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FIELD EXCURSION. EASTERN LLANO REGION 

Virgil E. Barnes 

INTRODUCTION 

Central  Texas combines range of geologic section, quality of natural  
exposures,  diversity of mine ra l  commodities, and cl imate difficult to duplicate 
i n  a n  equivalent a r e a  elsewhere i n  the United States. A few of the m o r e  
interesting localit ies (fig. 1) i n  the eas t e rn  p a r t  of the Llano region, f r  equen.tly 
visited by groups of geologists, a r e  briefly descr ibed i n  the following pages. 

The following list ing of various geologic units recognized i n  the eas te rn  
p a r t  of the Llano region and the rgsurne' were  prepared  so  that each visitor 
can m o r e  readily integrate  the geologic fea tures  seen  a t  each locality into 
the geologic his tory of the region a s  a whole. 

GEOLOGIC UNITS 

Cretaceous 
Lower Cretaceous 

Freder icksburg  division 
Edwards l imestone 
Comanche Peak limestone 
Walnut clay 

Trinity division 
Upper Trinity (Shingle Hills formation) 

Glen Rose l imestone 
Hensell sand 

Middle Trinity 
Cow Creek l imes  tone 
Hammett shale  

Lower Trinity 
Sycamore sand 

Pennsylvanian 
Lower Pennsylvanian 

Strawn group 
Smithwick shale 
Marble Fa l l s  l imestone 
Unnamed phosphorite 



Scale 
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Figure 1. INDEX MAP SHOWING EXCURSION ROUTE AND LOCALITIES. 



Missis sippian 
Barnett formation 
Chappel l imes  tone 

Missis sippian and Devonian 
Houy formation 

Doublehorn shale 
Ives breccia  

Devonian 
Stribling formation 
Pi l la r  Bluff l imes  tone 

Ordovician 
Upper Ordovician 

Burnam l imes  tone 
Lower Ordovician 

Honeycut formation 
Gorman formation 
Tanyard formation 

Staendebach member  
Threadgill member  

Cambrian 
Wilberns formation 

San Saba member  
Point Peak member  
Morgan Creek limestone member  
Welge sandstone member  

Riley formation 
Lion Mountain sandstone member  
Cap Mountain l imestone member  
Hickory sandstone member  

Precambr ian  
Town Mountain granite and other intrusive rocks 
Packsaddle schis t  
Valley Spring gneiss 

/ / 
RESUME 

The Valley Spring gneiss,  the oldest rock recognized i n  the Llano 
region, was originally probably a feldspathic and argillaceous sandstone 
which upon being metamorphosed changed to a pink feldspathic gneiss.  The 
Packsaddle schist ,  a l so  of sedimentary origin, was composed originally of 
shale o r  clay of severa l  types (including some that were  carbonaceous),  
l imestone, perhaps dolomite, and some sands tone. During metamorphism 
these rocks  changed to muscovite schist ,  biotite schis t ,  graphite schist ,  
hornb1end.e schis t ,  marble ,  including calcitic, dolomitic, and magnesitic 
varieties,  and various other  rock types. 



Igneous rocks were  emplaced about 800 to 9 0 0  million yea r s  ago during 
and following metamorphism of the sedimentary rocks.  Those which were  
introduced ear ly  became gneissic,  while other,  most ly l a rge r ,  m a s s e s  (Town 
Mountain granite) either followed the s t ruc ture  of the country rock o r  were  
emplaced with l i t t le regard  to the existing s t ructure.  These la t te r  a r e  batho- 
lithic, coarse-grained m a s s e s  which most ly erode to low featureless  a r e a s .  
The diner grained, smal le r  m a s s e s  r e s i s t  erosion and today f o r m  monadnock- 
like hills much like those present  a t  the s t a r t  of Cambrian sedimentation, 

Several  mi les  of Precambr ian  rock were  removed by erosion before the 
f i r s t  Paleozoic sediments were  deposited on the s i te  of the Llano uplift, These 
sediments were  probably of Middle Cambrian age,  because severa l  hundred 
feet of unfos sil iferous Hickory sandstone a r e  beneath the f i r s t  fossi ls ,  which 
a r e  transit ional Middle to Upper Cambrian fo rms .  The f i r s t  sediments were  
eolian, a s  indicated by wind-abraded pebbles i n  many localit ies a t  the base 
of the Hickory sandstone, especially in the wes tern  p a r t  of the Llano region, 
The dividing horizon between rocks of eolian origin and those deposited in  
water has not been established, However, low in the Hickory, manybeds with 
ice-crys ta l  markings indicate that a t  l eas t  on some f ros ty  Cambrian mornings,  
these beds were  barely awash. About 1,400 feet  of Cambrian rock, including 
limestone, sandstone, si l tstone, and some shale,  accumulated in  a broad, 
bay-like, northwestward-extending a r m  of the ocean, The limestone i s  
dominantly granular  because of l a rge  quantities of fossi l  debris  and much 
coarsely crystall ine,  c lear  calcite cement. Aphanitic, s tromatolit ic reef 
l imestone i s  common i n  the Point Peak and San Saba members ;  the l imestone 
in the San Saba in pa r t  i s  replaced by dolomite. 

Sedimentation was continuous but conditions changed gradually i n  l a t e s t  
Cambrian and ea r l i e s t  Ordovician t ime; therefore,  the boundary between the 
two sys tems is purely a paleontologic one and seldom can be located s t r a t i -  
graphically c loser  than a few tens of feet. The l imestone of the Lower 
Ordovician (Ellenburger) i s  most ly aphanitic, commonly in t rac las  tic, and i s  
thought to have formed in  an  open-sea banks-type environment s imi lar  to 
that of the Bahama Banks today; whereas the granular  l imestone in  the Upper 
Cambrian formed in a broad a r m  of the sea  with the shorel ine nearby. 

The Lower Ordovician rocks a r e  cherty to noncherty dolomites and 
limestones with outcrop thickness ranging f r o m  a maximum of about 1,800 
feet in the southeastern p a r t  of the Llano region to a minimum of 830 feet  in  
the northwestern pa r t  of the region, The various units of the Ellenburger 
a r e  remarkably constant i n  thickness, and the reason  for  the difference in  
total thickness i s  truncation, Truncation was essentially complete by the 
s t a r t  of the Devonian and may  have been accomplished much ea r l i e r ,  a s  
indicated by remnants  of Upper Ordovician (Burnam limestone) preserved  
in collapse s t ruc tures .  The Llano region was awash--f i rs t  in, then out of 
the sea- - f rom the end of the principal truncation to nea r  the beginning of the 
Pennsylvanian. During periods of submersion,  rocks  accumulated; during 



periods of emergence they were  mostly removed, being preserved  only as 
remnants in  collapse s t ruc tures  o r  a s  disconnected lenticles that escaped 
erosion. The Barnett formation (Mississippian) i s  the oldest widespread 
unit to escape destruction by erosion following the long period of near -sea-  
level stability, and i t  too occurs  in  disconnected lenticles in the southeastern 
par t  of the Llano region. The Pennsylvanian units, except for  the phosphorite, 
a r e  widespread and m o r e  uniformly distributed. 

Normal faults related to the Ouachita orogeny formed during the Strawn 
and produced fault blocks most ly tilted l e s s  than 10 degrees.  The initiation 
of the Llano uplift dates f r o m  about this time; i t  may have been rejuvenated 
la ter .  The Paleozoic rocks in  the Llano region, except where preserved  i n  
grabens, were  removed by erosion by the s t a r t  of Cretaceous sedimentation, 
Cretaceous rocks,  s t i l l  very  l i t t le disturbed structurally,  accumulated until 
the Llano uplift was buried; the f i r s t  unit to cover i t  was probably the  Edwards 
limestone. Younger Cretaceous rocks were  probably deposited but there  is 
no record  of them now. The r e s t  of the stratigraphic sequence consists of 
t e r r ace  and alluvial mater ia l s .  In the not-too-distant past ,  erosioii again 
exhumed the Precambrian,  during which time the edge of the Edwards Plateau 
receded. Only out l iers  of the Plateau now remain  along the route of the 
excursion, 
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STOP 1 -- 
Honeycut Bend of Pedernales  River,  Blanco County -- 

Please  r e fe r  to "Geologic m a p  of Honeycut Bend area ,  Blanco County, 
Texas" (fig. 2), and "Pennsylvanian, Mississippian, Devonian, and Ordovician 
rocks,  Honeycut Bend, Blanco County, Texas" (fig. 3). Stay west  of fence 
along western s ide of Archer  ranch. Walk north toward Pedernales  ~ i ; e r ,  
c ross  east-west  fence, and follow fence eastward to bluff along r ive r .  

The following s trat igraphic units c rop  out in  this a r e a :  

Cretaceous 
Lower Cretaceous 

Upper Trinity (Shingle Hills formation) 
Glen Rose l imestone member  
Hensell sand member  

Middle Trinity 
Cow Creek limestone member  

Pennsylvanian 
Lower Pennsylvanian 

Marble Fa l l s  l imes  tone 
Spiculite facies  
Biohermal l imestone and shale facies  

Mississippian 
Barnett  formation 
Chappel l imestone 

Mississippian and Devonian 
Houy formation 

Ives breccia  
Devonian 

Lower o r  Middle Devonian 
Stribling formation 

Lower Devonian 
Pi l la r  Bluff( ? ) l imes  tone 

Ordovician 
Lower Ordovician 

Honeycut formation (upper third of Ellenburger group) 

The thickest section (679 feet) of Honeycut rocks i n  the Llano region i s  
exposed along Pedernales  River ,  The Honeycut formation i s  roughly divisible 
into three  units in  this section- - a  lower alternating l imes  tone-dolomite unit, 



a middle dolomite unit, and a n  upper limestone unit. Only the uppermost 
par t  of the limestone unit will be viewed, The limestone i s  aphanitic, very 
light gray, and in 6-inch to 2-foot beds. Chert, mostly in angular fragments,  
somewhat translucent, gray with an olive-green cast,  i s  ra ther  sparsely 
distributed. On the top surface some brownish, opaque, fossiliferous chert  
contains Hormotoma sp. , Ceratopea cf. C, tennesseensis Oder, and Orospira 
sp. In places the top ledge i s  a coquiniteof Hormotoma, mostly unsilicified. 

A pocket of impure yellowish-brown limestone enclosed by the Ellen- 
burger s t ra ta  has been assigned to the Pi l la r  Bluff(?) limestone. The 
evidence of the fossi ls  alone i s  equivocal, and the rock could be Helderberg, 
Oriskany, Onondaga, o r  even Silurian age, but the Stribling formation i s  
early Onondaga. There i s  no evidence that the mater ia l  in question reached 
i ts  present  position through an  opening that penetrated the Stribling formation, 
thus representing s t r a t a  that former ly  overlay the Stribling rocks but a r e  
now absent f rom this vicinity, Moreover, there i s  l i t t le resemblance between 
the fauna of the pocket and that of the Stribling formation itself,  so i t  i s  
unlikely that the pocket filling represents  Stribling rocks. Therefore, one 
can infer that the filling sediments were deposited in  the pocket before 
Stribling time. The only pre-Stribling Devonian s o  f a r  known in central 
Texas i s  the Pi l la r  Bluff limestone, and the fossi ls  f rom the pocket a r e  
compatible withassignment to the fauna represented by those contained in the 
Pillar Bluff limestone a t  the type locality. 

The Stribling formation, about 10 feet thick, is a microgranular  l ime- 
stone, medium light gray  ranging to reddish gray and yellowish gray with a n  
olive-gray cast.  The basal 2 inches i s  yellowish g ray  and contains sand 
grains.  Bedding i s  i r regularly lenticular f rom a lmost  f iss i le  to 6 inches 
thick. Except for the lower 2 feet the rock i s  mostly cherty; the chert,  
translucent to subtranslucent in upper part ,  ranges downward to opaque in  
lower part ,  brownish to grayish, and occurs  a s  i r regular  lenses and false 
joint fillings . 

The Ives breccia member  of the Houy formation, about 18 inches thick, 
i s  composed mostly of angular cher t  fragments and a smal l  amount of phos- 
phatic limestone matrix.  The rounded pieces of cher t  in the Ives appear to 
be unbroken cher t  nodules ra ther  than water-worn chert  pebbles. The p re -  
dominance of angular pieces may be due to disintegration of the chert  along 
incipient f rac tures .  It seems likely that the Ives a t  this point i s  a n  accurnu- 
lation, essentially in place, of the insoluble constituents of the Stribling 
formation. Conodont- and bone-bearing phosphatic and calcareous beds a r e  
associated with the Ives in severa l  places in  the eas tern  pa r t  of the Llano 
uplift. Such a n  occurrence was exposed he re  by the record-breaking flood of 
1952. At locality 2-421, north of the r iver ,  a bed a few inches thick composed 
almost entirely of conodonts i s  weakly radioactive. 



The Chappel l imestone i s  present  a t  only a place o r  two in  this a r e a .  
The best  exposure i s  a c r o s s  the fence on the Archer  ranch between the foot 
of the bluff and where the c a r s  a r e  parked, It i s  only about a foot thick, i s  
brownish g r a y  and crinoidal, the crinoid columnals being mostly smal le r  
and l e s s  distinct than i n  the overlying biohermal unit of the Marble Falls.  

Until the flood of 1952 the neares t  exposure of shale of the Barnett  
formation was severa l  mi les  to the northeast  a t  Elm Pool, Now there  is an  
exposure about 2 miles  downstream in the bed of the Pedernales  River. 
Exposed h e r e  a t  the same  t ime i s  a pocket of glauconitic mater ia l  in  the 
Stribling formation s imi lar  to the basal  few inches of the Barnett  in  the 
exposures~ jus t  mentioned. Dr ,  W. H. Hass,  U. S. Geological Survey, repor ts  
obtaining conodonts f rom the upper faunal zone of the Barnett  formation i n  a 
quarter-inch crack-filling in  the basal beds of the Stribling formation. 
Numerous crack-fillings in  the Ellenburger may  a lso  be f r o m  the Barnett  
formation. 

The lower biohermal unit of the Marble Fa l l s  l imestone i s  composed of 
bioherms of l imes  tone in terspersed  with distinctly bedded l imes  tone and 
blackshale and a 21-inch black shale  bed a t  the base, which has  considerable 
la te ra l  persis tence.  A thin phosphatic zone is a t  the base of the shale. Foss i l s  
collected 12 years  ago f rom the biohermal unit a r e  regarded by Dr,  G.A.  
Cooper, U. S. National Museum, as of Morrow age. This unit crops out fo r  
about 1.5 mi les  northeastward but only in  l imited outcrops beyond, 

The overlying spiculite unit i s  dark  g ray  and calcareous;  in  thin section 
i t  i s  seen to be a m a t  of spicules in  a calcareous groundmass.  Where 
leached a t  the outcrop, i t  ranL:es in color on f r e s h  breaks f rom white to 
yellowish g ray  o r  even yellowish orange o r  darker  depending on the amount 
of i ron ,  

The Stribling and Honeycut rocks a r e  truncated by the overlying 
Mississippian and Pennsylvanian rocks,  and at l eas t  100 feet  of truncation 
canbe  demonstrated within the map a r e a ,  All of the Paleozoic units descr ibed 
a r e  truncated within a shor t  distance by flat-lying Cretaceous rocks,  The 
immediately overlying unit of the Cretaceous i s  the Cow Creek limestone, 
which wedges out against  Honeycut rocks within the m a p  a r e a .  F r o m  h e r e  
westward mostly Hensell sand and r a r e l y  Glen Rose l imestone r e s t  direct ly  
on the Paleozoic rocks.  No m o r e  Cow Creek l imestone i s  present .  

The Hensell sand member  of the Shingle Hills formation fo rms  the 
bench on which the c a r s  a r e  parked, The Hensell sand i s  mostly poorly 
sortedand composedof a wide varietyof mater ia l s  including cobbles, pebbles, 
granules, sand, si l t ,  clay, variously mixed, and in addition a n  appreciable 
amount of calcareous mater ia l ,  which becomes m o r e  abundant upward until. 
the Glen Rose l imestone is reached. The basal  p a r t  of the Hensell i s  reddish, 
the color rising s t rat igraphical ly  westward toward the ancient shore.  The 



top pa r t  of the Hensell i s  gray, and the boundary between the two color 
phases fo rms  a n  i r regular  la tera l  a s  well a s  vertical transition. The Hensell 
sand i s  a shoreward facies  of the Glen Rose limestone; eastward i t  disappears; 
westward the top of the Hens ell r i ses  higher and higher until no Glen Rose 
limestone remains.  The base of the Hensell a lso becomes younger a s  i t  
climbs the Llano uplift westward. 

The Glen Rose limestone i s  a n  alternating se r i e s  of hard, but mostly 
impure, limestone beds with softer,  marly,  shaly o r  sandy beds. This 
altqrnation of soft and hard  beds causes the character is t ic  s ta i rs tep  topogra- 
phy of the Glen Rose. The basal bed of the unit fo rms  a bench a short  distance 
south of the road. A thickness of severa l  hundred feet of Glen Rose beds 
crops out between here  and the divide a mi le  o r  so  to the south. Westward 
the Glen Rose limestone thins a s  beds a t  i t s  base grade to terrigenous mater ia l  
toward the ancient shore. A bed to the south near  the middle of the Glen 
Rose i s  characterized by the fossil  Corbula; westward a t  Hye the Corbula 
bed becomes the basal bed of the Glen Rose and a short  distance beyond the 
Gillespie County line it disappears,  being replaced by Hensell sand. Near 
Cross Mountain a t  Fredericksburg, only 55 feet of Glen Rose remains and 
5 miles  north of Cross  Mountain it has graded entirely to Hensell sand. 
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Figure 3. PENNSYLVANIAN, MISSISSIPPIAN, DEVONIAN, AND ORDOVICLAN ROCKS, 
HONEYCUT BEND, BLANCO COUNTY, TEXAS. 



STOP 2 -- 
High-calcium Limes  tone Reef, - Marble Fal ls  - Burnet Countv 

Please  re fer  to "Geologic m a p  of a n  a r e a  in  vicinity of Marble Fa l l s ,  
Burnet County, Texas" (fig. 4), and to "Lithology and insoluble residues of 
Marble Fa l l s  l imestone i n  type sect ionn (fig. 5). A distant view of the reef 
may be obtained f r o m  the vicinity of Marble Fa l l s  dam. Units exposed within 
the map a r e a  include the following: 

Penns ylyanian 
Lower Pennsylvanian 

Smithwick shale 
Marble Fa l l s  l imestone 

Mississippian 
Barnett  formation 
Chappel l imes  tone 

Missis sippian and Devonian 
Houy formation 

Ives breccia  
Ordovician 

Lower Ordovician (Ellenburger group) 
Honeycut formation 

The Marble Fa l l s  dam r e s t s  on beds of microgranular  dolomite in  the 
middle dolomitic facies  of the Honeycut formation. The microgranular  
dolomite i s  essentially f r e e  of cavities and provides a n  excellent base f o r  
the dam. Limestone dipping beneath lake level a t  the northern end of the 
dam i s  cavernous but has  been effectively sealed, as li t t le water i s  l o s t  
around the dam. 

The main purpose of this s top i s  to examine a portion of a high-purity 
limestone reef in  the Marble Fa l l s  l imes  tone. The high-purity l imestone was 
f i r s t  recognized in 1951 while the wr i t e r  was measuring, sampling, and  
describing the type section of the Marble Fal ls  l imestone before i t  was 
submerged by the lake behind Marble Fa l l s  dam. 

The reef l imestone i s  fine-grained and dense, and in thin section a 
number of foraminifera,  a few gra ins  of detri tal  calcite, and calcit ic spicules 
Can be seen, These spicules appear  entirely s imi lar  to sil iceous ones in  the 
Surrounding and overlying beds except that they a r e  calcite,  The reef  i s  well 

on the north bank of Colorado River, i t s  outcrop is shown on figure 4, 



and i t  i s  estimated that 6 to 10 million tons of high-purity l imestone a r e  
present,  The manner  i n  which the reef differs f rom the r e s t  of the Marble 
Falls l imestone i s  shown on figure 5, which shows lithology and amount of 
insoluble residue. The i-eef contains very l i t t le insoluble residue, yet la teral ly  
i t  grades into rocks whichare  a s  impure  a s  those above the reef in  the diagram. 
It i s  puzzling how a l imestone so  pure  could have formed in a sea  which a t  the 
time was depositing l imestone so high in  sil ica.  

Analyses of the reef l imestone follow. 

Chemical Composition of Reef i n  Lower P a r t  of Marble Fa l l s  
Limestone a t  Type Section (in percent)  

1 Feet above 

I bas e 

1 95-1 15 
; 
I 75- 95 

I 55- 75 
35- 55 

5- 20 
Average 

CaO - MgO 

54,33 0,97 
54,45 0.83 
54,45 0.84 
54,33 0.91 
54.21 1,05 
54.35 0.93 

Ignition 
los s  Total 

In 1953, as a d i rec t  resu l t  of the publication of f igure 4 and these 
chemical analyses ,  a qua r ry  was opened i n  the reef l imestone north of the 
river where the outcrop is nar row and the overburden away f r o m  the outcrop 
is excessive The qua r ry  was opened by V. E. Childers ( P u r e  Stone Company) 
at  this location because of a favorable lease ,  even though the qua r ry  s i te  is 
unfavorable, and the qua r ry  i s  n e a r  the margin of the reef where tongues of 
impure rock might complicate the quarrying. Visual examination of the out- 
cropand exploratory drilling gave no hint of the cavernous condition existing. 
The caverns,  well exposed a t  the south end of the quarry,  a r e  most ly filled 
by silty and sandy r e d  clay probably introduced ei ther  during the t ransgress ion  
of the Cretaceous s e a  o r  during the present  erosional cycle. Since the base 
of the Cretaceous nea r  the qua r ry  was only a few feet above the highest p a r t  
of the present  surface,  a qua r ry  s i te  lower topographically might be f r e e  of 
Such mater ial .  

Underground mining was originally considered beyond the l imit  where 
quarrying was economical, but when i t  was found that na r row cracks  in the 
Overlying extremely sil iceous Marble Fa l l s  led into most ly filled caverns i n  
the l imes tone beneath, plans were  made fo r  t ransfer r ing  q u a r r y  operations.  
Late in  1955, exploratory dril l ing was followed by the opening of a qua r ry  in  
a rather pure, mass ive  zone in  the Honeycut formation, shown on f igure 4. 
It was found that this l imestone is of uniform quality and, even though i t  



I contains about 2 percent si l ica,  i s  desirable  fo r  g lass .  In mid-1957 the 
entire operation was shifted to the qua r ry  in  the Honeycut formation, where 
percussion drilling on a wagon dr i l l  i s  used, and blasting i s  with ammonium 
nitrate activated by dynamite, A 2-yard Pettibone-Mullikan bucket loader 
was found to be versat i le  a s  i t  could be used a t  both the qua r ry  and the plant. 

The plant, situated along a rai l road spur  in  Marble Fal ls ,  i s  equipped 
with a 50-40 Dixie hammer  mi l l  feeding to two 4 x 10 Tyler-Hummer screens  

I 1 where the -16 mesh  is removed and the overs ize  ( t16  m e s h  to -z inch) goes 

I 
to a 30-inch Williams hammer  mi l l  in closed circui t  with the Tyler-Hummer 
screens.  P a r t  of the -16 mesh  i s  fed to three Sweco sc reens  to take off the 

1 -40 mesh.  Aeration removes most  of the dust f rom the remaining - 16 mesh,  
I 
1 and this dust and other dust f rom the operation i s  collected using Cyclones; 
1 it i s  then fed back to the Sweco sc reens  to remove foreign ma t t e r .  All the 
1 -40mesh mater ia l  f rom the Sweco sc reens  is fed to a Raymond air separa tor ,  
\ which removes about two-thirds of the -200 mesh.  The plant produces 40 
1 

i tons pe r  hour distributed among the following products:  
1 

- 16 mesh, most  of dust removed- -for g lass  manufacture 
-40 mesh, with maximum of 25 percent  -200 mesh-- for  asphalt  t i le 

and shingles 
-200 mesh--for  whiting substitute for  texture paints and other  uses  
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''gUre L l T H O L a Y  AND INSOLUBLE RESIDUES O F  MARBLE FALLS LIMESTONE IN T Y P E  SECTION. 





The quarry, f i r s t  operated by prison labor, was opened for  stone to 
construct the Texas Capitol building in Austin. The Texas Pink Granite 
Company took over tke operation of the quarry in  1893 and up to 1940 shipped 
between 33.5 and 3 4  million tons of stone f rom Granite Mountain, Several 
million cubic feet of this granite was used in  New York and may be seen in  
such buildings a s  the Whitney Wing and East Wing of the American Museum 
of Natural History and the Grand Central Station. The stone was also used 
in the Times Buildingp Los Angeles; the Northwestern Life Insurance Building, 
Seattle; the Leif Erickson Memorial, Iceland; numerous tombs and mauso- 
leums in New Orleans; and f o r  seawalls and jetties along the Gulf Coast of 
Texas and Louisiana. 

During 1950, the Texas Granite Corporation, of which Mr. H. Lo Hicks 
is General Manager, acquired Granite Mountain. This company i s  a sub- 
sidiary of the Cold Spring Granite Company, Cold Spring, Minnesota, which 
operates quarries in severa l  other places in  the United States. Such a n  
integration of companies seems ideal for  marketing. 

Since the Texas Granite Corporation began operations a t  Granite 
Mountain, stone valued a t  about $600,000 has been used in the Los Angeles 
County Courthouse and valued a t  about $350,000 in each of the Prudential 
Life Insurance Buildings, Houston, Texas, and Minneapolis, Minnesota. 
Since 1950, this stone has gone into s tructures in practically every s tate ' in  
the Union. The .new State Office Building and the new Courts Building in 
Austin, under construction, a r e  to be faced with Granite Mountain stone, 
Stone i s  also produced for jetties and similar  uses.  

Between 110 and 115 Texans living within the Marble Fal ls  trade a r e a  
are now employed by the Texas Granite Corporation, and about 30,000 square 
feetof finished stone areproduced per  month. At the present  time, quarrying 
is accomplished by channeling, but wire sawing is soon to be introduced. An 
innovation, possibly practiced only a t  the Granite Mountain quarry, i s  the 
burning of channels, using oxygen and kerosene. P e r  unit length, such 

i s  much more  expensive than by conventional methods; therefore,  
it is used only for  freeing large  blocks a hundred feet o r  so  in  s ize to relieve 
Strain SO that the granite can be cut by conventional methods without binding. 

Finishing is conventional except that a unique method of producing a 
attractive natural cleavage finish has been perfected. The surface of 

the stone is heated by a torch in  conjunction with water a s  a coolant with 
the result that a thin layer  of the granite flakes off to the natural mineral  
c l e a ~ g e s  in a snow of flakes a s  the torch progresses.  
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Of Soil Conserva t ion  S e r v i c e ,  a e r i a l  pho tographs  flown by P a r k  A e r i a l  S u r v e y s .  l n c . .  
1939-1940 Geology by Vi rg i l  E .  B a r n e s  and  T .  A. A n d e r s o n .  1951. 



STOP 4 - 
Base of Cambrian, Slaughter Gap, Marble Fal ls  Area, Burnet County -- - -- 

Please  re fer  to "Geologic map of a n  a r e a  in  vicinity of Slaughter Gap, 
Burnet County, Texas" (fig. 7 ) .  In addition to faulting, this map  clear ly 
shows the relief on the Precambr ian  surface at the t ime the Hickory sandstone 
was deposited. The exfoliation domes of granite now surrounded by Cambrian 
rocks stood severa l  hundred feet above the general level of the surrounding 
granite a t  the t ime the Cambrian s e a  t ransgressed.  

The prospect pits and dr i l l  holes near  the middle of the map a r e  in  Cap 
Mountain limestone, which overlaps two of the domes. Galena is ve ry  sparse ly  
distributed locally in  the Cap Mountain l imestone near  the granite.  

The contact between the Hickory sandstone and the Town Mountain 
granite i s  not exposed i n  the vicinity of the stop; the manner  i n  which the 

I large sandstone blocks a r e  draped suggests that they a r e  riding downward 
i 

on disintegrated granite possibly formed before the sandstone was deposited. 
The very coarse-grained, pink granite which i s  pa r t  of the Granite Mountain 
granite m a s s  is overlain by pinkish-gray, slightly cross-bedded, conglom- 
erat ic  Hickory sandstone consisting mostly of smal l  pebbles and granules of 
quartz and microcl ine i n  a fine to very coa r se  sand matr ix;  all par t ic les  a r e  
angular except for  slight rounding of the smallpebbles.  A few l a rge r  pebbles 
mostly in float blocks of sandstone a r e  probably slightly wind abraded. The 
contact a t  this point is fair ly  low on the Precambr ian  surface,  a s  indicated 
by the abundance of l a rge  microcline fragments in  the sandstone. However, 
the paucity of l a rge  quartz  pebbles suggests that this i s  not the lowest point 
on the old landscape. 

The base of the Hickory sandstone i s  a l so  fair ly  well exposed in  an  
a r e a  of low relief, and this contact may  be reached by continuing f r o m  Stop 4 
northward to Fairland, then going eastward 0.85 mile. Large blocks turned 
over during road construction reveal  that the Hickory sandstone i s  "porphy- 
ri t ic" with closely spaced, large,  zoned, microcline "phenocrysts". 





STOP 5 -- 
Texas Construction Material  Company, 

Burnet Stone Division Quarry,  Burnet County - 

Please refer  to "Geologic map  along p a r t  of U. S o  Highway 28 1 and f rom 
Burnet to Mormon Mill, Burnet County, Texas" (fig, 8). The qua r ry  i s  along 
the railroad about 3 miles  south of Burnet, Rock f rom severa l  geologic units 
is produced in  this one quarry,  including a ra ther  pure,  coarse-grained 
dolomite in the San Saba member  of the Wilberns formation (western floor of 
quarry); aphanitic l imes  tone, i n  p a r t  dolomitic, probably in  the Threadgill 

member of the Tanyard formation of the Ellenburger group (northwestern 
edge of quarry); cherty, fine-grained dolomite probably in  the San Saba mem-  
ber (beneath the l imestone);  and cherty and very slightly sandy, very  fine- 

grained to microgranular dolomite i n  the Gorman formation of the Ellenburger 
(east of the fault). 

The quarry, opened i n  1948 by Houston Clinton, was acquired January 1, 
1958, by the Texas Construction Material  Company; this operation i s  known 
as the Burnet Stone Division, and Ramsey Clinton i s  General Manager. 

The quarry operation requi res  very l i t t le stripping. However, this 
advantage i s  countered by the qua r ry  bottom being beneath ground-water 
level. It i s  necessary to operate  continuously two electrically driven pumps 
having a combined capacity of 750 gallons pe r  minute. P a r t  of this water  
is used in the operation. 

Gardner-Denver dr i l l s  a r e  used to make  holes 5 inches in diameter to 
the depth of the quarry;  each hole i s  loaded with 500 pounds of ammonium 
rutrate and 300 pounds of dynamite. After the init ial  blast  and some secondary 

the rock i s  loaded into Euclids by a 2 $ - ~ a r d  Northwest shovel and 
to a 30 x 42 Pioneer c rushe r  installed on the qua r ry  floor, where the 

U"dersized i s  screened out before the r e s t  passes  through the c rusher .  The 
flow sheet beyond the c rushe r  i s  shown in  figure 9 .  P a r t  of the production 
passes through the plant without additional handling and i s  loaded directly into 

cars ;  the r e s t  i s  stockpiled. Riprap, produced only f r o m  the l ime-  
stone, does not pass through the plant. 

As shown on the flow sheet,  chemical stone, a f te r  init ial  crushing, is 
Processed separately. This is mostly used fo r  s tee l  mi l l  fluxing rock and 

purposese The r e s t  of the production i s  mostly f o r  ra i l road  
highway and concrete aggregates,  and f i l ter  media.  The highway 

include ten grades  o r  s izes  of aggregate as well as hot-mix 

I 
aggregate, 



I 
i 
I 

production f r o m  1952 to 1957 inclusive amounted to about 3 million tons, 
I of which between two-thirds and three-fourths was used for construction and 

maintenance, between one-sixth and one-fifth fo r  chemical stoned and the 
rest  for other purposes. Reserves of chemical stone a r e  between 5 and 10 
million tons and of other types stone, approximately 10 million tons. 
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OPTIONAL STOP 

Mormon - Mill Locality, Burnet County 

Please refer  to "Geologic map  along p a r t  of U. S. Highway 281 and f rom 
Burnet to Mormon Mill, Burnet County, Texas" (fig. 8) and to "Geologic map  

of an area  i n  vicinity of Mormon Mill, Burnet County, Texas" (fig, 10). A 
fault of about 2,000 fee t  displacement i s  well displayed a t  the edge of a pictur - 
esque pool in Hamilton Creek, formed in soft Pennsylvanian rocks.  The 
upthrown side a t  this point is dolomite of the Threadgill member  of the 
Tanyard formation i n  which Hamilton Creek has  cut a solid-rock gorge, 
Hamilton Creek fo rmer ly  flowed southwestward f r o m  Mormon Mill through 
the broad valley bottomed by alluvium (fig. 10). Before i t s  capture i t  entered 
Colorado River a t  Marble Fal ls ;  now i t  empties into the Colorado about 5 
miles downstream. 

PCbbles, now indicated only by molds, i n  steeply dipping sandstone beds 
at the edge of the pool m a y  have been of Marble Fa l l s  l imestone s imi lar  to 
pebbles found in sandstone elsewhere i n  this a rea .  Such pebbles indicate that 
the Marble Falls was exposed to erosion at the t ime these pebbles formed 
and that the beds containing them mus t  be younger than the Marble Fal ls--  
Smithwick sequence. The sandstone, therefore,  m u s t  a t  l eas t  be Strawn in  
age. 

Massive sandstone a t  the lower end of the pool i s  in sha rp  folds; 300 
Yards downstream the folds a r e  gentle. Still f a r the r  downstream, a t  a point 
designated on figure 10, thin sandstone beds in  shale a r e  in overturned folds 
which in places have broken to f o r m  thrust  faults, The folds indicate corn- 
pression, whereas the fault  a t  Mormon Mill indicates tension; both a r e  
believed to be related to the Ouachita orogeny. The fault perhaps formed 
first; if this i s  true, then the mass ive  Ellenburger would have formed a 
buttress against which the sof te r  Pennsylvanian rocks were  deformed. 

The foundation of the mill, f r o m  which this locality received i t s  name, 
is situated near the fault. A commemorative monument describing the e s -  
tablishing here  of a Mormon colony m o r e  than a century ago is onhigh ground 
about feet  to the east .  The monument is on a burnt-rock mound belonging 

One of the ear l ie r  Indian cultures.  
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lgure  lo. GEOLOGIC OF AN AREA, IN VICINITY OF MORMON MILL,  B U R N E T  COUNTY, TEXAS. 

EXPLliNAT1O' The geologic units mapped a r e  shown by the foliowing le t te r  symbols:  Quaternary  deposits--  a l luviuml  d 
rocks- -s t rawn g r o u p ( ? ) ,  C s t ( ? ) ;  Ordovician rocks- -Tanyard  formation including 

Olomitic facies  of the Staendebach m e m b e r ,  0 t s ( r n g ) ,  and dolomitic facies of the Threadgil l  m e m b e r .  Ott(mg):  
Cambrian rOcks--dOIOmitic fac ies  of the Sari saba member ,  e w s ( m g ) .  The symbol + 5 -6ZA indicates the location Of a fossil 

Base f rom U. S. ~ ~ ~ a ~ t ~ e n t  ofAgr icul ture  Soil Conservation Service,  a e r i a l  photographs 
by Park Aerial Surveys, hc., 1939-1940. Geology by Virgil E. Barnes  and Lincoln &. Warren. 1945. 



STOP 6 -- 
Southwestern Graphite Company, Burnet County 

Please re fer  to "Geologic map  of the Clear Creek a r e a ,  Burnet County, 
Texas" (fig. 11) and "Geologic map  of Southwestern Graphite Company prop- 
erty, Burnet County, Texas" (fig, 12) .  The graphitic schis t  is distributed 
in sucha manner a s  to suggest strongly t:-at thegraphi te  is f r o m  carbonaceous 
beds deposi°ted in the sedimentary sequence f rom which the Packsaddle schis t  
formed. The graphitic zone i s  most ly thin except locally; where thickened, 
the masses  may be caused by migration of graphitic ma te r i a l  to low-pr e s  s u r e  
areas during folding Other rocks i n  the Packsaddle sequence within the a r e a  
of figure 11 include hornblende schist ,  amphibolite, mica  schis t ,  tourmaline 
schist, and marble ,  

The Southwestern Consolidated Graphite Company, formed a.bout 19 16, 
established a mill  along Clear Creek about 9 mi les  west of Burnet,  This mi l l  
burned in 1927 and was replaced by a plant equipped with oil-froth flotation 
machinery and an electrostat ic  separa tor  Production continued until some 
time in 1929, 

According to Robert  P. Miller, J r  , Vice-President and General Man- 
ager, the property was acquired in 1935 by the Miller and Clelnson in teres ts  
and a t  the request of the War Production Board again produced graphite f r o m  
fie property in 1942, Production has continued s ince then, except during 
l954 and the f i r s t  qua r t e r  of 1955. During the period of plant inactivity, 
sufficient graphite was on hand to fi l l  all o r d e r s .  

All the graphite produced has been sold for  industr ia l  u se  except p a r t  
the production f rom 1948 to 1953 which was for  the Government s.iockpile. 

of graphite until mid- 1949 were  through brokers ;  a t  that t ime a sa l e s  
Organization was formed,  resulting in  improved sa les .  

The o re  i s  produced by s tandard open-pit methods; 18-foot benches a r e  
2.25-inch holes 18 fee t  deep a r e  dr i l led by a dr i f te r  mounted as a wagon 
and blasting i s  with dynamite. About 20 y e a r s '  supply of open-pit o r e  

remains 

Milling consists of crushing, grinding, and flotation designed to remove 
most of the graphite and s t i l l  yield a super ior  grade  of finished product,  The 
O r e  averages about 4.5 to 5 percent  graphite, and improved technology in  the 
'Iant 96 to 97 percent  graphi te  to be recovered  f o r  special  uses .  F o r  

-30- 



many uses the graphite need not be this pure. All grades of graphite a r e  now 
producede except that specifications of a larger  flake size for certain t iper 
of preclude the use of this graphite a t  present in such crucibles. 

Water for the operation ordinarily must be pumped 2 miles from Inks 
Lake and raised about 150 feet, but since the end of the drought Clear Creek 
has furnished some of the supply. 
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STOP 7 -- 

Quarr ies  in  Cedar P a r k  L imes  tone, Travis  and Williams on Counties --- - 

Limestone has been used for  m o r e  than a hundred yea r s  for  building i n  
cent ra l  Texas; however, i t  was not until 1929, when Texas Quarr ies ,  Inc., 
s ta r ted  operation in the Cedar P a r k  a r e a ,  that the use  of Texas l imestone 
became nationwide. Because of the economic importance of this ra ther  thin 
l imestone unit, which is p a r t  of the Walnut clay, i t  has been named the Cedar 
P a r k  l imestone member  of the Walnut clay. 

The limestone, mostly 10 feet  o r  l e s s  in  thickness, i s  oolitic and i n  
addition to ooids contains microfos s i l s  and finely comminuted fossi l  debr i s ,  
In places beneath the oolite, a distinctive l imestone up to 4 feet  thick contains 
exquisitely preserved  cas t s  of Trigonia: 

The following proper t ies  of the Cedar P a r k  l imestone a r e  quoted f r o m  
a sa l e s  brochure of Texas Quarr ies ,  Inc. ; t es t s  made  by Southwestern Labo- 
ra tor ies ,  Dallas, Texas. 

Chemical analyses  (in percent)  - - 
Oolitic l imestone Shell l imestone 

SiO . . . . . . . . . . . . .  0.32 0.25 
Fe203  and A1203 . . . . . .  0.38 0 - 4 2  
CaO . . . . . . . . . . . . .  55.88 56,08 
SOj , , : . . . . a . . . . . 0.16 0.13 
Ignition lo s s . . . . . . a m .  43.75 43.88 

Weight i n  pounds p e r  cubic foot dry- -  

Oolitic l imes  tone 
Shell l imes  tone 

Absorption in percent- -48-hour soak- - 

Oolitic l imestone 
Shell l imes  tone 

By weight 
11,5 

By volume 
22.7 
13.4 



Absorption in  percent--5-hour boil-- 

By weight 
Oolitic l imes  tone 13.4 
Shell l imestone 8.6 

Ultimate tensile strength- -pounds p e r  square  inch-- 

Oolftic l imes  tone 

Para l le l  to 
bedding plane 

398 
Shell l imes  tone 388 

By volume 
26.6 
18.2 

Ultimate compressive strength--pounds p e r  square  inch-- 

bedding plane 
243 

Dry stone 
Oolitic l ime  s'iune 
Shell l imes  tone 

Wet stone 
Oolitic l imes  tone 

Para l le l  to Perpendicular to 
bedding plane bedding plane 

2,517 2,070 
1,629 -2,005 

Shell l imes  tone 1,783 1,130 

Figures  a r e  not available fo r  total production of stone f rom this a r e a ;  
however, on the basis  of a r epor t  i n  a n  unpublished University of Texas thesis  
that about 300,000 cubic feet  of stone was produced by one company during 
1950, i t  i s  possible that total production has reached 10 million cubic feet. 

The outstanding example of the use  of the shel l  l imestone i s  probably 
the San Jacinto Memorial  nea r  Houston, which r i s e s  570 feet  above the s u r -  
rounding battlefield. Both the shel l  and oolitic l imestone can be found in 
buildings a c r o s s  the Nation--from May Department Store in Los Angeles to 
the Shamrock Hotel in  Houston to the Pelham Bay Memorial on Long Island, 
New York. Popular both fo r  in te r ior  and exter ior  decoration, it has  been 
usedin  such widely d iverse  places as the Central Methodist Episcopal.Church, 
Brooklyn, New York, and on the luxury l ine r s  ~ n d e ~ e n d e n c e  and Constitution 
of the American E.xport Lines.  This stone has been used throughout the 
United States i n  pos t-offic e, courthouse, and other governmental and p r i -  
vately owned buildings too numerous to l is t .  Locally, the l imestone has been 
used in  hundreds of homes, the Travis  County Courthouse, and i n  the Texas 
Union, Hogg Memorial  Auditorium, Texas Memorial  Museum, Archi tecture 
Building, and Music Building, all on The University of Texas campus.  



At present ,  Texas Quarr ies ,  Inc , ,  according to one of their  brochures,  
"has available m o r e  than four thousand a c r e s  of proven qua r ry  property,"  
and, according to Mr. W. D. Johnson, President ,  a t  l eas t  40 yea r s '  supply 
is in sight. The stone i s  marketed under three  different classifications-- 
Cordova Cream, oolitic l imestone of most ly light c r e a m  color and mostly 
free of shell  markings and voids; Cordova Shell, a shelly l imestone with 
numerous fossi l  casts ,  in pa r t  a lmost  white and in  p a r t  of a "golden color 
with a pleasing range of color intensity"; and Cordova Travertone, having 
much the appearance of the Cordova Cream but with "z  scattering of smal l  
shell and voids." 

The quarr ies  a r e  situated in  a relatively flat a r e a  with the outcropping 
edge of the Cedar P a r k  l imestone most ly forming a l ip  f o r  the deeply incised 
a r e a  bordering Colorado River .  Overburden ranges f r o m  a lmost  none to a s  
much a s  60 feet. Following stripping, a 30-ton guy de r r i ck  with a 70- to 
100-foot boom and a 30-ton three-drum electr ic  hoist i s  erected, and the 
surrounding stone i s  quar r ied  in  125-foot squares .  Electr ic  channeling 
machines with channeling b a r s  8 feet  4 inches a p a r t  a r e  operated on ca re -  
fully aligned t racks to make channels 2 inches wide for the length of the 
square.  The t rack  i s  then skidded 4 fee t  2 inches to one side and a second 
pair  of channels made, producing in all three blocks o r  "cuts, " The channeling 
machines a r e  turned a t  r ight angles, and the three  cuts a r e  divided into blocks 
that can be handled by the der r ick .  After these blocks a r e  removed, the r e s t  
of the square  i s  channeled into 125-foot cuts which a r e  f reed  a t  each end, 
usually cut i n  the middle, then wedged off a t  the base before turning on their  
sides,  where they a r e  dril led and wedged into blocks that can be handled by 
the derr ick.  

The qua r ry  blocks a r e  sawed to specified thicknesses i n  the nearby 
cutting shed, using gang saws of s tee l  faced with ha rd  metal .  The sawed 
slabs a r e  then shipped to the finishing plant i n  Austin, where they a r e  milled 
to specification. Milling is classified into four general  types - -plain ash lar ,  
straight moulded work, a combination of planing and hand cutting, and turned 
work. F o r  plainashlar  work the s labs,  previously sawed to  c o r r e c t  thickness, 
a r e  ripsawed to course  height, using a c i rcu lar  s tee l  blade se t  with replace-  
able  diamond teeth, Next, the course  height i s  planed to exact dimension and 
the face i s  planed. Straight moulded work differs only in  that special  tools 
of the shape des i red  f o r  the finished work must  be made  for  use  in  the planer.  
Combination of planing and hand cutting i s  used where surfaces,  such a s  i n  a 
simple lug sill,  mus t  be planed below the level of the stone at ei ther  end, 
After  planing, the r e s t  of the surface i s  finished by hand, Turned work, a s  
the name implies,  i s  cut on a lathe. 


