transco pipeline. 

LOWE R ~ S C H  FIELD 

Newman Brothers of San Antonio found 
Wilcos production on the Lowe ranch. 11 
miles southwest of Tilden, in 1951. but 
Amerada Petroleunl Corporation S o .  1 
Ethel L. Craig, completed September 5. 
1956. is a discovery nell for the Ed~ ta lds  
field. D~illed to a total depth of 14.479 feet. 
it  topped the Edwards at 143,085 feet. 
Stratigraphers are not in full agreement as 
to the section drilled in the lowel part of 
this hole. but the Amerada geologists and 
several others, including the writer. pres- 
cntlv hold that the sediments are of deep- 
M ater o~ ig in  with 2.100 feet of Geol setown 
and Kiamichi overlying the Edwards. The 
latter is hard and dense-but highly f ~ a c -  
tured. Production is from thh fractuled 
zone uith performations at 13.G81 to 
14.179 feet. The xolume has been esti- 
mated at 97,500 RI cubic feet of gas per 
da! \\ ith a little distillate. A seconcl test 
drilled in 1957 had to be abandoned he- 
cause of mechanical difficulties. and the 
thild hole. completed in March 1958. \\as 
dry. Gas from this field is sweet and has 
had a ready market. 

WHITE KITCHES FIELD 
Coon and Dunn-oody. drilling a Carl.izo- 

Wilcox prospect 1 3  miles southeast of Co- 
tulla. LaSalle County, discovered the White 
Kitchen i Wilcox) field in October 1954<. 
Ed\\-ards production was found two years 
later when Lee Brothers Oil Cornpan!- So.  
2 Storey encountered gas at 10.100 feet. 
The well is completed through perforations 
a t  10.407 to 10:4'30 feet for 1,800 11 cubic 
feet of dry gas per day and is on a pro- 
ducing status. Pan American Petroleum 
Company. Texam Oil Corporation. and 
Luling Oil and Gas Company hal-e in- 
terests in this well with Lee Brothers. 

MULL P ~ S T L R E  FIELD 

Phillips Petroleun~ Company drilled 
their S o .  1 Mula in the 1Iula pasture of the 
Wa.hbuln ranch located 6 miles south of 
Feu l e ~  ton in McRIullen County near the 

LaSalle County line. This well discovered 
Mula field Wilcox oil in September 1952. 
It a as April 1957 before Jupiter Oil Com- 
pany drilled a deep test to explore the Ed- 
wards in their South Texas Syndicate No. 
2. This nell is completed through perfora- 
tions at 10,533 to 10.577 feet for an esti- 
mated open flow of 12.800 M cubic feet of 
dry gas per day. Like many other sour gas 
wells of this general area, produciiorl is 
shut in awaiting marketing facilities. 

DILM ORTH FIELD 

The Dilworth field is originally a lo~ver 
Wilco.; discovery b~ough t  in by H. R. 
Smith on the J. C. Dill\ orth lease located 7 
miles vest of Tilden. 1IcMullen County. 
October 11, 1950. Humble Oil 8 Refining 
Cornpan)- No. 2 J .  C. Dilworth disco! ered 
the Edv ards production in September 
1957. This well is completed from pe~fora- 
tion. at 10.670 to 10.765 feet in the upper 
part of the Edwards for an estimated 36,- 
500 31 cubic feet of gas a day wiih 5.7 bar- 
rels of distillate per million. At present it is 
the on11 Edwards producer in the field. The 
original Smith xell encountered salt at 
7.710 feet. thus establishing the structure 
as a salt dome. Ploduction is largel? a re- 
sult of fracJu~ing in the Edwards. 

ISAACI~S FIELD 

Standard Oil Company of Texas in Sep- 
tembel 1957 completed the No. 1 J. V. 
Isaacks located on a seismic prospect 7 
miles southwest of Three Rivers. Lil e Oak 
County. It is perforated in the Eduards 
a t  12.556 to 12.736 leet and has an orig- 
inal potential of 1.122 11 cubic feet of gas 
daily on %-inch choke. This is a one-]tell 
field shut in awaiting marketing facilities. 

FASHISG FIELD 

The Fashing (Edu-ards) field has an in- 
teresting history because the disco!-er>- of 
comn~ercial gas production did not occur 
until 12 years after it was first tested early 
in 1955 I\-hen Gulf Oil Corporation drilled 
the S o .  1 Ada Torn to a depth of 10.528 
feet. A drill-stem test from the top of the 
Ed~t-ards at 10:370 feet to the bottom of 
the hole showed a lo~t-  rvorking pressure 
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01-er 3.000 feet of water cushion. and a 
recovery of 7,000 feet of black sulfur ~t-ater 
with a strong hj-drogen sulfide gas odor. 
Folloving the report  of this discouraging 
test. no more deep ezl~loration occurred 
until  1952. I n  March  of that year  H. R. 
Smi th  drilled the 90. 1 H. A. Schumann to 
10,666 feet, topping the Edwards at  10.533 
feet. Abandonment followed unsat i~factory 
drill-stem tests. T h e  area afterit-arc1 re- 
ceived consideration for additional deep 
exploration by several operators. but the 
risk seemed too great to merit another 1~7ell 
a t  the time. 

Lone Star Producing Cornpan!-. follo~v- 
i11g their successful discovery of oil and 
gas i n  the Pleasanton field of Atascosa 
County. engaged in an active search for 
additional reserves from the Edit-arcls for- 
mation.  Knebel (1956. p. 117)  said:  

Other operators who have made success- 
iul  completions i n  the field to date are Gulf 
Oil Corporation, Christi, Mitchell and Mit- 
chell, and George Coates. There are 11o1v 
1 5  producing wells with drilling ol~crations 
still in progress, and the limits of the field 
not definitely defined. Extensiorl of pro- 
duction both northeastward and to the 
south~rest  on other fault blocks is hiphly 
probable. Wildcat ~t-ells are drilling in 1~0th 
directions. 

Lone Star Producing Cornpan!- and Gulf 
Oil Corporation have completed treating 
plants Ivhich will sweeten the gas and may 
rec0.i-er sulfur as a by-product. Reserves 
of gas in the Edwards are estimated at sev- 
eral  trillion cubic feet and will keep the 
plants in operation for many years in the 
future. The treated gas now is enterinp the 
Vnited Gas Company pipeline syslem. 

I n  the course of this ~ r o r k  it was noted that WEBB COUNTY 
closure Tias present in the Fashing area on a 
known fault zone having a th ro~v  of approxi- 

Recent exploration has extended the 
300 feet a t  ,he 3.;00-foot, or  Carrizo- search for Edwards oil and gas south~vest- 

Wilcoz l e ~ e l .  such closure at  this depth being ward to the Ria Grande in Webb County. 
proven by Carrizo oi l  production. T h e  absence 
of against the Rdl\-ards trace The surface feature des i~ l la ted  
of this fault was conq,icuous and  inconsistent Pescadito dome now proves to he a true 
xritll other similar situations in the  county. As salt dome as evidellced hv the I,resence of 
vou knov.  in general when an accumulation of 
bil aIldior gas is found in  one bed on  up- rock salt in Ginther. D-arren: and Ginther 
thro\+-n side of an url-to-tile-coast faul t  in this et al. KO. 1 0. %;. Killam. Originally in- 
area. and if that failit is the dominant sealing 
factol.. drilling usual1~- ~evea l s  additional pro- 
ducing zones on the same fault block. This con- 
cept is certainly not new. hut it led to the Fash- 
ing (Ed\rards) discover!- and will 1-ery l~i.ob- 
ably be  responsible for locating many similar 
fields in lhe future. 

F o l l o ~ ~ i n g  the subsu~face  study of the 
area. a lease block .i\ as assembled by  Lone 
S ta r  and surveyed J\ ith the se i smog~aph  to 
insure the location of a favorable drilling 
site. This  proved to be the L. J. Urbanczpk 
No. 1 -A at the high poilit of closuie against 
the  Edxards  fault trace. The -\tell. alter 
thorough coring and open-hole testing. was 
completed Januarv 9. 1957. through per- 
ioiat ions at 10,790 to 10.816 and  10.824 
t o  10.850 feet fo r  a potential of 36.000 M 
cubic feet of gas and  181h barrels of dis- 
tillate pel millioll feet of gas. T h e  top of 
the  E d v  ards is a t  10.216 (-9.807 ) feet. and 
the bottom of the hole is in the Glen Rose 
folmation. 

tended to be a n  Ed~vards test. this loell 
went from Upper Cretaceous: Ta!-lor. into 
anhpdrite a t  144,350 feet and entered salt 
a t  15.070 feet. T h e  operators drilled salt 
to 15,107 feet and  abandoned the hole 
August 19, 1957. Ginther, Warren. and 
Ginther, Gulf Oil Corporation, and 11. T. 
Halbout!- have drilled a second Edwards 
test as the No. 1--4 Killam a t  a location 
8,000 feet north\$-est of Killam KO. 1. I t  
reached a total depth of 19,503 feet but did 
not penetrate the Edwards. Procluctio~l in 
the area from Wilcox sands has  been found 
by  Ginther, Warren,  and Ginther. thus es- 
tablishing the Pescadito field. 

Sorthrvest of Pescadito a distance of ap- 
proximately 22 miles. Amerada Petroleun~ 
Corporation drilled the Rosa Belial-ides in 
1949  to a depth of 11.679 feet, I$-hich was 
short of the Edwards. Hamman Oil and 
Refinins Company re-entered this ~vell in 
March 1958 deepening it to 13.856 feet 
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where it was abandoned in August. I11 the potential test of 2.700 A3 cubic feet of gas 
writer's opinion this well still had not a day. Galan (Edwards) has been pro- 
reached typical Edwards. posed as the field name for this new dis- 

West-northwest of the Rosa Benavides, covery. It indicates a probable extension 
another 20 miles, the Copano Oil Company of the Stuart City reef trend toward the 
et al. have drilled the Desiderio T r e ~ i n o  southwest and opens a large area for ad- 
Yo. 1 to 9,110 feet. Edwards reefing was ditional prospecting. 
encountered at 8,815 feet. The well has a 



EDWARDS PRODUCTIOS IX EAST TEXAS 

Exploration for Edwards production in 
east Texas has resulted in several discov- 
eries in Fredericksburg limesiones. Ed- 
~varcls as known in south Texas does not 
occur in the east Texas basin: and the pro- 
ducing zones there are facies of the Good- 
land and Walnut-Paluxy formations. In  
the upper part of the Gulf Coast region on 
the flank of the Sabine uplift. hov-ever. oc- 
currences of reef limestone in the Freder- 
icksburg correlate raiher clearly wit11 the 
Edwards of south Texas. No Edwards fields 
of rnajor importance are present anywhere 
in east Texas. but ihev are included in 
this paper to make the record as nearly 
complete as possible. 

The oldest production of oil frorn rocks 
of Fledericksburg age in Texas I\-as from 
the South Bosque field located 8 miles 
 south^^ est of Waco. This discovery occur- 
red about 1902 in the Goldstine-IIigel No. 
1 Griin well at approxiinately 500 feet. 
The producing zone consists of 1 to 3 feet 
of lenticular sand in the lower TTialnut- 
Paluxy. or basal Fredericksburg. The field 
cos-e~s an area of approximately 2.000 
acres and had a maximum of GO wells in 
1933. The nuniber of producing nells de- 
clined to two in 1949. and the cumulative 
production to April 1950 anlounted to 
131.674 barrels (Price, 1951). In 1953 a 
water flood was started, and some addi- 
tional oil has been recovered. The produc- 
tion in 1957 was 5.285 barrels, but definite 
figures on the cumulative are not avail- 
able.?O 

LOXGTT-OOD FIELD 

The Longwood field lies astride the 
Louisiana-Texas boundary, but most of the 
Washita-Frederickshurg (Edwards) pro- 
duction is on the Texas side in Harrison 
County. The discos-er)- resulted from sub- 
-- 

ID South Basque field i n  a slrict sense i s  n o t  geographically 
within enst Texas, but its  production is  more closely rclalcd to 
Ilia1 pro3ineo Lhan to  production from souih.centrn1 Tcsas 
Eclds. 

'O John Mullignn, Geologist ,  3lagnolia Petroleum Company, 
Tyler,  pcrsonal comrnunicntion, 1958. 

surface and seismic mapping. Triangle 
Drilling Company opened the Edwards 
production with the So. 1 F. 11. Hearne et 
al. in August 1933 at approximately 2.400 
feet. Trapping of the oil is due to uncon- 
forinable relationships between the Fred- 
ericltshurg and Washita beds (Buchanan. 
1931. 1). 207).  The Texas Railroad Corn- 
tnission listed 180 wells in 1957. producing 
a total for the year of 338.486 barrels of 
oil. The cumulative production to January 
1. 1938. is 625.431 barrels. 

WEST SHCLBYVILLE FIELD 

Sl~olvs of oil in old shallow wells 6 miles 
soutli~vest of Center in Shelby County, on 
the south flank of the Sabine uplilt; led to 
the discovery of oil in a Fredericksburg 
linlestone in 1936. The Shelby County Oil 
Company drilled the 90.  1 W. C. Windhatii 
into the Fredericksburg and coinpleted the 
well as a small producer a t  3,126 to 3,144 
feet in localized liniestone porositj- (Cash! 
19-31 j . The oil is 36.4' gravity and has an 
interlnediate paraffin base. Three wells 
T<-ere completed in this zone but only one 
is now producing. Peak production oc- 
curred in 194.0 arid declined to 298 barrels 
in 1937. The cumulative production to 
January 1: 1958, amounted to 17,356 bar- 
rels. 

GLCYD ~ L E  FIELD 
Glendale field, in west-central Trinity 

County. is a RIagrlolia Petroleum Com- 
pany prospect drilled in 1941-19-12 for 
Wilcov production. In 1945 Magnolia 
drilled the Bolton KO. 2 to test the Ed- 
wards. This well lvas completed in August 
of 1945 at 10.500 to 10.540 feet for 35.000 
bI cubic feet of sour gas daily on open flow. 
Since there is no market for this gas the 
well is shut in. %era1 other \<-ells have 
been completed for oil in Woodbine sands. 

MADISONVILLE FIELD 
The Madisonville field, located on the 

3Iadison-Grimes County line, is an original 
Wilcos subsurface and seismic prospect on 
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which hlagnolia Petroleum Conlpany ac- 
quired a lease block in the early 19 10's. 
West Ploduction Conlpany also obtained 
leases in the area and drilled an  Edwards 
test, in 11-hich the RIagnolia has a llali in- 
terest. on the Boring lease. This well. West 
Production Company iio. 1 Boring. was 
completed October 7. 1947. a t  9.236 to 
9,271 feet in the Georgetown and Edwards 
for 2.000 M cubic feet of gas and 39 bar- 
rels of distillate per day. In April 1958, 
production amounted to ?007000 cubic feet 
of gas and 200 barrels of distillate. Cunlu- 
lative production to January 1. 1956. was 
1.325 RI cubic feet of gas and 40.000 bar- 
rels of distillate. This is the only Edwards 
well in the field. 

A gral-ity anomaly and geological in- 
formation just east of Eremond in Robert- 
son County led Magnolia Petroleunl Corn- 

pan)- to make a seismic survey of the area 
in 19~1.3.'~ Core drilling which followed 
indicated additional favorable geology, 
and a lease block was assembled. In 19439 
Magnolia drilled the Xo. 1 Kopercgak to 
test the Edwards; the well was dry. 

K. L. hlcKenry took a farm-out on the 
acreage in 1953 and drilled two Edwards 
tests on an up-to-the-east fault. Both wells 
had sho~vs of oil in the Edwards, but they 
were abandoned. B. I3. Qrr later took over 
the operation and in June 1957 drilled the 
No. 1 George Abraham between the two 
McKenry dry holes. This well discovered 
gas in the Edwards: and with perforations 
a t  4,726 to 4$,730 feet it had an  initial pro- 
duction of 5,300 &I cubic feet per clap with 
5.5 barrels of distillate per million. A sec- 
ond well drilled by Orr was dry. The field 
is shut in for lack of a market. 

John hlulligsn, Geologist, Afngnolia Pelroleun~ Company, 
Tpler, Texas, personal corumunicolion, July 1958. 



The evidence furnished by this histori- 
cal outline leaves no doubt but that the Ed- 
I\-ards formation has proved to 11e one of 
the most prolific producers of oil and gas 
in south Texas. Luling field with iis cumu- 
lative production of not less than 110.000,- 
000 barrels of oil. Darst Creek with 92.- 
000.000 barrels. and Salt Flat recording 
lilore than 35,000.000 barrels, attest to this 
statenlent and the end is not yet. because it 
is esiilnated that ultimate recoveries from 

these fields will add an average of at least 
10  percent to the 1958 cumulative figures. 
The later discoveries of gas in south Texas 
are just getting into production. but the 
resen es are substantial, and the Edwards 
definitely will furnish fuel to the gas trans- 
~nission lines for inany years in the future. 
Moreover, exploration has not exhausted 
the Edwards possibilities, and new fields 
probably of large potential likely will be 
disco1 ered. 
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PLATE 4 
~, 
0 

A. Locality 154-T-1, west end of Santa F e  Railroad cut near Valley Mills, Bosque County. Rudistid biohermal reef and onlapping inter-reef deposits. The biollerm 30 
is 11 feet thick. See Plate 3 for cross section of lithofacies and Plates 16, 17, and 18 for photographs of lithology. 2 

h' 
B. Locality 154-T-2, 1 mile north of Crawford on State Highrray 317, McLennan County. Rudistid biostromal reef overlain by granular limestones and fine shell 

debris of inter-reef facies. See Plates 12, 13, and 14 for photographs of lithology. 0 
0 

C. Locality 154-T-15, east bank of Hog Creek, McLennan County. Massive reef flank beds; the reef core is located to the left of the photograph. 
02 

D. Locality 154-T-12, old crossing of Bluff Creek, 3 milcs west of Crawford. Massive reef flank deposit orerlain by granular limestones and fine shell debris of inter- 
reef facies. Reef flank deposit shows incipient bedding. 2 - 

'3 
E-G. Locality 154-T-16, Childress Creek, 4 miles north of China Springs, McLcnnan County. Upper surface of reef core. Dolomite (dark ~ a t c h e s )  fills the body 

chambers arid has replaced the shell wall of some fossils. For pllotograpl~s of lithology, see Plates 19 and 30. Dolomite also fills small cracks and pores in the 
matris. All of these occurrences appear to 1)e the result of void filling rather tlian direct recrystallization. 2. 

0 

H. Locality 154-T-11, Bluff Creek, 2.5 miles northwest of Crawford, McLennan County. Massive reef flank deposit overlain by granular limcstorles and fine sl~ell  5. 
del~ris  of inter-reef facles. For photographs of lithology, see Plates 12, 14, and 15. G 





PLATE 5 

LOCALITY 154-T-14 AND 14A 

A. Biohermal reef. Reef flank consists of tongues of reef core and beds of shell debris. Beds dip as much as 30". F 
0 

B. Massive reef flank deposit overlain by well-bedded granular limestones and fine shell debris of inter-reef facies. The reef flank shows incipient bedding and 3 
contains some thin lenses of detrital limestone. At this point, approximately 13 feet of the reef is exposed and the relief on its upper surface is 3 feet. When a9 
seen from a greater distance, it becomes apparent that the inter-reef facies is cross-bedded on a very large scale and each bed is successively a topset, foreset, and 
bottomset bed as it is traced to the north (to the right in the photograph). 9 

C. Close-up view of reef core in the river bed. 
2- 
e 

D. Upper surface of the Edwards limestone. This pitted and oxidized surface is very characteristic of the top of the formation throughout the area. See Plates 13, 2: 14, and 15 for photographs of the lithology. c 





PLATE 6 

A. Locality 50-T-4, Bluff Creek, north of Osage, Coryell County. Depressions in inter-reef limestones. Most of the chert which formerly occupied the depressions has 
been removed by stream erosion. 

B. Locality 50-T-8, roadcut on U. S. Highway 84, approximately 6 miles east of Gatesville, Coryell County. Well-bedded cherty limestones of inter-reef facies. The 
massive bed a t  the base of the outcrop consists of coarse granular limestone and fine shell debris; it is laterally equivalent to the reef flank deposits shown on 
Plate 7, C. 

C, D. Locality 50-T-6, abandoned quarry on U. S. Highway 84,3.3 miles east of Gatesville, Coryell County. See Plate 3 for cross section of lithofacies and Plate 27 
for photograph of lithology. 

C. Reef core. Most of the fossils in the upper part of the quarry are preserved as molds. 

D. Contact between the reef core and the reef flank sediments. The flank beds are composed of shell debris. Large fossils, whole or broken (but  unahraded), 
are fairly common. These deposits grade laterally into the reef core ( to the right as  well as to the left) and they dip away from the core with an inclination 
of 30". 





PLATE 7 

A. Locality 50-T-7, south wall; roadcut on U. S. Highway 84, 4.5 miles east of Gatesville in Coryell County. The massive reef core is flanked by very coarse reef 
debris and is overlain by very fine-grained cherty limestone (calcilntite). 

B. Locality 50-T-7, north wall. Massive reef flank deposit is overlain by very fine-grained cherty limestone of inter-reef facies. The reef flank deposit, though mass- 
ive, shows incipient bedding upon weathering. For photographs of lithology at this locality see Plates 19-22; lithofacies are shown on Plate 3. 

C. Locality 50-T-8, roadcut on U. S. Highway 84, approximately 6 miles east of Gatesville, Coryell County. Reef flank deposits consist of very coarse shell debris. 
These deposits are overlain to the west (left side of photograph) by very fine-grained cherty limestone (calcilutite). See Plates 20 and 22 for photographs of 
lithology and Plate 3 for description of lithofacies. 





PLATE 8 

LOCALITY 50-T-7 

A. Reef core in  south wall. See Plates 19 and 21 for photographs of lithology. 

B. Interbedded chert and very fine-grained limestone (calcilutiie) of inter-reef facies. See Plates 20 and 22 for photographs of lithology. 

C. Chert nodules in  north wall. Fine laminations in the limestones are bent around the chert nodules and indicate that the chert was in the position it now oc- 
cupies prior to lithification. 

D. Microfaults in  the inter-reef facies, north wall. The displacement rarely exceeds one-fourth of an inch; no faults cross a bedding plane. These microfaults are 
believed to have originated as a result of compaction prior to complete lithification. 





PLATE 9 

LOCALITY 14-T-1 3 
A. Interbedded dolomite (dark) and granular limestone (light), extreme east end of quarry. This dolomite is believed to be a primary deposit. & 

W 
B. Bore hole zone in unit 1 near west end of quarry. This is laterally equivalent to the beds shown in photograph A. Dolomite is dark colored and fills the bore Y 

holes; the limestone is dolomitic. 2 
m 

C, D. Close-up views of interbedded dolomite (dark) and limestone shown in photograph A. Bore holes occur in each type of rock and are filled with the overlying 
rock. However, dolomite-filled bore holes in limestone are more common than limestone-filled bore holes in dolomite. See Plate 24 for photograph of lithology. 
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PLATE 10 

LOCALITY 14-T-1 

A. Center of quarry showing lithologic units. Note the cross-bedding in unit 5. See Plates 22-26 for photographs of lithology. 

B. Rudistid horizon, unit 2. 

C. Cross-laminated limestone of unit 4. 

D. Silicified granular limestone and fine shell debris of unit 5. 





PLATE 11 

A, B. Locality 14-T-8, roadcut on Belton-Youngsport road approximately 3 miles west of Belton, Bell County. See Plate 3 for cross section of lithofacies and z. Plates 27-29 for photographs of lithology. 

A. Center of outcrops showing dolomitized reef core and post-lithification crystalline calcitic dolomite. Calcite was deposited in intercrystalline voids rn 

of post-lithification dolomite to form this rock. 8. 
W 

B. Close-up view of post-lithification crystalline calcitic dolomite showing the characterstic mottling, color banding, and sharp but very irregular contact 3 
with the surrounding dolomite. Y 

3 
C, D. Flank beds of rudistid reef in Horse Creek east of Mother Neff State Park, Coryell County. The reef core is located between the flank beds shown in (b 

these pictures and is approximately 300 feet wide. The core is massive. The  flank beds have a maximum dip of 25" and are composed of coarse shell 
fragments and whole fossils. They grade laterally into well-bedded fine-grained limestones (calcilutites and calcarenites). The height of the outcrop is s. 
approximately 15 feet. rn Y 

2. e 





PLATE 12 

REEF DEPOSITS 

(All photographs are x l )  
A-D. Very coarse shell debris; whole shells and large fragments of rudistids. There is no  evidence of sorting or rounding of the fragments. The matrix is composed 

of extremely fine-grained (<0.006 mm) calcium carbonate. Dark shaded areas in photographs A, B, and D are dolomitic. Shells of Eoradiolites and Caprinzc- 
loidea a re  composed of an inner layer of clear coarse crystalline calcite and an outer layer of tan "original" shell material. In the outer wall of Eoradiolites, 
the intersection of the funnel plates and vertical radial plates form rhombic or rectangular areas that are filled with clear crystalline calcite as well as matrix 
material (original lime-mud). The vertical radial plates in Caprinuloidea form vertical canals that are usually filled with matrix material. The body chambers 
of Eoradiolites are filled with both matrix material and coarse crystalline calcite. All of these samples a re  considered to be essentially in situ reef deposits. 

A, B. Locality 154-T-2. 

C. Locality 154-T-9. 

D. Locality 154-T-11. 

Eoradiolites (EO)  
Caprinuloidea (CA) 
Cladophyllia (CL) 





PLATE 13 

(All photographs are x l )  
A. Reef flank deposit; fine shell debris. Most particles appear to be fragments of Chondrodonta; in general, they are oriented parallel to the bedding. Excellent 

inter-particle porosity. Interstice. are partially filled with brown aphanitic calcium carbonate which appears to have been precipitated on the walls of the voids 
after which it grew inward to fill the remainder of the voids. Rhombohedral-shaped molds (dolomite?) are abundant in the brown calcium carbonate. Some 
are filled with an anisotropic mineral (calcite or dolomite) which may be either the original crystalline mineral or a secondary filling of the mold (PI. 15, F) .  
Dictyoconus walnutensis is abundant in this limestone. Locality 154-T-14a. 

B. Reef core. Large fossils are Chondrodonta. Matrix is very fine-grained limestone (originally a lime-mud). Voids are partially filled in the same manner as those 
described in discussion of photograph A. Stylolites are common along the edges of the fossils. Locality 154-T-14a. 

C. Inter-reef deposit; fine shell debris. Particles are poorly sorted but well rounded. They are composed of "original" shell material and recrystallized shell frag- 
ments surrounded by a rim of chalk ("dust" r im) .  The cement is clear crystalline calcite. Plate 14, F, is a photomicrograph of a texture somewhat finer grained 
but similar to this specimen. This rock has been honeycombed to a considerable extent by weathering. The voids are now partially filled with earthy calcium 
carbonate and tan crystalline calcite, both of which have the form of microstalagtites. Locality 154-T-6. 

D. Inter-reef deposit; fine-grained limestone (calcilutite) . Particles are very well sorted, angular, and composed of "original" shell fragments, recrystallized shell 
fragments, and opaque grains. Cement is crystalline calcite. Locality 154-T-2. Plate 14, C, is a photomicrograph of limestone similar to this specimen. 
Chondrodonta (CH)  





PLATE 14 

(All photographs are  x15) 
A. Biostromal reef deposit; coarse shell debris. Shell fragments a re  recrystallized calcite. Dark very fine-grained matrix has a detrital texture on polished rock 

surface (Pl. 12, A, B )  and  in the outcrop. This type of matrix is very characteristic of reef core and reef flank deposits. Locality 154-T-2. 

B. Biohermal reef flank deposit; coarse shell debris. More fragmental than that in photograph A. Both "original" shell material (light gray and striated) and 
recrystallized shell material (clear mosaic) are  present. Note the extreme angularity and poor sorting of the fragments. These features and the dark matrix 
are  characteristic of the reef flank. See Plate  12, C, for photograph of hand specimen. Locality 154-T-9. 

C. Inter-reef deposit; fine-grained limestone (calcilutite). Very well-sorted, generally angular "original" shell fragments, recrystallized shell fragments, and 
opaque grains make u p  the detrital particles. The cement is a mosaic of clear crystalline calcite. Locality 154-T-6. 

D. Inter-reef deposit; granular limestone (calcatenite). Consists of poorly sorted rounded "original" shell fragments (g ray) ,  recrystallized shell fragments (clear 
mosaic), and opaque grains. The  cement is clear crystalline calcite. In  a hand specimen it appears to be as well sorted as photograph C.  Locality 154-T-6. 

E, F. Inter-reef deposits; very coarse-grained limestones (calcarenites). Well-rounded particles. In  photograph E, particles a re  predominantly "original" shell 
fragments; in F, they are  predominantly recrystallized shell fragments. The cement is clear crystalline calcite. Note the difference in texture between these. 
specimens and the reef flank deposit shown in  photograph R.  All have approximately the same grain size in thin sections. The fragments shown in photographs 
E anti F are well rounded, whereas those in photograph B are very angular. I n  addition, the recrystallized shell fragments have "dust" rims, whereas tllose 
in photograph B have none. The "dust" rims consist of microgranular calcite (chalk) .  The  dark very fine detrital matrix of the reef flank contrasts sharply 
with the clear crystalline cement of the inter-reef deposits. 

E. Locality 154-T-11. 

F. Locality 154-T-14. 





PLATE 15 

A. Post-lithification alteration deposit; crystalline limestone. Small patch of recrystallized limestone at locality 154-T-6. Testure of this unit is shown on Plate 
14, C. ( ~ 1 5 )  

B. Partially recrystallized shell. Mosaic of recrystallized r)alcite is superimposed upon the original structure of the shell. Locality 154-T-6. ( ~ 1 5 )  

C. Partially silicified sllell fragment. Silicification almost invariably begins in the shell fragments rather than in tlie matrix. Locality 154-T-9. (x15) 

I). Inter-reef deposit; fine-grained limestone (calcilutite). Enlarged view of Plate 14, C. Locality 154-T-6. (s60) 

E. Development of dolomite along a stylolite. This is believed to be a post-lithification dolomite. Locality 154-T-11. (s60) 

F. Development of post-depositional dolomite in the matrix of the reef core a t  locality 154-T-14a. This occurs at  the top of the Edwards. Each large rhombohedron 
is surrounded by a rim of iron oxide. Normally rhombol~edrons are preserved as molds; here they are filled with either dolomite or calcite. Dolomite also replaces 
the inner shell wall of many rudistids. ( ~ 6 0 )  





PLATE 16 

(All photographs are s l )  

A. Reef core. Cladophyllia is abundant. The matris is a detritus of microgranular particles and tiny shell fragments. Locality 154-T-1, sample B (PI. 3 ) .  

B. Reef flank deposit; coarse shell debris. Composed of wltole shells and large fragments embedded in a matris of very fine-grained limestone. Note that three 
specimens of Eoradiolites are intergrown, which suggests that they occur in their original growth position. The body chambers of the fossils are filled with 
coarse crystalline calcite as well as very fine-grained limestone. Locality 151-T-1, sample JJ (PI. 3 ) .  

C. Top of reef; case-hardened shell debris. White patches at  the top of the specimen are bore holes filled with the overlying inter-reef limestone. Laminations in 
the overlying limestone are depressed down into the bore holes. The dark coloration at  the top of the specimen is due to osidation of the limestone. The long 
bore hole near the center of the photograph and other bore holes on the right side of the specimen have clusters of tan dolomite rhombol~edrons a t  the bot- 
tom of the holes. Coarse crystalline calcite partially surrounds the dolomite a n d  fills the remainder of the bore holes. Locality 154-T-1, sample F (PI. 3 ) .  

D. Rudistid hiostrome; coarse sllell debris. T h e  biostrome is lithologically similar to the flank deposits in the bioherms. Locality 154-T-1, sample DD (1'1. 3 ) .  

Cludophyllia (CL)  
Eorudiolites (EO)  
Coarse crystalline calcite (CC) 
Dolomite (1)) 
Bore hole (B) 





PLATE 17 

INTER-REEF DEPOSITS 

(All photographs are s l )  
A, C. Extremely fine-grained limestones (calcilutites). Except for some tiny shell fragments and microfossils, individual particles are indiscernible. 

A. Locality 154-T-1, lithologic unit 4, sample L (PI. 3 ) .  

C. Locality 154-T-1, lithologic unit 6, sample R (PI. 3 ) .  

B. Intraformational breccia. Fragments are similar to the limestone shown in photograph C. Matrix is extremely fine-grained argillaceous calcium carbonate. 
The fine hairlike cracks in the large fragment suggest fragmentation prior to complete lithification. Locality 154-T-1, lithologic unit 5, sample N (PI. 3 ) .  

D. Miliolid limestone. The particles are composed almost exclusively of miliolids; the cement is clear crystalline calcite. Locality 154-T-1, lithologic unit 7, samp!e 
Q (PI. 3 ) .  





PLATE 18 

(A11 photographs are x15) 

A. Recrysfallized shell (Eoradiolites) in dark very fine-grained matrix of reef core. Locality 154-T-1, sample B (PI. 3 ) .  

B. Alteration of reef core to chalk. Locality 154-T-1, sample C (PI. 3 ) .  

C. Alteration of reef flank deposit to chalk followed by reprecipitation of calcium carbonate in voids to form very irregular patches of crystalline calcite. Note 
the fuzzy outline of the particles. This is characteristic of chalkification followed by reprecipitation of calcite. Locality 154-T-1, sample A (Pl. 3).  

D. Rudistid hiostrome; coarse poorly sorted shell debris. Both "original" (gray) and recrystallized (white) shell material are present, Matrix is composed of 
very fine-grained limestone. Lithology of this sample is similar to that shown on Plate 16, D. Locality 154-T-1, sample AA (Pl. 3 ) .  

E. Inter-reef deposit; very fine-grained well-sorted slightly argillaceous limestone (calcilutite). Dark laminations are composed of clay. Small shells and shell 
fragments are oriented parallel to the bedding. Hand specimen shown on Plate 17, A. Locality 154-T-1, lithotogic unit 4., sample L (PI. 3) .  

F. Inter-reef deposit; miliolid limestone. The miliolids have been altered to microgranular calcite (chalk). A few recrystallized shell fragmell(~86r are present. 
The cement is composed of clear crystalline calcite. Calcite coats the walls and forms a mosaic of anhedral crystals in the center of the interstices. This fea- 
ture indicates two stages of precipitation of calcite. Hand specimen shown on Plate 17, D. Locality 154-T-1, lithologic unit 7, sample Q (PI. 3 ) .  





PLATE 19 

A. Reef core. The matrix is a detritus of silt- and sand-sized particles of calcium carbonate and tiny shell fragments. The cement is clear coarse crystalline 
calcite. Dolomite fills the body chamllers (upper right corner is the body chamber of Caprinuloidea), the inner shell wall of some fossils, and some interstices 
between the fossils. The  lower part (dark strip) of the inner shell wal! of t h e  rudistid in the lower left corner is filled with coarse crystalline calcite that 
surrounds some of the dolomite, thereby indicating precipitation of the calcite contemporaneous with or after the dolomite. Attachment of several rudistids to 
each other indicates that they occur in their original growth position. Much of the matrix contains fine irregular hairlike cracks that suggest fracturing prior 
to complex lithification. Locality 154-T-16. (x2) 

B. Reef core. Dolomite ( D )  fills the last body chamber of Eoradiolites and extends down the inner shell wall to the dolomite which has replaced the shell 
belolv. Note the graded bedding of the original lime-mud in one chamber of Eoradiolites; this indicates growth in a vertical position. Locality 154-T-16. (x2) 

C. Reef core. The matrix consists of microgranular calcite. Photomicrograph of lithology similar to this is shown on Plate 21, A. Locality 50-T-7, sample C 
(PI. 3 ) .  ( X I )  

D. Inter-reef deposit; poorly sorted coarse shell debris. The matrix is fine shell debris and carbonate sand. Locality 50-T-7, sample G (PI. 3 ) .  (XI) 

Chondrodonta (CH) 
Cladophyllia (CL)  
Eoradiolites (EO) 
Dolomite ( D )  
Coarse crystalline calcite (CC) 





PLATE 20 

(All photographs are xl) 
A. Inter-reef deposit; poorly sorted fine shell debris. Weathered surface. Individual fragments are slightly rounded. Photomicrograph is shown on Plate 21, E. 

Locality 50-T-7, sample HH (PI. 3 ) .  

B. Inter-reef deposit; microgranular limestone (calcilutite). Mottled appearance is the result of weathering along bedding planes. Photomicrographs are shown 
on Plate 22, A, B. Locality 50-T-7, sample W (PI. 3 ) .  

C. Reef flank deposit; poorly sorted coarse shell debris. Individual fragments a re  angular. Large, apparently whole, fossils are abundant. The matrix is composed 
of a poorly sorted detritus of lime-silt, lime-sand, and fine shell debris. Locality 50-T-8, sample D (Pl. 3 ) .  

D. Reef flank deposit; poorly sorted coarse shell debris.' Very fine detritus is less abundant than normal. However, coarse crystalline calcite is considerably more 
abundant. Locality 50-T-8, sample R (PI. 3 ) .  

Caprinuloidea ( CA ) 
Eoradiolites (KO) 





PLATE 21 
0 

--+. 
(All photographs are x15) 

A. Contact of Eoradiolites and surrounding dark microgranular matrix in the reef row. Voids between the funnel plates and vertical radial plates of tlie outer 2 
shell wall may be filled with original lime-mud, crystalline calcite, or both. Shell fragments are recrystallized. Locality 50-T-7, sample A (Pl. 3 ) .  J 

0 
B. Chalkification of poorly sorted coarse shell debris. Fragments are composed for the most part of slightly rounded "original" shell material. The matrix is z. 

composed of fine shell debris, lime-silt, and lime-sand. Chalkification lias reduced much of the detritus to mic~.ogranular crystalline calcite and has reprecipi- 
tated some of it as  clear crystallirie calcite which ramifies the ~ n t i r e  sample. As a restilt, the boundaries between the original detritus and the reconstituted 9 
calcite are very indistinct. Locality 50-T-7, sample P (PI. 3 ) .  0, 

j; C. Pellets in the intcr-reef deposits. Pelletal textures are rare in the Edwards limestone in this area. Small patches of pseudo-pellets are often formed by break- 
up of the lithified mud fillings in the vertical canals of the outer shell wall of Caprinuloidea. Locality 50-T-7, sample H (PI. 3 ) .  w 

2 
& 

D. "Original" shell fragment slro~ving bore holes. The dark color of the matrix of this and succeeding sprrimens on this plate is partially due to extensibe chalkifi- rg 

cation. Locality 50-T-7, sample JJ (PI. 3 ) .  

E. Inter-reef deposit; poorly sorted fine shell debris. Both "original" and recrystallized shell fragments are present. Most fragments are rounded. Locality 50-T-7, 
? 

sample HH ( Pl. 3 ) .  2 
Y.  

F. Inter-reef deposit; poorly sorted fine shell debris similar to that shown in  photograph E. Dictyoconus zvaln~~terzsis occnrs most freqnently in the reef flank and u" 
coarse inter-reef deposits. I t  is rare or absent in tlie reef core. The matrix is being cor~verted to crystalline calcite by chalkification and reprecipitation of tlie 
calcite. Locality 50-T-7, sample LL (PI. 3 ) .  
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PLATE 22 

A. Inter-reef deposit; niicrogranular limestone (calcilutite). Clastic particles are all recrystallized; some appear to be calcite casts of sponge spicules. The matrix 
is microgranular calcite. The extent to which chalkification may have reduced the original lime-mud to still finer calcite has not been determined. Locality 
50-T-7, sample W (PI. 3 ) .  (x15) 

B. Enlarged view of photograph A. ( ~ 6 0 )  

C. Recrystallization of Eorndiolites. Recrystallization has encroached upon the sllell from the body chamber which is filled with clear coarse cystalline calcite. 
Part of the original shell ~vall  is still apparent in the coarse calcite. Locality 50-T-7, sample A (PI. 3 ) .  (115, crossed nicols) 

I>. Inter-reef deposit; fine shell debris. Shell fragments are poorly sorted, very angular, and largely recrystallized. The matrix is a detritus of fine silt and sand 
.ivhich has been chalkified to a considera1,le extent. Locality 50-T-8, sample C (PI. 3 ) .  ( ~ 1 5 )  

E. Reef flank deposit; coarse shell debris. Similar to the limestone s l i o ~ ~ n  in D, but coarse fragments and ~\.Iiole shells are more abundant. Reprecipi- 
tated calcite is evident at  the top of the pl~otograph. Locality 50-T-8, sample D (PI. 3 ) .  ( ~ 1 5 )  

F. Dolomitic primary chert. Dark crystals are dolomite; many of them are slightly rounded. Sp.onge spicules oriented parallel with the lamination of dolomite 
crystals are abundant but can be seen only in polarized light. The bending of laminations in the limestone around the c h e ~ t  nodules irldicates that the chert 
and hence the dolomite are of primary origin. Locality 14-T-1, sample RR (PI. 3 ) .  ( ~ 1 5 )  





PLATE 23 

LOCALITY 14-T-1 

(All photographs are X I )  

A. Inter-reef deposit; poorly sorted dolomitic (16 percent) fine shell debris. Individual particles are well-rounded recrystallized shell fragments having "dust" 
rims, "original" shell material (minor component), and microfossils (Dictyoconus walnz~tensis and miliolids). The cement is clear crystalline calcite and 
dolomite. Photomicrographs are shown on Plates 25, A, and 26, A, B. Lithologic unit 1, sample A (PI. 3 ) .  

B. Inter-reef deposit; poorly sorted dolomitic (50 percent) coarse shell debris. Large sl~ell  fragments are angular. Matrix consists primarily of dolomitic lime- 
sand. Photomicrographs are shown on Plate 26, E, F. Litllologic unit 2, sample U (Pl. 3 ) .  

C. Inter-reef deposit; well-sorted granular limestone (calcarenite). Individual particles a re  predominantly small well-rounded recrystallized shell fragments 
having "dust" rims. Elongated particles are oriented parallel to the cross-laminations. The cement is crystalline calcite. Plate 25, D, is a photomicrograph of 
this type of lithology. Lithologic unit 4, sample M (PI. 3 ) .  

D. Inter-reef deposit; poorly sorted coarse sl~ell  debris. Most fragments are ~ r ~ e l l  rounded and recrystallized. Matrix is lime-sand and fine shell debris. Lithologic 
tunit 5, sample AA (PI. 3) .  

Caprinuloidca (CAI 





PLATE 24 

LOCALITY 14-T-1 

(All photographs are x l )  
3 
z. 

A,' Inter-reef deposit; silicified fine shell debris. The original texture of the rock is preserved even though the centers of the particles and the matrix have been 
replaced by crystalline quartz. A photomicrograph of this lithology is shown on Plate 30, E. Lithologic unit 5, sample GG (PI. 3 ) .  2 

0 
6- B. Post-lithification alteration deposit; very fine crystalline limestone. These rocks are very dense and a re  typically mottled shades of brown. The original texture rn 

may be completely or only partially destroyed. In this photograph, the light-colored patches still exhibit the original texture. The original texture may still be Y 
apparent in thin sections of the dark portion of the rock. A photomicrograph of this type of lithology is shown on Plate 25, F. Lithologic unit 5, sample F (PI. 3 ) .  2 

C. Dolomitic and limy primary chert. Detrital particles in this chert nodule include dolomite crystals, lime-sand, unidentified shell fragments, and sponge spicules. K 
Laminations in the surrounding limestone bend around the nodules, thus indicating that the chert nodule was in place before lithification. Lithologic unit 4, 
sample HHH (PI. 3 ) .  ? d 

;;; 
D. Dolomite cut by bore holes. Dark areas are very fine crystalline dolomite. Laminated areas consist of laminations of very fine crystalline dolomite alternating 2. with slightly coarser crystalline dolomite. Bore holes are filled with relatively coarse crysta%line dolomite in which angular to well-rounded "original" shell +- fragments and recrystallized shell fragments are embedded. Shell fragments are partially altered to dolomite. Extreme east end of quarry. 
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PLATE 25 

LOCALITY 14-T-1 

(All photographs are  s15)  

A. Inter-reef deposit; dolomitic fine shell debris. Poorly sorted, rounded particles are composed of "original" shell fragments, recrystallized shell fragments, and 
opaque grains. The  cement consists of clear crystalline calcite in \chic11 dolomite crystals a re  irregularly distril~uted. This sample contains 16 percent dolomite. 
See Plate  26, A, B, for enlarged views. Lithologic unit 1, sample A (PI .  3 ) .  

B. Inter-reef deposit; coarse-grained limestone (calcarenite). Partirles ronsist of well-sorted and  tell-rounded "original" shell fragments, rerrystallized shell 
fragments, opaque grains, oolites, and microfossils. Recrystallized shell fragments predominate. The  rement is clear crystalline calcite. A trace of dolomite is 
present in this sample. For enlarged t iew see Plate  26, D. Lithologic unit 1, sample B (PI. 3 ) .  

C. Inter-reef deposit; slightly dolomitic granular limestone (calcarenite). Particles consist of \veil-sorted angular "original" shell fragments and opaque grains. 
They occur in equal abundance. The  cement is crystalline calcite. This sample contains 5 percent dolomite. Lithologic unit 3, sample E (PI. 3 ) .  

D. Inter-reef deposit; granular limestone (calcarenite). Composed predominantly of very well-sorted and well-rounded recrystallized shell fragments eml~edded 
in a crystalline calcite cement. Elongated grains a re  oriented parallel to the bedding. Many grains a re  represented by molds. Lithologic unit 4, sample L (PI. 3 ) .  

E. Inter-reef deposit; coarse-grained limestone (calcarenite). Similar to sample shown in photograph D except that it is more coarse grained. Lithologic unit 5, 
sample EE (PI. 3 ) .  

F. IJost-lithification alteration deposit. As seen in the field, this is a dense microcrystalline limestone that is mottled shades of brown. Much of the original texture 
is still apparent in a thin section and indicates that the original lithology was similar to that shown in photograph E. Both "original" shell fragments and 
recrystallized grains are  present; the former are  scarce, however. Many  rains have almost disappeared. The  large "original" shell fragment a l~ove  the center 
of the photograph is partially silicified. Plate  24, B, shows the hand speclmen of this type of lithology. Lithologic unit 5, sample 00 (PI. 3 ) .  





PLATE 26 

LOCALITY 14-T-1 

(All photographs are  x60) 

A. Encroachment of dolomite upon Dictyoconus walnutensis. Litl~ologic unit 1, sample A (PI. 3 ) .  

B, C. Encroachment of dolomite on recrystallized shell fragments. RIany fragments a rc  represented only by "ghosts" in the matrix. Lithologic unit 1, samples A 
and  R, respectirely (PI. 3 ) .  

D. Oolites in lithologic unit 1. The occurrence of the concentric laminations on the outside of the "dust" rims ~v11ich surround most detrital recrystallized grains 
s l~ows that recrystallization took place prior to cementation of the particles. Coatings of calcite crystals on the particles indicate that the interstices were filled 
during two stages of calcite precipitation. Lithologic unit 1, sample B (PI. 3 ) .  

E. Bore holes in an "original" s l~e l l  fragment. Borings like this are  abundant in some places and  indicate organic activity. Litl~ologic unit 2, sample U (PI. 3 ) .  

F. Cementation of dolomite. The  coarse crystalline calcite was precipitated in t h e  intercrystalline voids of the dolomite. Ltihologic unit 2, sample U (PI. 3 ) .  
sample U (PI. 3 ) .  





PLATE 27 

(All photographs are x1) 
A. Inter-reef deposit; poorly sorted fine shell debris. Shell fragments are angular and are usually recrystallized. Some "original" shell material is present. &la- 

trix is composed of a detritus of fine lime-silt. Photomicrograph is sholvn on Plate 28, A. Locality 14-T-8, sample N (PI. 3 ) .  

B. Post-lithification dolomite; microcrystalline dolomite with excellent intercrystalline porosity. Fossil fragments are preserved as molds. Photomicrograph of 
lithology similar to this is shown on Plate 28, D, E. Locality 14-T-8, sample L (PI. 3) .  

C. Post-lithification calcitic dolomite. Very fine crystalline texture. Extremely hard, dense, and mottled shades of yellow, pink, and brown. I t  was formed by 
precipitation of calcite in the intercrystalline voids of the dolomite. Photoniicrograph of lithology similar to this is sholvn on Plate 28, F. Locality 14-T-8, 
sample AA (PI. 3 ) .  

D. Reef core; Cladophyllia zone. Clear coarse crystalline calcite fills the interior of the corals and in many places has replaced the original shell material. The 
matrix consists of extremely fine-grained limestone. Locality 50-T-6. 





PLATE 28 

LOCALITY 14-T-8 

A. Inter-reef deposit; fine shell debris. Poorly sorted shell fragments a re  angular and  almost totally recrystallized. The  matrix is a detritus of fine lime-silt. No 
dolomite is present. Sample N (PI. 3 ) .  ( ~ 1 . 5 )  

B. Inter-reef deposit; dolomitic granular limestone. Consists of dolomite rliombohed~.ons eml~edded in well-sorted lime-sand and lime-silt. Seventeen percent dolo- 
mite. Sample T (PI. 3 ) .  ( s60)  

C. Intel-reef deposit; dolomitic granular limestone. 1)olomite has enc~oacl ied upon an "original" sltell fragment. Forty-five percent dolomite. Sample S (1'1. 3 ) .  
( ~ 6 0 )  

D. Post-lithification alteration deposit; very fine crystalline dolomite. Intercrystalline porosity is well developed. Crystals surrounding large pores tend L O  11e 
larger than others. This results in a mottled appearance. Ninety-eight percent dolomite. Sample A (PI. 3 ) .  ( s60)  

E. Post-lithification alteration deposit; very fine crystalline dolomite. Former shells and shell fragments are  represented by molds. Sample 1-1 (PI. 3 ) .  ( ~ 1 5 ) .  

F. Post-lithification alteration deposit; very fine crystalline calcitic dolomite. Intcrcrystalline areas are  filled with clear coarse crystalline calcite. In  the field 
this rock is very hard, dense, and mottled shades of pink, brown, gray, and  yellow. Sisty-four percent dolomite. Sample B (PI. 3) .  (s60)  





PLATE 29 

A-D. Uolomitization of the Comanche Peak formation, locality 14-T-8. 

A. Very fine-grained limestone (calcilutite). No dolomite is present. Sample V (PI .  3 ) .  ( s 6 0 )  

B. Sligl~tly dolomitic fine-grained limestone. 1':igliteen percent (lolomite. Sample D (PI. 3 ) .  (s60) 

C .  Calcitic dolomite. Fifty-seven percent dolomite. Tlie original clastic tcsture has been almost completely obliterated. Sample E (PI. 3 ) .  ( s60)  

D. Post-lithifiration deposit; fine crystalline dolomite. One liundred percent dolomite. Intercrystalline porosity is well developed. Sample I1' (PI. 3 ) .  (s60)  

E. Post-litliification alteration deposit. The  limestone is hard, bro~r.11, and very finely crystalline. I t  has a concretionary structure. The  interconcretionary voids are 
tlie result of nondeposition. Roadcut near Franli's Landing on  tlie south side of Beltori reservoir west of Belton, Bell County. 

F. Post-lithification alteration deposit. Tlie limestone is hard, dark hrown. and bery finely crystalline. I n  contrast to the limestone shown in pliotograpli 15, tlie 
vugi in this limestone are the result of solution. Locality 14-T-3. near Lase of measured section. 





MODES O F  SHELL PRI<SERVATION 

A. "Original" s11ell of Eorudiolites shorving prismatic structure of outer shell wall filled wit21 secondarily deposited clear cr)-stalline calcite. The dark .ivall 
material of this wall eshil3its fibrous and prismatic structures under high magnification. l ' l ~ c  inner shell wall is clear coarse crystalline calcite; it is helieved 
to be of diagenetic origin. Locality 50-T-7, sample J (PI. 3 ) .  (s1.3) 

B. Partially recrystallized shell. A mosaic of clear anliedral calcite crystals is superirnposcd upon "original" shell structure (dark).  Other fragments in various 
stages of rccrystallization are also present. For enlarged view see Plate 15, B.  Locality 154-T-6. (12.5) 

C. Partially replaced Cuprinuloideci. The original slicll was removed by solution and is now being replaced by secondarily deposited clear crystalline calcite. The 
lithified lime-mud filling of one chaml~er has fallen out f o l l o ~ ~ i n g  solution of the sl~ell  wall. Replacement takes place l ~ y  deposition of a thin layer of crystals 
on the w l l s  of the cavities and bridging of the remaining space by crystal growth. Lorality 50-1'-6. (x1.6) 

D. Chert casts of dolomite molds of fossils. The original rock was rudistid limestone. It was converted to dolomite 1)y post-litl~ification dolomitization and in 
the process many fossils were preserved as molds. In places, silica lias heen r!eposited in the voids. In  ordinary light the dolomite molds are not readily dif- 
ferentiated from the chert casts in the dolomite. Locality 14-T-1, unit 6. Sample collrcted east of mapped portion of quarry. ( ~ 1 5 )  

E. Silicified shell. The origi~ial sl~ell lias been replaced by clear anliedral crystalline quartz. Quartz also fills some of the c21aml)ers in the fossils. Locality 14-T-1, 
sample RB (PI. 3 ) .  ( ~ 1 5 )  

F. Dolomitc rast of fossil. The dolomite is belieled to have been deposited as a void filling. 1)olomitc also fills part of the body chamber of a fossil at  the base of  the 
photograph. See Plate 19 for other views of dolomite casts. Locality 154-T-16. (x1.3) 

G. Chalkified Dictyoconus. The original form of tlle s l i ~ l l  is still vaguely apparent but the shc,ll material has been conlerted to microgranular calcite. Locality 
14-T-1, sample DD (PI. 3 ) .  ( ~ 1 5 )  

H. Partially recrystallized Rangiu cuneata, a brackish-water pelecypod. This is a thin section of the specimen shown in photograph I. The specimen was collected 
in the Gulf of Mexico in approximately 75 feet of water. It is of late Pleistocene or early Recent age. Note the irregular manner in which the shell recrystallizes. 
Compare it with photograph B. The shell structure is still apparent in the rrystallinc calcite. This method of direct recrystallization is believed to be one 
manner of recrystallization of ancient shells. ( s 2 ) .  

I. Rar~gia clineata shell agglomerate. Note that some of the shells are altering to chalk. Note also the scalenohetlral calcite crystals coating several shells. This 
feature occtlrs in many places in the Edwards limestone. The cement is clear crystalline ralcite. ( s l )  
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PLATE 32 

FOSSILS FRO11 EDWARDS LIMESTONE 
(Al l  from upper 50 feet of the Edwards limestone, Barton Creek, 

Barton Hills addition, Austin. Travis County. 'I'esas, unless otller\\.ise indicated) 

FIC~RES- 
1. Eoradiolites dat,idsoni (Hi l l ) .  From the Edwards limestone, Bee LIountain, Rosque County, 

'I'esas. x c. 57. 

2. Eoradiolites sp .  From the upper  50 feet of Ed~\ .a rds  limestone; Red Bud Trail, Austin. Travis 
County, Texas. s c. 57. 

4, 111110lid. s c. 57. 

5. .\I:liolid and  unidentified foraminifers, s c. 170. 

6. Diceratid, probal~ly To~~ctlsia sp. r c. 57. 

7. 1Iiliolids a n d  ostracods. s c. 170. 

8. Durania austinense (Bike) .  Austin r l~alk,  Little F'alnut Creek and L-. S. Highway 290 ( to  
Lfanor), Travis County3 Texas. s i., 57. 

9. .tlonopleura sp. s c. 170. 

112. ~tlonopleura sp. Sarne specimen as Fgure 9. s c. 57. 

11. Ostracods. s c. 57. 
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PLATE 33 

A. Rond cnt on S ta te  Iliglr~vay 317 nortlr of Cra\vford. ~\-1iic.h esposes the reef faries of the Et11\-ards 
iorn~at ion,  the Kianiiclli folmation, and the basal l)~icli Creek m e m l ~ e r  of tile G e o r g e t o ~ ~ n  forma- 
tion. 'l'lle upper  past ol  the Kiamict~i  is se~erely \veathered. 

n. Uppermost Ed~vc~sds  formation, Kianlichi formation, and I~asal 1luc.k CI-eek member o l  the George- 
to \ \n  iormation in  tile road ru t  pictul.rd above. Stratigraphic Section XII.  rlio\ving tile tlirer litli- 
ologic, divisions of silty sl~ale, ~va\.y-beddetI linlestonr. and  calcareous clay. 
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PLATE 34 

A. Uppernlost i n t e r - r e ~ f  limestones of the  Edwards  formation, Kiamichi  formation, a n d  l~asa l  Duck 
Creek m e m l ~ e r  of Georgeto~\gn formation in a road cut  on Sta te  Hig111va)- 22 west of W'llitney Dam, 
Bosquc County i Strcitigraphic S e r t i o i ~  I I I - A ) .  'l'llis exposure is relatively frcsh a n d  sliows the  
litliolopy of unlveathered shales a n d  lirnestoncs of tile Kiamichi.  T h e  position of a Grjpiicieu bed 
is indicated by tile arrow. 

6. T o p  of rcef facie5 of tile Edwards  formation, Kiamichi  formation, a n d  11a:al Duck Creek member 
of tile Georgeto\r.n formation in tile banks of C h i l d r ~ s s  Creek in noitliern McLennan County 
(Stra t igraphic  Section V I - A ) .  T h i s  exposure il lustrates tile nodular  a n d  \ \ a \ y  bedding of Iirnestones 
in  the Kiamichi.  'rile percentage of limestone is overemphasized d u e  to rapid ~ . e m o l a l  of shale by 
tile Isaters of t h e  creek. 
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PLATE 35 

A.  i i I r \ a sds  format ion.  Kinmichi foi-inntion. and  I~asn l  1)ut h Crc rk  mern1)rs of Georgeto\\.n iol.ination 
in i iortl~ face of sailsoad cut  nc'ai- \ 'alley .\lills. 'l'iie Kiamiclli in illis exposure lS t i . n t i g~~a I~ I l i c  
Si,c,iion VI I I )  i i  c~ l~~ io r rna l l y  t1iic.k a n d  olerlies intcl.-si>ef incics of t l ~ e  Etiltcirds. 

n ,  I ' i~ l~l~lcs  of  Etlljcirii.; l i i nc tone  n ~ i o r i n t c d  with a Crii~hciea 11pd in  tl ir  lo\\-er Kiamiclli  2.; exposed 
in tiir railroad c.ut near  Valley .\lills. l'lie ]lase oi tile Kinmichi is s l ioun at  the  lower  risli!. 
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PLATE 36 

A .  Lower silty shale  and nodular limestone of the Kiamiclii formation as exposed in the banks of Hog 
Creek near Pa t ton  ill  hlcLennan C:orinty. The  hammer is resting on tlie top of the Ed~vards forma- 
tion ~\-hich is exposed at  the water le\.el of the creek. This is the lo\ver part of Stratigraphic Sec- 
tion IX. 

B. Top of inter-reef limestone of tile Edwards formation. Kiamichi formation, and  tlie ljasal Duck 
Creek mernber of tile Georgeto\\-n formation as  exposed on Horse Creek near Whitson in Coryell 
County. This is tlie ~ o o t l ~ e r n m o s t  exposure of tlie Kiamichi formation in central Texas (Strati- 
graphic Section XI ' I I ) .  
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PLATE 37 

Gryphaeas of the Kiamichi formation (all x l )  
F~ccncs- PAGE 

1-3. Gryphaen nat in  Hall. Stratigrap1lic Section IS. unit 6 .................................................... 125 

4-6. Gryplzcrec~ s j ,  Stratigraphic Section 11, unit 4 ............................................................. 121 

7-9. Cryphaen mitcronutu G a h l ~ .  Stmtigrapliic Srctiorl 1, unit 2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
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Bureau of Economic Geology, T h e  I-niversity oJ Te.~as 

PLATE 38 

Megafossils of the Kiamicl~i  formation and I ~ a ~ a l  Dt~cl i  Creek member 
of the G e o r g e t o ~ n  formalion (al l  s l  escrjit fig. 1 \vllic~11 is 1.6) 

F ~ c u ~ r s -  PAGI: 

I. Oxytropidoceras sp, aff. boesei Knechtel. Kiamichi formatioii: Stratigraphic Section 
\.III-A, uni t  14 . . ....... ~ ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ .. . .  . 124 

2.3. Heteraster ndkinsi Lambert. Kiamiclii formation: Stratigraphic Section VIII-A, unit 13 124 

1. ldioi~anlites fren~orlri (Rlarcoui .  Basal Duck Creek: Stratigrapliic Section XVII, unit 7 129 

5. Erogyra p lesa  Cragin. Kiamiclii formation; S t ra t ig ra~~l l i c  Section I-III-.\, unit 14  . 124 

6, 7. Kingena zoacoensis (Roemer) .  Kianiicl~i formation: Stratigrapliic Section XVII, l i r i i t  5 . 129 

8. E~ogyrtz t e ~ u r l u  Roemer. Kiamichi formation: Stratipral)hic Section VII, unit 4... 124 

9, 10. Kingena rc;acoensis (Roemer) .  Basal Duck C~.c.rk: Stratigraphic Section VI-A, unit 13 123 
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Abraham. George. No. 1. B. B. Orr: 151 
,4da Tom No. Gulf Oil Corporation: 147 
-4dkins. W. S.: 1, 7, 14, 107, 108, 114 
adkinsi, Heteraster: 105, 117, 123, 125, 222 
-4. Floyd survey: 138 
Ainsworth. H. Miller: 131. 133. 136 

.4lipes: 98 
allowable production, Darst Creek field: 139 
alteration. post-lithification: 22. 66. 79-82. 176. , , 

194, i96, 202, 204 
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analyses: 54 
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Armstrong. J. M.: 7 
Ashworth, E. T.: 97 
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chalk: 103, 210 
production: 139, 140: 141 

formation: 138 
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"Limestone": 3 
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Baker. K. C.: 135 
Balcones fault system: 28, 80 
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biostrome: 24, 27, 38, 40, 41, 44, 64, 72 
rudistid: 56, 64, 74, 178 
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120 
No. 1 well: 99 
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000 
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Bolton No. 2, Magnolia Petroleum Company: 
150 
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54'. 65, 68, 78, 81, 90, 92, 164, 194, 198 
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shell fragments in: 75 
zone: 76- 

Boring No. 1, West Production Company: 151 
boring organisms: 49 
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-Hill County control section: 9,ll-12 
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Bruner et al.: 138 
Bryan, Elsie: 132 
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control section: 14, 15 
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calcarenite: 24, 25, 168 
calcilutite: 24, 25, 162, 168, 176, 180, 204 
calcite. ielative abundance of: 57, 60 
calcitic chert: 25 
calcitic dolomite: 25 

post-lithification: 60-61 
Caldwell County: 131, 133. 135, 137, 139, 140 
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Caldwell Oil Company No. 1 Hardeman:  134 
caliclie: 37 
Canln No. 1 Sue  Denman: 139 
"CanArina Beds": 7 
"Cabrina Limestone : 3, 4, 7,9, 12 
Caprinidae: 98, 100. 101. 102 

-Riidistidae: 101 
caprinids: 35, 60 

Edwards: 12 
Caprinuloidea: 36, 38, 41, 4.3, 45, 46, 48, 51, 52, 

65. 92, 98, 100. 102. 103, 170. 186. 188. 192, 
206. 209 

zone: 21, 97 
"Caprotina Limestone" : 3 
carbonate rocks, classification of:  25-27 
Carter Nos. 1 a n d  2, Sullivan e t  al.: 138 
Car t~ t r igh t  Nos. 1-4, Texas Southern Oil and 

Lease Syndicate: 131 
case-hardened: 33. 65 
Casey. Josephine : 2 3  
cavity filling: 22 
Cedar  Creek: 29, 86, 87, 117, 129 
Cedar  Park limestone : 17 
cementation: 24, 78-79 
Center: 150 
central Texas, Kiamichi outcrops in : 108 
Ceritella: 98 
Ceritellidae: 98 
Cerrogordo, Arkansas: 108 
chalk,  pulverulent: 27 
chalkification: 22, 25. 40? 41, 54, 66. 67. 80, 188 
chalky: 25 

limestone: 25 
Chania: 97, 103 
Chamaceae: 97, 103. 209 
chamids: 116 
Charlotte, area: 111 .. 

-Dol~rowolski faul t  trend: 142 
faul t :  141 
field: 131, 142 

chemical analyses : 23. 82 
chert :  22, 25, 33, 37, 38. 48, 49, 52, 55. 56. 58, 61, 

67, 68, 72, 75, 76. 78, 87, 88, 89. 158 
calcitic: 25 
dolomitic: 27 
nodules: 162 
primary: 190, 19.1 
syngenetic : 55 
weathered: 65 

Childress Creek: 4344,62,95,  109, 116. 117,123, 
154, 214 

China Springs: 93, 95. 154 
Chocta~v County, Oklahoma: 4, 107 
Chondrodonta: 36, 51. 43, 48, 52, 65, 90. 97, 100, 

101, 102, 103, 116, 172, 184, 209 
munsoni: 121, 122, 127, 128 
zone: 21 

Chriesman: 144 
field: 14.4, 

Christi. Mitchell and  Mitchell: 148 
Christine surface prospect: 142 
Cibolo fault: 140 
City of Georgetoltn va te r  well No. 2, Layne- 

Texas: 16 
City of Moody water  tell No. 2, J. L. 3Ijers: 13 
Cladophyllia: 31, 36. 11. 46, 53, 74, 87. 91, 97, 

98. 100, 101, 170, 178, 184, 200, 209 
bed:  104 
furcifera: 98 
zone: 21,45,65, 101.102 

Claiborne exposures : 112 

Clark, George H .  : 131, 142 
Clark. L. W.: 141 
classification of carbonate rocks: 25-27 

(fragmental) limestone: 25 
Clear Creek: 4.4 
Clear Fork No. 1 : 8 

log: 9 
Clifton: 106 
Cline. L. ill.: 107 
Clymer, Russell : 137 
C. S. Cooke No. 1. Stdnolind Oil and Gas Com- 

pany: 146 
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Coffield No. 1, Red Bank Oil Company: 144 
Colligan, Jack: 7, 15 
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R ~ x e r :  4, 5, 107, 108 
!-alley: 5 
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Coon Creek: 12, 123 
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Corps of Engineers: 7, 12 
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road :  38 
Valley Cl~urch: 91 
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Company: 142 
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a l e a :  139 
field : 133. 136, 138-140 

discolery: 131 
oroduction: 152 

Dauchy. Carey: 131 
davidsoni. Eoradiolites: 128. 210 
Davis. Edgar B.: 131,133-136 
Davis. 1 1 r  Joe: 133 
Davis Yo.  1. Sullivan e t  al.: 138 
definition of terms: 2 6 2 7  
D e h l i n g e ~ .  11. E.: 97 
Delta Gulf Company: 113 
Denison : 1. 107 
D e n i ~ o n .  -4. Roger: 141 
Denman. Sue, No. 1, John Camp: 139 
dense:  25 
Denton member: 114, 115 
Desiderio Trevino No. 1, Copano Oil  Company 

et  al.: 149 
detr i ta l :  25 

limestone: 27 
diagenesis: 25 
diagrams of biohermal arid biostromal reefs: 63 
diceratid : 103. 210 
Diceratidae: 98, 101 

-XIonopleuridae zone : 100. 102 

walnutensis; 36, 48. 49. 50. 53, 56, 65. 92, 116, 
124. 172.188,192, 198 

Dill$-orth and Dilworth, Southeast fields: 116, 
147 

Dilvorth.  J. C., lease: 117 
No. 1. H. R. Smith: 145 
No. 2. I-Iumble Oil 6 Refining Company: 117 
Mrs.  M a r y  Jean No. 1. Standard Oil Company 

of Texas: 146 

dolomite: 33, 35, 4.1, 4, 59. 52, 53, 54, 55. 56. 57, 
60, 61. 66, 68, 81. 82 

calcitrc: 25 
crystalline: 27 
diagenetic: 68 
occurrence of: 67-68 
origin of: 58-59, 80-82 
post-litliification: 56, 66, 68. 82 

calcitic: 60-61 
product: 58, 59 

p r i m a q :  22,58,80-82.190 
relative abundance of:  57. 60 
rudistid: 27 
silicifield: 27 

dolomitic chert and limestone: 27 
dolomitization: 22, 25 

Comanche Peak formation: 201 
Duck Creek: 4 

-Edwards contact: 112 
formation: 4, 21, 33. 62. 85, 86, 87, 88. 

91. 92. 97, 115 
-Kiamichi contact: 117 
limestone: 22,29,31, 34, 39,46, 80 
member: 108, 116, 120-130, 212. 214, 2 

fossils of: 222 
Dumhle. E. T.: 3 
duplico~tata ,  Pecten: 50 
Dunanla: 103 

austlnense: 210 
Duren and Richter lease: 142 
"dust" rims: 37 

Eagle Ford formation : 134 
Eagle Springs: 112, 128 
East  Imogene field: 142, 144 
economics : 131 
Edgerton. Charles: 131 
Ed<-ards formation: 6, 9. 12, 14, 17, 18, 59-61, 

100. 107, 109, 110, 111. 112, 114, 115, 117, 
120-130.212.214.216.218 
caprinids: 12 ' 

-Comanche Peak  contact: 9 
-Comanche Peak-Walnut sequence: 11 
-Duck Creek contact: 115 
-Georgetown contact: 109 
inter-reef limestone: 214 
-Kiamichi contact: 50, 116 
lithology of: 33-68 
stratigraphic features of: 62-68 
thickness of: 28-29 
 inconformity with Kiamichi formation : 31 

limestone: 3, 4-5, 14. 21-95, 105, 108. 117, 118 
facies: 101 
locality and thickness map of: 30 
production in: 131-152 
tabular reef, fossils from and typical genera 

of: 209, 210 
Edwards Plateau: 4 
E. J. Pruitt Nos. 2 and 3. Humble Oil 8: Refin- 

ing Company: 142 
Engonoceras: 98 

Ding Dons :  52 environrile~ital control: 70 - 
disconformity: 65 Eopacliydiscus: 117, 128, 129, 130 

Walnut-Paluxy: 18 Eoradiolites: 36, 41, 43, 46: 18, 52, 65, 92. 94. 98, 
Dixon. J .  W.: 107 100, 102, 103, 116, 121, 170, 178. 182, 184, 
Dobbin.. Roy A.: 133 186. 188,190,206.209 
Dobrowolski fault t rend:  112 -Chondrodonta zone: 97 
Doering field: 141 davidsoni: 128, 210 
Doering KO. 1: Amerada Petroleum Corporation: zone: 21 

111 Erath Coiinty : 5 
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Ethe l  L. Craig No. 1. Amerada Petroletim Corp- 
o~a t ion :  147 

"EuozTra arietina >fail": 3 
p lesa :  105, 115. 117. 120, 121, 122, 123, 124, 

125. 126,127, 128,222 
tesana:  105, 108. 110. 115, 116, 117. 120, 121, 

124. 125. 127. 222 
beds: 7 '  
'clays": 3 

Fallre. Gilbert A.: 132 
facies- 

biostromal: 38 
development of rudistid: 70-75 
Comanche Peak  limestone: 101 
Edwards limestone: 101 
inter-reef: 36, 38, 4143,  48-49, 52, 64-65, 70 

development o f :  75-79 
reef :  70 
rudistid: 27, 33. 34-36, 38, 40-41, 45-47, 

51-52,62-64, 65, 78 
transgression diagram: 71 

fauna l  association: 65 
faulting, Tanglewood area: 144 
faul ts :  28 

Burdett Wells: 110 
Charlotte: 141 
Ciholo: 140 
Imogene: 141 

faul t  system, Imogene-Charlotte: 143 
Imogene-Jourdanton-Cllarlotte: 141 
Luling: 138 

faul t  trend, Charlotte-Dobrowolski: 112 
JIesia-afilano-Tanglewood-Smithville: 111 

faul t  zone: 53 
Fashing field: 145, 157-118 
Feray,  D. E.: 23 
Ferry Yo. 1, Lone S ta r  Producing Company: 143 
field mapping: 23 
Fisli, Leroy: 142 
flexures: 28 
Floyd,  I.. survey: 138 
F. 31. Hearne e t  al. No. 1, Triangle Drilling 

Company: 150 
Foree,  Kenneth, J r . :  131. 134, 135 
For t  Hood village a rea :  11 
For t  Stockton quadrangle:  108 
For t  TOT\-son, Choctaw County, Oklahoma: 4, 

108, 110 
For t  Worth: 4, 5, 7. 18. 107 

Prair ie :  105, 107, 108 
fossils- 

from Edwards limestone: 210 
of Comanche P e a k  limestone facies: 98 
ranges of near locality 109-T-14: 100 
typical of Fredericksburg group: 98 

Fowlerton: 147 
framework, rigid: 69 
Frank .  Robert: 139 
Frank's  Landing: 67 
Fredericksburg- 

age :  72 
end of: 79 
geologic history of :  73 

division: 18 
fossils: 116 
group:  3, 6, 9, 14, 21, 22, 28, 62, 70, 98. 105, 

107. 108, 120-130 
geologic history of :  69-82 
outcrop map of :  32 
typical fossils: 98 

limestone, Edwards production in:  I50 
section: 17 
-Vashita contact: 117 

fremonti, Idiohamites: 117, 222 
Frio County: 141, 152 
furcifera, Cladophyllia: 98 

Galan field: 149 
Gatesville: 4, 5, 12, 13, 14, 21, 23, 29. 41. 46, 62, 

88,89,106,158.160,162 
equ i~a len t :  6 
formation: 4, 5-6. 14 
School for Boys: 12, 87,91 
section: 12 

George Abraham No. 1. B. B. Orr:  151 
Georgetown: 14, 17, 18 

- E d ~ t a r d s  contact: 18 
fo~inat ion:  18, 108, 110, 115, 116. 117, 120-130, 

117,212,214,216.218,222 
limestone: 3,4,  17. 31.98,105 
production: 143 
section: 17 
water well: 16 

Gerlon Hinds l ea rue :  138 - 
Ginther. Warren, and  Ginther et  al. So.. 1 and 

1-.1 0. W. Killam: 118 
Glendale field: 150 
Glen Rose formation: 5. 7. 14. 18. 82. 97. 98. 

103. 145, 148 
G l o ~ e r .  Everett: 23 
Golden West Oil Company No. 1 BIalone: 138 
Goldstine-RIigel KO. 1 Grim: 150 
Gonzales County: 135. 112 
Goode, Oscar: 137 
Goodland- 

Choctaw County. Ohlahoma: 4, 107 
facies: 102 
formation: 6, 7. 9. 18. 97, 98, 150 
limestone: 4, 5, 114 
-F alnut combination: 3 
-A-alnut-Paluxy combination: 3 

Gordon and Dinsmore No. 1, Humble Oil & 
Refining Company: 113 

G. K. Henry ranch : 116 
erain size: 25. 27 - 
G r a n b u ~ y :  9 
Grand Prairie: 97. 107 
granular: 25 

limestone: 27 
Gravhurg Oil C o m ~ a n v :  134 
Grayson-county: 4 . 
Green Branch a rea :  115 
Greenbriar Creek: 44. 50, 89 
Grim 10. 1, Goldstine-lfigel: 150 
Grimes County: 150 
group:  18 
GroTe Creek: 89 
Grypliaea: 89, 98, 99. 101, 102, 105, 110, 111, 

111. 116, 117, 118. 120, 121, 122. 123. 125, 
126. 127.129.216.220 , , 

corrugata: 88 
mucronata: 105, 115, 117, 120, 121, 122, 125, 

'77n --" 
nahia: 34, 88, 105, 115, 117, 120, 121, 122, 123, 

121. 125, 126, 127, 128, 220 
"Rock-: 5 
~rasliitaensis: 129. 130 

grypl~aeas, Kiamiclii : 12 
G i i d a i u p e  County: 135 

River: 138, 142 
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Gubbels. Louis M., No. 1, Humble Oil 8: Re- -Charlotte fault system: 143 
fining Company: 145-  field: 131,142,144 

Gulf of 3Iexico: 34, 72, 1 3 :  76, 79, 206 -Jourdanton-Charlotte fault system: 141 
Gulf Oil Corporation: 1-15,148 structure: 141 

Ki l l am No. 1-A: 148 Indian landmark: 9 
Ada  Tom No. 1: 147 Inoceramus : 103,129 
Knoblock well: 139 i n  s i tu:  25 

inter-reef deposits: 21, 42, 44, 49, 180, 183, 186, 
Hager ,  Di l~ror t l~ :  131, 139 190,194,196,200,202 
Halbouty, 31. T., No. 1-A Killam: 148 pellets in : 188 
Ha]ff a n d  Oppenheimer ho .  1, Rycade Oil Cor- facies: 25,36,38, 41-43, 48-49, 52, 64-65, 70 

poratior~: 141 development of: 75-79 
No. 2, Amerada Petroleum Company: 141 sediments: 22,47,49, 7 j 

Hamil ton:  61. iron oxide: 176 
County:  12,14,72 irregularis, Pecten: 117, 128 

Hamman Oil and Refining Company: 148 Isaacks field: 147 
Hardeman So. 1, Cald~vel l  Oil Company: 134 Isaacks, J. V., NO. 1: Standard Oil Company of 
Harlow, Leslie: 131 Texas: 147 
Harold OIT field: 151 
Harrison County: 150 J. B. Henry No. 1, Standard Oil Company of 
H. A. Schumann No. 1 ,  H. R. Smith: 148 Texas: 14.6 
Hays County: 103 J. C. Dil~rorth lease: 147 
Hearne,  F. LI., et al. KO. 1, Triangle Drilling Com- xo. 1, H. R. smith:  145 

pany :  I50 No. 2, Humble Oil 8r Refining Company: 147 
Henry field : 146-147 John Camp No. 1 Sue  Denman: 139 
Henry. G. K., ranch: 146 John Henry survey: 134 
Henry, Hnhert: 23 Johnson County: 4, 62, 97, 99, 101, 102, 112 
Henry. J. B., No. 1, Standard Oil Compan?- of control section: 9, 

Texas :  146 
Henry, John, sul-vey: 131  

Johnson, l far t in  L.: 146 

H~~~ yo, 1, stano]ind Oil and Gas Company: 145 J011njon SO. 1, Humble Oil Refining Company: 
I lenry Schorsch No. 1, 3fagnolia Petroleum Com- la 

pany:  143 Jolly, A. W.: farm: 137 
Heron Cay: 78 Jolly Nos. 1 and 2, Roxana Petroleum Corpora- 
Heteraster: 115, 121, 122, 124, 126, 127, 128 tion : 137 

adkinsi :  105,117,123, 124, 222 Jonesboro: 14,44 
H. H. Coward No. 1, Humble Oil & Refining Corn- Jones. Franklin: 131 

pany :  142 Jourdanton : 141,142 
Hill County: 9,ll-12, 18,97,98,99,101,104,105, field: 131,142-143 

106, 107,110,112, 113, 120 Jupi ter  Oil Company Xo. 2 South Texas Syndi- 
Hill, R. T. :  1, 3, 7, 9, 14, 107, 108 cate: 147 
Hill's Bait House: 87 Jurassic Period: 97 
Hind., Gerron, league: 138 J. V. Isaacks No. 1, Standard Oil Company of 
Hog  Creek: 28,38-39, 95, 125, 154,218 Texas: 147 
H o m o m ~ a ?  : 122 
Hood ~ o u n ~ y :  5 

-Johnson County contlol section: 9, 10 
Horse Creek: 129,168.218 
Hosston formation: 145 
Hosey Oil  Company KO. 3 Ross: 140 
H.  R. Smith No. 1 H. A. Schumann: 148 

J. C. Dill\ orth No. 1 : 145 
South Texas Syndicate h o .  1:  146 

Hugo:  4 
Hull. A. hf.: 7 
Humble Oil & Refining Company: 131,141 

E. T. Prui t t  Nos. 2 a n d  3 :  142 
~ o i d o n  and Dinsmore S o .  1 :  143 
H.  H. Co~rard  No. 1: 142 
J. C. Dil~rorth No. 2: 147 
Johnson So. 1: 144 
Louis 31. Gubbels No. 1 : 145 
M. L. Thompson No. 1 : 142 
Moursand No. 1: 143 
Vicli Yo. 2: 144 

Hurst  Springs: 34 

Kansas : 108 
Kiamichi- 

-Edrr-ards contact: 9 ,  12 
erosion: 104 
facies: 145 
formation: 4, 6, 7, 9, 12, 18, 21, 29, 46, 87. 88, 

90, 91, 92, 93, 94, 95, 97, 98, 100, 102, 105- 
130.147,212,214,216,218 
fossils of: 220, 222 
~sopach  map of: 113 

-Georgetown contact: 110 
-Goodland-Walnut combination: 3 
-Goodland-Walnut-Palu\y complex: 3 
gryphaeas: 12,220,222 
R i ~ e r :  3. 108 
shale: 22. 31, 33, 34, 39. 40, 44, 62, 66, 67, 68, 

78, 80. 82 
"Kiamitia Clays": 108 
Killam. 0 .  W., Nos. 1, and 1-8,  Ginther, Warren, 

and Ginther et  al.: 148 
Gulf 011 Corporation : 148 

Idiohamites: 117,121, 122, 124,127, 128, 129, 130 M. T. HalbOity: 148 
fremonti: 117,222 Kimball Bend: 98,102,103,104 

Ikins, W. C. : 7 ,9 ,14 ,17  Kimball. George C., survey: 133 
Imogene fault: 141 Kimmell, Charles E.: 131 
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Kingena: 117 relative abundance of calcite, dolomite, and 
tracoensis: 88, 112. 116, 117, 120, 121, 122, 123, quartz: 60 

124,125,126, 127. 128,129,222 l4.T-10: 86 
Kingston Lake: 80, 8 1  14'-T-11: 86 
Kiowa shale: 108 14-T-13: 86 
Kirby, Grady: 131 14-T-14: 86 
Knellel, Robert M. : 131, 148 14-T-15: 87 
Knoblock ~vells: 139 14-T-16: 29, 31> 8; 
Kopercgak No. 1, Magnolia Petroleum Company: 14-T-17: 87 

151 18-T-2: 99, 101 
Kopperl : 9,12 18-T-3: 99, 101 

core: 12 50-T-1: 29, 87, 88 
dam site: 11 50-T-2: 88 

Lake Xihitney: 113 
Dam: 9, 12 

Lalie Worth Dam : 7 
Lampasas: 5 

Cut  Plain: 107, 108 
River: 5.80 

~arremore'field: 137-138 
LaSalle Company KO. 1, Phillips Petroleum Com- 

pant : 145 
LaSalle County: 145, 146, 147 
Layne-Texas City of Georgetown W. W. No. 2: 16 

Taylor Bedding 1Ifg. Co. W. W. KO. 2:  15 
L e a n d e r  17 
Lease 2, Go. 1, South Texas Syndicate: 146 
Lee Brothers Oil Company No. 2 Storey: 147 
Lee County: 144 
Leggat, E. R.: 7 
Leon Riter: 12, 23. 41, 52, 80, 85, 87, 89. 116. 

117. 130 
Valley: 14 

Lester. 0. C.: 141 
Leverett, S.: 1 
Lightsey, Raymond : 132 
lime-mud: 25 
lime-sand: 25 
lime-hilt: 25 
limestone- 

breccia: 42-43 -. 
chalky: 25 
clastic (fragmental) : 25 
crystalline: 27, 67 
detrital: 27 
dolomitic: 27 
granular: 27 
miliolid: 27,42 
primary: 59-60 
rudistid: 27, 41, 50, 51, 55, 62, 68, 72, 85, 86, 

87.88,91,92, 93, 94,95 
reef: 33 

silicified: 27, 67 
skeletal: 27 

lithification: 25,7T-79 
Little Walnut Creek: 210 
Live Oak County: 147 
L. J. Urbanczyk KO. 1-A. Lone Star  Producing 

Company: 148 
Llano Estacado: 108 
localities- 

109-T-9: 99; 101 
109-T-10: 99, 101 
109-T-14: 99, 101 

diagrammatic section near: 100 
126-T-12: 99. 101 

154-T-18: 95' 
Lockhart: 137, 139 
Lone Star plant: 143 
Lone Star Producing Company: 131 

Ferry No. 1 : 143 
L. J. Urbanczyk No. 1-A: 148 

Longtvood field: 150 
Lonsdale. John T. : 23 
Lou~siana Oil and Gas  Company: 136 
Louis 11. Gnbbels S o .  1, Humble Oil Sr Refining - 

14-T-1. 52-59, 66, 67. 68, 76, 77, 81, 82, 85, Con~pany: 145 
164. 166, 190, 192. 194. 196. 198. 206 Lotve Ranch field: 146 
relative abundance of calcite, dolomite. and Lotver Cretaceous (Comanchean) age:  108 

auartz: 57 Kiamichi formation : 105 
14-T-3: 29,31, 85, 86,201 rocks: 109 
14-T-5: 85 Lozo, Frank E.: 7,13,23,28,105 
14-T-6: 85 Luling : 133, 135 
14-T-8: 21, 29, 59-61, 67. 86, 168, 200, 202,204 fault system: 138 



field: 131.133-137, 139 
production: 152 

Foundation: 135 
Oil a n d  Gas Company: 131.138,147 

McBride, W. J.: 12, 1 4  
McCallum, Henry D.: 131. 111,142 
McCollum. L. F.: 138 
~ c ~ u r t a i n '  County, Oklahoma: 4 
McGregor: 106 
McKenry, K. L.: 151 
McLennan County: 4, 9, 12-14, 21, 23, 28, 31, 

33-41, 62, 66, 72, 92-95, 105, 106, 107, 110, 
112, 113, 115, 116, 117, 123, 125, 126, 127, 
154, 156, 214. 218 

McRIullen County: 145. 146. 147 
Mackey, J. R.: 134 
Macon. .T. W.: 23 
~ a c ~ a ; g h t o n ,  L. A.: 141 
Madison County: 150 
Madisonville field: 150-151 
Magnolia Petroleum Company: 131. 132. 134. 135. 

Bolton NO: 2 : 150 
Field Research Laboratory: 23 
Henry  Schorsch No. 1 : 143 
Kopercgak No. 1: 151 
M. E. Roarnel No. 1 : 139 

Main Street formation : 4 
Malone No. 1, Golden N e s t  Oil Company: 138 

Sun  Oil Company: 138 
Manford. Agnes: 134 
Manor :  210 
Marines No. 1, United Korth and South Oil Corn- 

pany : 135 
marl : 27 
mart inae,  Corbula: 103 
Mart in No. 1, Stanolind Oil and Gas Company: 

143 
Matagorda County: 136 
Meador Grove: 85 

-Whitson road: 89  
megagossils, Duck Creek member: 222 

Kiamic l~ i  formation : 222 
measured sections: 85-95 
mechanical logs: 7 
Merri~veather  No. 1 : 1 3 1  
metal quarry: 164,166 
Mexia-\Iilano-Tanglewood-Smithville faul t  trend: 

141 
Mexico : 70.108 
microfaults: 162 
microfossils : 25 
microstalactites: 37 
Middle Bosque River: 28, 38, 42, 62, 66. 92, 93, 

94, 95,109,112,127, 156 
traverse along: 33-38 

miliolids: 42, 50, 53, 59. 65. 111, 112. 117, 124, 
180. 182.210 

limestone:'27,42 
Miliolina: 116 
Miller, D. R.: 23 
Mixon \\ ater well No. 1, J. L. Myers: 11 
M. L. Thompson No. 1. Humble Oil & 

Company: 142 
Moffat: 21.29,31,52,62. 67.72.85 
molds, dolomite: 172 
Monopleura: 36,43,52.98.100,102,116, 

124, 127,130,209,210 
-Toucasia zone: 65,97 
zone: 21 

Refining 

122. 123, 

blonopleuridae: 98, 100,101.102 
Montgomery, Porter: 131 
Moody: 12, 128 
Mosbacher et al. No. 1 Charles T. Troell: 144 
Mother Neff State P a r k :  44. 66. 168 
Mountain : 29,91 
Moursand No. 1, Humble Oil & Refining Com- 

pany: 143 
Mo~vinkle. John E.: 131. 134. 135. 136 
Mrs. ~ ~ a r y - ~ e a n  Dilworth No. 1, Standard 

Company of Texas: 146 
31. T. Halbouty No. I -A Killarn: 148 
mucronata, G r v ~ h a e a :  105, 115,117,120, 121, 

Oil 

122, 

Muil field: 143 
Muil Nos. 1-5, Gulf Oil Corporation and Quintana 

Petroleum Corporation: 143 
illula KO. 1, Phillips Petroleum Companl : 117 
Mula Pasture field: 147 
Mulligan. John: 132,150,151 
munsoni, Chondrodonta: 121, 122, 127, 128 
Myers. J.  L., Benbrook Dam W. W. No. 1 :  8 

City of Moody W. W. No. 2 :  13 
E. 1Iixon W. W. No. 1: 11 
Pi. P. Powell W. W. KO. 7:  11 
Santa Fe RR. W. Rr. No. 8 :  10 

mytilacea : 209 
mytilids: 116 

Nalarro production: 142 
navia, Gryphaea: 34, 88, 105, 115, 117, 120, 121, 

122. 123, 124, 125. 126, 127, 128, 220 
Neils Creek: 34 
Nelson. H. F.: 12 
Nelson, Jack: 23 
Nelson, 1Ii-s. Henry: 23 
Nerinea: 124,129, 130 
Nerineacea: 98 
Newman Brothers of San Antonio: 147 
New hlesico: 108 
Noble. Homer: 132 
Nolan's River: 102 
Nolanville : 86 
nomenclature, stratigraphic: 18 
North Bosque River: 28, 31, 39, 93, 126 
North Fork, San Gabriel River: 15, 17 
North Tesas lagoon: 70. 72 
Nugent. Kate: 135 

Oglesby : 89, 90 
oil and/or gas fields- 

Branyon: 140 
Charlotte: 142 

- . - . . . - 
Darst Creek: 138-140 
Dilworth and Dilworth. Southeast: 146, 147 
east Tesas:  150-151 

- - ~ ~ -  

Glendale: 150 
Harold Orr: 151 
Henry : 116-147 
Imogene and Imogene, East: 142,143 
Isaackc: 147 
Jourdanton: 142 
Lar lemo~e:  137-138 
Longnood: 150 
Lo\+e Ranch: 147 
Luling : 133-137 
Madison\ ille: 150-151 
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hIuil: 143 
J Iu la  Pasture: 147 
Pescadito: 148 
Pleasanton and Pleasanton, South: 143-144 
Sa l t  Flat: 138 
S a n  lfiguel Creek: 145 
Sout11 Bosaue: 150 
Stuart  ~ i t J :  146 
Syndicate: 146 
Tanglewood: 141 
Washburn: 146 
Webb County: 148-149 
West Shelbyville: 150 
White Kitchen: 147 

Oklahoma, Choctaw County: 4, 107, 108 
For t  Tolrson: 4, 110 

Olmos sand production : 141,142 
oolites: 25.198 
zpaque grains: 22,25, 37,54,7T 

original" shell fragments: 25 
Oi r ,  B. B., No. 1 George Abraham: 151 
Osage: 33,64.88,94,158 

0. W. Killam Nos. 1 and I-A, Ginther: Warren, 
and Ginther et al.: 148 

01) tropidoceras: 98, 108, 115, 116, 125, 126, 128 
sp. aff. boesei: 117, 120. 121, 123, 124, 222 

Pachyodonta: 104 
Pagenkopf, H. A.: 131 
P a n  American Petroleum Company: 131,143,146, 

7 4 -  
I-i 1 

paleontology: 36, 41, 16, 48,50, 52, 116-117 
Palusy,  Hood County: 5 

formation: 7,14, 18, 22.72.150 
outcrop: 14 
R i ~ e r :  5 
s a n d :  5,9,12,70 
sandstone: 105 
-Walnut contact: 9 

relations: 14  
Parker  County: 7 
particle terms; see rock-forming particles. 
Pa t ton :  218 
Pawpaw member: 115 
Peale,  W. F.: 134,135 
Pearce. .A. S.: 23 
Pearsall : 142 

anticline: 141 
field: 141 

Pecan  Glove Baptist Church: 44, 88 
Pecten:  120, 121, 122, 121, 126 

duplicostata: 50 
irregularis: 117, 128 

pelleis in ~nter-reef deposits: 188 
penecontemporaneous : 25 
Permian leef complex: 82 
Pernidae:  209 
P f i ~  inquieria: 117, 120, 123, 128, 129, 1 
Pescadito dome and  field: 148 
petrograpl~ic study: 23 
Phillips Petloleum Company LaSalle 

No. 1 : 145 
?iIu!a Yo. I :  147 
R7ashburn Ranch S o .  1--4: 145 

Pidcoke area: 14 
Pilot Knob: 14,16, 17 
Pinklev. George R.: 145 

 leaso onto* field: 143-114,148 
Pleistocene: 79 

30 

Corn 

plesa. Exogyra: 105, 115, 117, 120, 121, 122, 123, 
124.125,126, 127. 128.222 - , ,  

Plymouth Oil Company: 143 
Archbidlop of San Antonio No. 1: 145, 146 

post-lithification alteration: 22, 66, 79-82 
calcitic dolomite : 60-61 
deposits: 176, 194. 196, 202, 204 
dolomite: 58,59, 68: 82 
dolomitization: 56 
processes: 22 

Po;vell. N. P., W.W. No. 7, J. L. Myers: 11 
Powers. Sidnev: 141 
Prairie Dell: 52 
Price. L. 0.: 23 
primary: 25 

chert: 190, 194 
dolomite: 67,82. 161, 190 
limestone: 59-60 

production- 
agreement, Darst Creek field: 139 
Branyon field: 140 
Charlotte field: 142 
Chriesman field : 111 
Cooke field: 146 
Dilrvorth field: 146. 147 
east Texas: 150-151 
Fasliing field: 148 
Glendale field: 150 
I-Iarold Orr field : 151 
Imogene field: 112 

East: 143 
initial: 134,, 137. 138 
Jourdanton field: 153 
Lonavood field: 150 
LOT+; Ranch field: 147 
Luling field: 137. 152 
\Iadisonville field : 151 
?iIuil field: 143 
IIilla Pasture field : 147 
Pleasonton field : 151 
San IIiguel Creek field: 145 
South Bosaue field: 150 
Stuart Cit; field: 146 
~,ndicate'field: 146 
Kashburn field: 116 
X e s t  Shelbyville field: 150 

productire area- 
Branyon field: 140 
Charlotte field: 112 
Darst Creek field: 110 
Imogene field: 112 
Joiirdanton field: 113 
Larremore field: 138 
Luling field: 137 
l l u i l  field : 143 
Pleasanton, South field: 144 
South Bosque field : 150 

proration: 139, 140 
prospect. Christine surface: 142 

Stuart City: 146 
Pruitt.  E. J., Nos. 2 and 3, Humble Oil S; Re- 

fining Company: 142 
pnlverulent chalk: 27 
Pnrgatoire formation : 108 
pyrite: 81, 86, 89 

nodules: 44 

q u a r n .  Tonk stone : 38 
quartz, relative abundance of: 57, 60 
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Quintana Petroleum Corporation Muil Nos. 1-5: facies: 27, 33, 34-36, 38, 40-41, 45-46, 4 M 7 ,  
143 48, 51-52,62-64. 65,78 

South Te\as Syndicate Nos. 3 and 3-D: 143 delelooment of: 7C-75 
transcression diaoram : 71 

Rabon, S. H.: 135 
Radiolitidae: 98,101, 102. 103 
Rafael Rios No. 1 : 131 
Rainier School: 91 
Rangia cuneata: 76,79, 206 
Ravner. C. 13.: 135 
~ e c e n t  : 79 
recovery by iecycling, Pleasanton field: 143 

Darst Creek field: 139 
recrystallization: 22, 25, 37, 40, 42, 47, 52, 53. 54, 

55, 56, 66,67, 78, 80, 82, 190, 194, 198, 206 
recrystallized shell fragments: 25,76,77 
recycling, recovery by in Pleaanton field: 143 
Red Bank Oil Company No. 1 Coffield: 144 
Red River: 4.5.21.107 
reef:  27 

barr ier :  70 
biohermal: 21, 34, 35. 38, 39, 40, 41, 41, 72, 79, 

116 
biostromal: 39,72 
comples:  25 
cores: 21, 27, 35, 36, 38, 39, 40, 44, 47. 19, 50, 

51, 64, 69, 75, 77. 78. 178. 182, 184. 200 
deposits: 45 

definition of: 69 
d e ~ o s i t s  : 170 
facies: 70 

Edwards formation : 212 
flank: 27,35,40,41, 47, 48,51,@, 65. 178 

denosits: 43.45.77 

Fudistid: 34,41,46,69,70, 79,89 
biohermal: 21,62, 87, 94, 154 
biostromal: 21,35, 62, 154 

tabular:  97.101.103.209 
reefing: 145,146,149 
reference cross sections: 7-17, 18 
regional uplift: 22,79 
replacement : 25 
reserves- 

Fashina field: 148 
gas: 152 
Luling field: 137 
Pleasanton field: 143 

rigid framework: 69 
Rios No. 1 : 134 

limestone: 21, 27, j l ,  50, 51, 55, 62. 68. 72. 85, 
86,87,88,91,92,93,94,95 

reef: 34,16.69,70. 79,89 
limestone: 33 

transgression, manner of: 72 
rudistids: 21, 22, 33, 34, 35, 38, 39, 40, 41, 43, 45, 

46, 47, 50, 51, 54, 56, 60, 61, 64, 66, 69, 70, 
72, 74, 76, 79, 90, 104, 116, 124, 127, 176 

Rycade Oil Corporation : 141 
Halff and Oppenheimer Nos. 1 and  2:  111 

S a l ~ i n e  uplift: 150 
salt domes: 145,147,118 
Salt Flat field: 131,133, 138.139 

production: 152 
salt I\ ater : 138 

disnozal system: 137 
samiel ~ h u n e  survev: 140 
San -4ntonio: 138 
San Gabiiel River, Sor th  Fork: 15, 17 

section: 17 
South Fork: 17 

San LIarcos arch: 108 
R ~ Y P I .  17'3 137 - - - - . - - - 

San 3Iiguel e&k fi,eld: 143 
Santa Fe RR. W. W. No. 8, J. L. Myers: 10 
Schorsch, Henry, No. 1, Magnolia Petroleum Com- 

nanv: 143 
~ c h r b e d e r  So.  1, Wilford et al.: 137 
Schumann, H. A., No. 1, H. R. Smith: 148 
Schutt. Roscoe E.: 138 
Scott, Gayie: 7 
Scranton. Dan F. : 23 
Seattle: 11 
secondary: 27 
sections. columnar. Cretaceous formations: 28 

control. ~osaue-  ill Countv: 9. 11 
central ~ e i l  County: 14, i5  

' 

central Williamson County: 14, 16-17 
C o n  ell-hIcLennan County: 12-13 
Hood-Tohnson Countv: 9.10 
 arrant County: 7-9' 

measured : 85-95 
Stratigraphic, I-XX: 19 

Shel21urne. 0. B.: 12.28 
Shelbv Countv: 150 

Roamel, 81. E., No. 1, llagnolia Petroleum Corn- 0il 'Compaiy No. 1 W. C. Windham: 150 
pany : 139 shell beds: 110-111 

Robertson County: 151 debris. coarse and fine: 25,27 
Robinson's Bluff: 98 fragments. in bore holes: 75 
Rock Creek : 102,120 recr) qtallized: 76. 77 
rock-forming particles: 25 Shell Oil Company: 137 
rock terms, definition of: 25,27 shell preser~ation : 65-66 
Roemer, Feidinand: 3 modes of: 206 
Rosa, Bena~ides,  Amerada Petroleum Corpora- Shiflet, F. Elaine: 23 

tion : 148 Shumard. B. F.: 3.5.9 
Ross No. 3, Hosey Oil Company: 140 
Round Rock : 4 
Roxana Petroleum Company : 138 

Jolly Nos. 1 and 2:  137 
Roval Oil C o m ~ a n v  W. H. Tabor: 134 
Rudistaceae: 67,98, 103, 209 
rudistid- 

biohermal reef: 21, 62. 87. 91, 154 
biostromal reef: 21.41. 154 
biostrome: 41,56, 64,74, 178 
dolomite: 27 

, , 
Shupe, Samuel, surve) : 140 
silicification: 22 
silicified dolomite and limestone: 27, 67 
Sinclair Refininr Comoanv: 143 
skeletal limestone, terms : 27 
Sligo formation: 142 
Smith. H. R.: 147 

H. -4. Schumann No. 1 :  148 
J. C. Dilworth No. 1 : 145 
'south Tesas Syndicate 

Smith, Noah, Jr.: 131 
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Smith's Bend road : 123 
Soechting, A. C., lease: 142 
solution: 22,66,80 
S o m e n  ell County : 5 
South Bcsaue: 18  

- . ~  

Souther. J. B.: 131, 116 
Southern Producing Company: 137 
South  Fork of San Gabriel River: 17 
South Tesas Syndicate No. 1, H. R. Smith:  146 

No. 2. Jupiter Oil Company: 147 
Lease 2, No. 1 : 146 
Nos. 3 and 3-D, Ouintana Petroleum Corpora- 

tion : 145 
Spice,  Wm. H., Jr.: 131 
snonge spicules: 25. 190,194 - 
stage:  18 
Stampede Creek: 86, 117.129 
Standard Oil Company of Texas: 131 

J. B. Henry No. 1 : 146 
J .  V. Icaacks No. 1 : 147 
3lr;. Vary Jean D i l ~ ~ o r t b  No. 1: 146 

Stanolind Oil and  Gas Company C. N. 
1 .  146 

Cooke No. 
- .  - - -  

H e n ~ ?  No. 1: 145 
3Iartin No. 1 : 146 
Stuart  City prospect: 146 

S ta te  Reform School: 12.87,91 
Station Creek: 66  
Stenzel. H. B.: 23  
Stillhouse Hollolv Creek: 86 
Storey So.  2, Lee Brothers Oil Company: 117 
stratigraphic features, Edwards formation : 62-68 
stratigraphic nomenclature: 18 
stratigraphic relations, refional: 18 

of Edwards formation : 28-32 
stratigraphic sections: 19 

desc r i~ t ion  of N o s  I-XX: 120-130 
1ocation map of:  106 

s t luctuial  relations: 31-35, 40, 4 1 4 2 ,  46-47, 51, 
6244.64-65 

structure. Imogene: 141 
tectonic: 28 

Tesam Oil Corporation : 147 
"Tesana Beds": 5: 7 
tesana, Cyprimeria: 105, 110,115, 1!7$ 121. 125 

Esogyra: 7, 105, 108, 110, 115, 116, 117, 120, 
121,124,125, 127,222 

clays: 5 
"Tesana Limestone": 9 ,12 
'Tesas GeologicaI Survey: 3 , 7  
Tesas  Soutllern Oil and Lease Syndicate: 133, 

134 
Cartwright Nos. 1-4: 134 
Tllompson Nos. 1 and 2 : 134 

Texas State Railroad Commission: 132, 138, 139, 
140. 142, 150 

The  Glove: 87 
Tlie Tesas Company: 131, 141, 142 

Dallas Wilson No. 1 :  139 
Knohlock welI: 139 

thickness. of Edwards formation: 28-29 
Thompson lease: 133 
Thompson, M. L.. No. I. Hum1)le Oil S. Refining 

Company: 142 
- 

Tesas Southern Oil and Lease Syndicate: 134 
Thompson, S. A.:  4: 6.9,  12,13,107, 108 
Three Rivers: 147 
Tilden: 145, 146, 117 
Tom. .4da, No. 1. Gulf Oil Corporatino: 147 
Tonh C ~ e e k :  93 

traxelce along: 33-38 
Tonk stone quarry: 38 
Toucasia: 36. 41, 16, 18. 65, 97. 98, 100. 102, 209, 

210 
zone: 21 

transcression. manner of rudistid: 72 
~ r a n k . ~ e c o s    ex as: 108 
t~ ax erse. along l l idd le  Bosqae R i ~ e r .  Tonk 

Creek. Bluff Creeb : 33-38 
Trax is County: 210 
trends. deep Edwai d ~ :  132 
Trejino. Desiderio. No. 1. Copano Oil Company 

et al.: 149 
Triangle Drilling Company No. 1 F. 31. Hearne 

et al.: 150 
~ t ~ i a r t  City field a n d  prospect: 146 Triassic sediments: 82 

reef trend: 149 Trinity County: 150 
stylolites: 35,47,51, 53,68! 172 g r o u j ~  : 28,70, 105 
Stylinidae: 98 Rir-er : 5 
subaerial weathering: 40 Troell. Charles T. .  3 0 .  1. Mosbacher et al.: 144 
Sue  Denman No. 1. John Camp: 139 Tucumcari shale member: 108 
Sullivan et al. Carter Nos. 1 and 2: 138 Tul.nerw.ille: 443, 109. 124, 126 

Davis No. 1 : 138 Turritella: 98, 121. 122. 125, 126; 128 
Sun Oil C o m ~ a n y  Knohlock ~vel l :  139 Tyler hasin: 22.28. 31. 70 

synrline: 50,51 
Syndicate field: 146 

Tahor.  T. M.: 23 
'Tabor. 6:. H., Royal Oil Company: 134 
tabular  reef: 97, 101. 103 

typical genera of: 209 
Tafl. J. -4.: 1.7.9.108 
~ancleTrood area.' faulting: 144 

field: 144 
- 

Tar ran t  County: 4, 5 .9 ,111  
control section : 7-9 

Taylor Bedding Mfg. Co. W.W. No. 2, Layne- 
Texas: 15 

Ta>-lor formation: 145, 148 
tectonic structure: 28 
tension cracks: 35  
terminology: 24-27 

lagoon: 22, 72 
T>rol :  82 

unconformity: 21, 33. 39 
base of Kiamichi formation: 116 
l~etrceen Edwards and Kiamichi formations: 

.3 1 . . 
top of Kiamichi formation: 115 

United Korth and South Development Company: 
131, 136 

l iar ines No. I :  135 
United States: 70 
Uni~e l s i t j -  of Wisconsin. Department of Geolegy: 

1 fl7 
A U .  

upIift. regional: 22. 79 
Urbanczvk. L. J.. No. I-.%. Lone Star  Producing 

U. ~ . A r r &  corps  of Engineers: 7 ,12 
U. S. Geological Surxey: 32, 108 
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Valley hlills: 28, 31, 39, 92, 93, 95, 106. 110. 111, 
112. 114. 117. 118. 124, 154. 216 

-Coryell road: 38, 94 
Vanghan, T. W.: 3 
Vick No. 2, Humble Oil 8. Refining Company: 

144 
vugs: 37 

Waco : 4 , s .  107,150 
wacoensis, Kingena: 88, 112, 116, 117, 120, 121, 

122, 123, 124, 125, 126, 127, 128, 129, 222 
Walker. Thomas H.: 132 
Walnut: clav: 105 

-ComancLe Peak contact: 9 
formation: 4, 5, 7, 9, 12, 14, 17, 18. 21. 22. 72, 

89, 91,107 
-Glen Rose contact: 17. 18 
limestones: 70 
-Palus)- boundary and contact: 9, 12 
-Palus)- disconformity: 18 
-Paluxy formations: 150 
-Palus)- interval: 12 
Prair ie  subdivision : 107 
section: 14 

at  Pilot Knob: 17 
shell beds: 7 

Walnut  Springs: 5,9,  11 
walnutensis. Dictvoconus: 36. 48. 49. 50. 53. 

65, 92, '116, i24, 172, 188; 162, 198 
Walton, Joseph: 23 
Washburn field: 146 

ranch:  147 
Washburn Ranch No. 1-A. P h i l l i ~ s  Petrol1 

L 2 

Washita:  108 
group:  28, 31, 70, 98, 107, 120-130 

washitaensis, Gryphaea: 129, 130 
water disuosal: 137. 140 
water flood: 150 ' 
water wells- 

Benbrook Dam No. 1 :  8 
City of Georgetown No. 2: 16 
City of IIoody No. 2: 13 

E. hfison No. 1: 11 
N. P. Powell No. 7: 11 
Santa Fe RR. No. 8 :  10 
Taylor Bedding hIfg. Co. No. 2: 15 

wave-resistance: 69-70 
W. C. Windham No. 1. Shelby County Oil Com- 

pany: 150 
weathering: 40,41,42,52 

effects of: 111-112 
Webb Coilnty: 131 

fields : 148-149 
Weigand Carrizo-Wilcos field: 145 
Weinert. Hilmer H.: 139 
West Production Company No. 1 Boring: 151 
West Shelbyville field: 150 
White Hall: 29,86, 87, 129 

Church: 127 
White Kitchen field: 147 
Whitney Dam: 9, 11, 12. 31, 107, 109. 111, 112, 

121. 122, 123,211 
section: 12 

Whitney. F. L.: 103 
Whitson: 21. 29. 44. 89. 112. 129. 218 
Wilcos: 133' ' 

development: 145 
production: 147 

Wilford et al. No. 1 Scl~roeder: 137 
Williamson County: 4. 52. 62.70.72. 103 

Windsor.: 33, 109, 127 
Winton, W. M.: 1 ,7 ,  8, 111 
Wise County: 7, 115 
Woolsey. E. Vernon: 131. 133 

X-ray diffraction analyses: 23, 57? 58, 60. 82 

Young. Keith: 12, 23, 65. TO, 74 
Youngsport: 168 

Zink, Edman R.: 131 






