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PURPOSE AND SCOPE 

W. E. Galloway and Thomas C. Gustavson 

Integrated,  detai led,  and comprehensive study of the  physical s t ra t i -  
graphy, tec tonic  history, hydrogeology, geomorphology, and resource 
potential  of the  Palo Duro and Dalhart  Basins, Texas Panhandle, is 
pa r t  of a national evaluation of ancient  sa l t  basins a s  potential  s i t e s  
for  isolation and management of nuclear wastes. 

Early in 1977 t h e  Bureau of Economic Geology was invited t o  assemble and 

evaluate  geologic data  on several  salt-bearing basins within t h e  S t a t e  of Texas as  a 

contribution t o  the  national nuclear repository program. In response t o  this  request ,  

t h e  Bureau, acting a s  a technical  research unit of The University of Texas a t  Austin 

and the  S t a t e  of Texas, ini t iated a long-term program t o  assemble and in terpre t  all 

geologic and hydrologic information necessary for delineation, description, and evalu- 

at ion of salt-bearing s t r a t a  in the  Panhandle area .  

The technical  program can be subdivided into t h r e e  broad research tasks, which 

a r e  addressed by a basin analysis group, a surface  studies group, and a basin geohy- 

drology group (fig. I). The basin analysis group has assembled t h e  regional s t ra t i -  

graphic and s t ructura l  framework of the  to ta l  basin fill, ini t iated evaluation of natural  

resources, and se lec ted strat igraphic core  s i tes  for sampling t h e  sa l t  and associated 

beds. Two drilling s i tes  have provided nearly 8,000 f e e t  (2,400 m) of co re  mater ia l  f.or 

analysis and test ing of t h e  various lithologies overlying and interbedded with sa l t  units. 

Concurrently, the  surface  studies group has collected ground and remotely-sensed da ta  

to  describe surficial processes, including carbonate  and evaporate  solution, geomorphic 

evolution, and f rac tu re  system development. The newly formed basin geohydrology 

group will evaluate  both shallow and deep circulation of fluids within t h e  basins. 

This paper,  a summary report  of progress, reviews principal conclusions and 

i l lustrates t h e  methodologies used and t h e  types of d a t a  and displays generated.  

Several topical reports  will be forthcoming a s  phases of t h e  study a r e  completed and 

will discuss in deta i l  various geological aspects  of t h e  Palo Duro and Dalhart  Basins. 
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BASIC OBJECTIVES O F  BASIN ANALY SIS--GENETIC DESCRIPTION 
O F  THE SALT-BEARING INTERVAL AND ASSOCIATED STRATA 

W. E. Galloway 

This phase of t h e  p ro j ec t  descr ibes  t h e  s t ra t igraphy,  composit ion,  and  
e x t e n t  of sal t -bearing Pe rmian  s t r a t a ,  provides a three-dimensional  
descr ip t ion  of l i thofac ies  p rope r t i e s  requi red  fo r  hydrologic s tudies,  
and  f o r m s  t h e  basis  f o r  basin resource  assessment.  

Sal t  beds of t h e  Permian sec t ion  in t h e  Texas  Panhandle have  been  pene t r a t ed  by 

numerous pe t ro leum test wells,  but  t h e  s a l t  sec t ion  has  no t  been adequate ly  described 

because  explorat ion objec t ives  l i e  primari ly in older ,  deeper  rocks. The  principal 

objec t ive  of t h e  ini t ial  phase  of t h e  examinat ion  of t h e  Palo Duro and Dalhar t  Basins 

(fig. 2) t o  de t e rmine  potent ia l  sui tabi l i ty for  isolat ion of nuclear  was t e s  was  

descript ion of major  s a l t  sequences-- their  dis tr ibut ion,  thickness,  composit ion,  and 

l a t e ra l  and ve r t i ca l  f ac i e s  associat ions.  At t h e  s a m e  t i m e ,  t h e  subsurface  d a t a  base  

was also used t o  c a r r y  o u t  gene t i c  s t r a t ig raph ic  s tudies  of all  major  underlying older  

Paleozoic and overlying Triassic  and  Pliocene s t r a t a  (fig. 3). S t ra t igraphic  uni t s  

provide potent ia l  hosts  or reservoirs  for  various deposi ts ,  including pe t ro leum,  

uranium, base  me ta l s ,  evapor i t e  minera ls ,  and mos t  impor tant ly ,  f r e sh  w a t e r .  Conse- 

quent ly ,  assessment  of resource  potent ia l ,  or  resource  fa i rways  within t h e  basins, is 

t h e  second principal  object ive.  

Initial subsurface  analysis provided t h e  basis for  se lec t ion  of s eve ra l  s i t e s  for  

s t ra t igraphic  c o r e  tests. C o r e  tests were  designed t o  provide sample  and geophysical 

logs of al l  major sal t -bearing in terva ls  in t h e  basins. Sal t  samples  f rom co res  a r e  

being described and analyzed  using various techniques.  Geophysical  well logs will 

enab le  geologists t o  ca l ib ra t e  responses of various downhole measu remen t s  (na tura l  

g a m m a  radiat ion,  format ion  densi ty,  in te rva l  t r ave l  t i m e ,  e l ec t r i ca l  proper t ies )  with 

a c t u a l  rock types.  Cal ibra ted  logs can  then  b e  used t o  improve  in t e rp re t a t ions  of rock 

composit ion and thickness previously m a d e  using logs f r o m  numerous pe t ro leum t e s t  

wells. 



Figure 2. Structural  e lements  and general  index map of t h e  Texas Panhandle (from 
Nicholson, 1960). 
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Figure 3. Strat igraphic names applied to t h e  Palo Duro and western Anadarko Basins, 
Texas (from Nicholson, 1960). 



Mark W .  Presley 

The subsurface data base was obtained from commercial well log 
supply services. A11 available subsurface logs from the central 
portion of the Pa10 Duro and Dalhart Basins were used. 

The da ta  base (fig. 4) includes logs from downhole geophysical probes (well logs) 

and described well cutt ings (sample logs). Each of t h e  2,280 da ta  points represents 1 

or more log types, for a to ta l  of 4,500 well logs and 888 sample logs (fig. 4). 

The da ta  base was chosen to  include all available logs in t h e  counties in t h e  

cen t ra l  par ts  of the  Palo Duro and Dalhart Basins (fig. 4). Most wells in this a rea  a r e  

represented by both sample and well logs. In Texas counties along t h e  margins of 

these  basins, a second da ta  base was chosen t o  include wildcats and selected field 

wells. Outside of this area ,  a third open-grid da ta  base of wells was selected.  Well 

names and operators for all wells used in this report  a r e  shown in table  1. 

Standard log interpretation techniques were used for lithostratigraphic mapping 

and construction of cross sections. Cr i ter ia  for defining sa l t  a re  shown in figure 5. 

The cross section is composed of cyclic units which include sa l t ,  anhydrite, and 

dolomite in t h e  lower portion of the  Permian San Andres Formation. The salt  beds a r e  

defined by (1) low radioactivity (values to  t h e  lef t )  on gamma ray logs (GR); (2) 

intervals of enlarged borehole diameter (values t o  the  right) on caliper logs (CAL), 

owing to  solution of sa l t  beds during drilling; (3) intervals defined by a sonic transit  

t i m e  (AT) of approximately 67 microseconds on sonic logs (SON); and (4) mappable 

intervals on other  log types, including t h e  neutron porosity log (NPOR) in figure 5 ,  in 

which values a r e  anomalous or missing owing t o  t h e  enlarged borehole. 



Table 1. Well names and operators corresponding to Bureau of Economic Geology numbering system. 
These wells are used on all cross sections in this report. 

BEG 
Countv number O~erator  

BEG 
number Operator 

18 Amerada Petr. 
19 Midwest Oil 
22 R. 0. Gunn 
23 Robinson Bros. Oil 

Well name County 

Hall 

Well name 

Standard Oil 
Ketal Oil 
Hassie Hunt Trus. 

No. 1 LaFayette Hughes 
No. 1 Hughes 
No. 1 T-Bar Ranch 
No. 1 Hughes 

Armstrong No. 1-A Palm 
No. 1 F. B. Massie-Mo. 
No. 1 J. A. Cattle 

Texaco 
W. V. Harlow 

No. 1 Ritchie 
No. 1 Mattie Hedgecoke 
No. 1 McGehee Strat 

Test 
Hartley 

Lamb 

35 Whitehall No. 1 Reynolds Cattle Burdell Oil 

1 Gulf Oil 
3 Steve Gose 

12 DEPCO, lnc. 
27 Vaughn Petr. 
28 R. H. Fulton 
35 ShellOil 

. 59 Humble Oil 
102 Cherry Petr. 

No. 1 L. E. Bartlett 
No. 1 J. E. Busby 
No. 10 Young 
No. 1 Eva Wells 
No. 1 Cowen 
No. 1 lvey & McCary 
No. 1 Fowler 
No. 1 Middlebrook 

No. 1 E. L. Amis 
No. 1-24 Bennett 
No. 1 Sneed 
No. 36-A Masterson 

No. 98-1 Fulton 

Briscoe 

Castro 

Gulf Oil 
Cockrell 
Arnerada 

No. D-I  Rodgers 
No. 1 Allard 
No. 1 Hamilton 

Amarillo Oil 
Union of Cai. 
Ashrnun & Hilliard 
Phillips 
Sun Oil 
Amarillo Oil 
Sun Oil 
Sun Oil 
Ashrnund & Hilliard 
Standard of Texas 
Anderson-Prichard 

No. 1 C. R. Veigel 
No. 1 Forrnwalt 
No. 1 Willis 
No. 1 Morris "J" 
No. 1 Herring 
No. 1 L. C. Boothe 
No. 1 Haberer 
No. 1 Uselton 
No. 1 J. L. Merritt 
No. 1 Steakley 
No. 1 Fowler-McDaniel 

Moore 8 Continental Oil 
29 Gabe D. Anderson 
43 Grady L. Fox 
46 Colorado Interstate 

Oldharn 5 Shell Oil and 
Atlantic 

45 Shell Oil 
58 Shell Oil 

No. 31 5-4 Alamosa 
No. 1 Taylor Childress Claud Harnill 

0. P. Leonard 
Perkins-Prothro 
R. D. Gunn 
Kay Kirnbell 
U. H. Griggs 
Sinclair Oil 
British-American Oil 

No. 1 Kent McSpadde 
No. 1 J. E. Turner 
No. 1 Howard 
No. 1 G. B. Dorsey 
No. 1 J. Rhea 
No. 1 Smith 
No. 1 Willard Mullins 
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Figure 4. Data base wi th  areas in which t h e  
selectivity of data varied. 
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Figure  5. East-west  c ros s  sec t ion ,  lower  San Andres cyc l ic  un i t s ,  no r the rn  Palo Duro 
Basin--an example  of log-lithology in t e rp re t a t i ons  in t h e  sa l t -bear ing  sequence.  Log 
types  include g a m m a  ray  (GR), ca l ipe r  (CALI, sonic  (SON), and  neut ron  porosi ty 
(NPOR). 



BASIN STRUCTURAL A N D  STRATIGRAPHIC FRAMEWORK 

S. P. Dut ton  

The stratigraphic sequence of the Palo Duro Basin is divided into six 
genetically related units, each of which records a major event in the 
history of the basin. 

The Palo Duro Basin is a shal low, continental- inter ior  basin. Precambr ian  

basement  is at most  only 10,000 f e e t  (3,000 m)  below t h e  sur face .  The basin i s  

a symmet r i ca l ,  wi th  t h e  deepes t  pa r t  immed ia t e ly  no r th  of t h e  Matador Arch,  t h e  

southern  boundary of t h e  basin (fig. 6). The basin axis  t rends  eas t -wes t  in t h e  e a s t e r n  

p a r t  and northwest-southeast  in t h e  wes tern  p a r t  of t h e  basin. Several  f au l t s  s t r i k e  

nor thwest  just south  of t h e  Amari l lo Uplif t ,  but  t h e  res t  of t h e  basin lacks evidence  of 

s igni f icant  faul t ing.  

S t r a t a  in  t h e  Palo Duro Basin range  in a g e  f r o m  Precambr ian  t o  Pl io-Pleistocene 

(figs. 7 and 8). The sequence  c a n  be  subdivided in to  six genet ica l ly  r e l a t ed  units: pre-  

Pennsylvanian, Pennsylvanian, lower Permian ,  upper Permian ,  Triassic, and Plio- 

Pleis tocene.  Each unit exhibi ts  d is t inc t ive  f ac i e s  t r ac t s ,  deposi t ional  s ty le ,  geo- 

hydrology, and resource  potent ia l .  

(1) The pre-Pennsylvanian sec t ion  consists  of a basal  mar ine  sands tone  a n d  

shallow shelf carbonates .  These were  deposi ted be fo re  t h e  Palo Duro and Da lha r t  

Basins developed. Only eroded r emnan t s  of t h e s e  older  rocks  remain.  This sec t ion  i s  

s e p a r a t e d  f rom overlying Pennsylvanian s t r a t a  by a major  unconformity.  

( 2 )  The Pennsylvanian sec t ion  composed of mixed carbonate-c las t ic  rocks  

records t h e  ini t ial  development of t h e  p re sen t  Pa lo  Duro s t ruc tu ra l  and  sed imen ta ry  

basin. Tectonic  ac t iv i ty  s t rongly  influenced sedimenta t ion  pa t te rns .  Marine trans-  

gression occurred  throughout  th is  period a s  t h e  basin subsided. 

(3)  The lower Permian  carbonate-clastic-evaporite sec t ion  marks  t h e  t rans i t ion  

f rom maximum transgression t o  basin filling. This regression of mar ine  conditions i s  

r e f l ec t ed  in t h e  upward and landward change  f r o m  open mar ine  c a r b o n a t e  t o  evapor i t e  

deposits.  

(4) The upper Permian evapor i t e  - red bed c l a s t i c  s equence  records t h e  f ina l  

filling of t h e  Paleozoic marine-influenced basin. Deposi t ion occu r red  in r e s t r i c t ed ,  

back-shelf - sabkha environments.  

( 5 )  Triassic  s t r a t a  consist of cont inenta l  c l a s t i c s  deposi ted in a major  lacus t r ine  

basin by r ivers ,  de l tas ,  and  f an  del tas .  Remnan t s  of C r e t a c e o u s  rocks  a r e  preserved  in  

t h e  southwestern  p a r t  of t h e  Palo Duro Basin. 



( 6 )  The Plio-Pleistocene sec t ion  conta ins  cont inenta l  c las t ics  deposi ted by 

f luvial  and  eolian processes.  Cal iche  at t h e  top  of t h i s  sequence  comprises  t h e  

caprock of t h e  Panhandle High Plains. 



Figure 6. S t ruc ture  contour  m a p  on t h e  t o p  of Precambr ian  basement ,  i l lus t ra t ing  
basement  s t ruc tu re  in t h e  Palo Duro and Dalhar t  Basins. 



Figure 7. Schemat i c  east-west  sec t ion  across  Palo Duro Basin, Texas  Panhandle. 
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Figure 8. Schemat i c  north-south sec t ion  across  Dalhar t  Basin, Amari l lo Uplif t ,  Palo 
Duro  Basin, and  Matador Arch,  Texas  Panhandle. 



PRE-PENNSY LVANIAN EROSION ANDSHALLOW SHELF DEPOSITION 

S. P. Dut ton  

Pre-Pennsylvanian sediments in the Texas Panhandle were deposited 
in shallow, stable (cratonic) marine-shelf environments and consist o f  
a basal Cambrian sandstone and Lower Ordovician and Mississippian 
carbonates. 

The ea r ly  Paleozoic Era was  tec tonica l ly  qu ie t ,  and erosional  episodes a l t e r n a t e d  

wi th  shallow marine-shelf deposition. The  Paleozoic Era began wi th  a long period of 

erosion. Earliest sediments  were  probably deposi ted in t h e  L a t e  Cambr ian  (Birsa, 

1977). These sediments  a r e  a rkos ic  and glauconit ic  sandstones derived f r o m  the  

underlying Precambr ian  basemen t  and  deposi ted locally by nearshore  mar ine  processes.  

Sandstones a r e  r e s t r i c t ed  t o  t w o  a r e a s  in t h e  e a s t e r n  and southern  pa r t s  of Palo Duro  

Basin. 

By Ordovician t i m e  t h e  e n t i r e  a r e a  had been inundated,  and shallow shelf 

ca rbona te s  w e r e  deposited. These rocks of t h e  Lower Ordovician Ellenburger Group 

a r e  coarse ly  crys ta l l ine  dolomites which display in tercrys ta l l ine  and vuggy porosity. 

Rocks of t h e  Ellenburger Group occur in t h e  e a s t e r n  and southwestern  port ions of t h e  

Pa lo  Duro Basin and in t h e  Dalhar t  Basin (fig. 9). 

Upper Ordovician,  Silurian, and  Devonian s t r a t a  in t h e  Palo Duro Basin have  b e e n  

eroded or  were  never deposi ted.  A broad a r c h  ("the Texas  Peninsula") t rending  north-  

nor thwest  through t h e  c e n t r a l  p a r t  of t h e  Palo Duro Basin (Nicholson, 1960), w a s  

uplif ted s o m e t i m e  a f t e r  deposition of t h e  Ellenburger Group. Lower Paleozoic rocks  

on t h e  a rch  w e r e  eroded t o  basement .  This ex tens ive  erosion l e f t  i so la ted  remnants  of 

Upper Cambr ian  basal  sands tone  and Ellenburger s t r a t a  along t h e  eas t  and  wes t  f lanks  

of t h e  fo rmer  a rch  (fig. 9). 

By Mississippian t ime ,  t h e  Texas Peninsula was  no longer a posi t ive e l emen t ,  and  

marine-shelf ca rbona te s  were  deposi ted across  t h e  e n t i r e  region. A maximum 

thickness of 1,100 f e e t  (330 m)  of Mississippian rocks  occurs  in Childress County  (fig. 

10). Like t h e  Ellenburger, Mississippian deposi ts  fo rmed  in a shallow marine-shelf 

environment.  Ca rbona te s  in  t h e  lower pa r t  of t h e  Mississippian sequence  have  been  

dolomit ized,  mainly in t h e  wes tern  and nor thern  p a r t s  of t h e  Palo Duro Basin. 

L i t t l e  t e c t o n i c  ac t iv i ty  occurred  in t h e  Panhandle during most  of pre-Pennsyl- 

vanian t ime.  Major deformat ion  began l a t e  in t h e  Mississippian Period and cont inued 

through t h e  Pennsylvanian Period. Principal  posi t ive f e a t u r e s  t h a t  surround and def ine  



t h e  Palo Duro Basin--the Amarillo-Wichita Uplif t ,  Matador Arch,  Bravo Dome (Oldham 

Nose), and  Milnesand Dome  (fig. 2)--were uplif ted ea r ly  in t h e  Pennsylvanian Period. 

The newly formed Palo Duro Basin began t o  subside a t  t h a t  t i m e ,  ini t iat ing a new s ty l e  

of sedimenta t ion  t h a t  las ted  unti l  t h e  end  of t h e  Permian  Period. Uplif ted 

Mississippian s t r a t a  were  eroded in t h e  exposed highland a r e a s  but  preserved within 

t h e  basin (fig. 9). 

Ten cross  sec t ions  of t h e  pre-Pennsylvanian sec t ion  in  t h e  Palo Duro and Dalhar t  

Basins have  been prepared .  Isopach, porosi ty,  and s t r u c t u r e  contour  maps  of e a c h  pre-  

Pennsylvanian unit  were  also cons t ruc ted .  
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Figure 9. Isopach map of Ellenburger Group. 



-- Fault 

Figure 10. Isopach map of Mississippian section. Mississippian sediments a re  
preserved in t h e  Palo Duro and Dalhart  Basins but have been eroded off of adjacent  
s t ructura l  uplifts. 



D E V E L O P M E N T  OF T H E  PAL0 DURO BASIN DURING T H E  
PENNSYLVANIAN PERIOD 

S. P. Dut ton  

During the Pennsylvanian Period the Pa10 Duro Basin deepened and 
developed a well-defined, mud-filled basin facies surrounded by 
carbonate shelf -margins. Terrigenous clast ic deposits were derived 
from and concentrated near the principal uplifts. 

Pennsylvanian sedimenta t ion  was  strongly a f f e c t e d  by t e c t o n i c  ac t iv i ty .  Upl i f t  

of bounding highlands and basin subsidence cont ro l led  both f ac i e s  p a t t e r n s  a n d  

thickness of sediments .  Marine transgression continued throughout  t h e  Pennsylvanian 

Period. TQere a r e  no widespread marke r  beds or  unconformi t ies  in t h e  sec t ion .  

However,  t h e r e  was  a not iceable  change  in deposi t ional  s t y l e  evidenced by  d i f f e rences  

be tween lower and upper Pennsylvanian s t r a t a .  Early Pennsylvanian sedimenta t ion  

was  dominated  by te r r igenous  elastics, but  in l a t e  Pennsylvanian t i m e  c a r b o n a t e  

buildups dominated sedimenta t ion ,  and c l a s t i c  inf luence  was  g rea t ly  reduced (figs. 1 1  

and 12). 

Twenty-one cross sec t ions  of Pennsylvanian s t r a t a  were  cons t ruc ted  for  t h i s  

s tudy (fig. 12), a s  well as nine isolith maps,  seven l i thologic pe rcen t  maps ,  f i v e  

porosi ty maps,  a t o t a l  Pennsylvanian isopach map,  and a s t r u c t u r e  contour  m a p  on t o p  

of t h e  Pennsylvanian sequence .  

Early Pennsylvanian Period--Sediments were  deposi ted in t h r e e  principal  envi- 

ronments:  alluvial f an  and  f an  de l t a ,  shallow mar ine  she l f ,  and  deep  basin (seaward of 

t h e  mar ine  shelf). Erosion of Precambr ian  basement  t h a t  was  exposed in t h e  Amar i l lo  

Uplift  and t h e  Sier ra  Grande  Uplif t  of e a s t e r n  New Mexico supplied coa r se  a rkos ic  

sand and gravel  ("granite wash") t o  alluvial f ans  and f an  de l t a s  loca ted  along t h e  

nor thern  boundary of t h e  basin (fig. 13). Downdip, dis tal  f a n  sands were  in terbedded 

wi th  mud and thin ca rbona te  deposits.  Ca rbona te  and c l a s t i c  sedimenta t ion  a l t e r -  

na ted ,  and  following abandonment  e a c h  f a n  became  t h e  s i t e  of subsequent  c a r b o n a t e  

deposition. 

Most of t h e  Palo Duro was  occupied by a shallow shel f ,  s imilar  t o  t h e  pre-  

Pennsylvanian s t ruc tu ra l  s e t t i ng .  The  southern  p a r t  of t h e  region was  suff icient ly 

removed f rom ter r igenous  c l a s t i c  sou rce  a r e a s  s o  t h a t  f e w  sands reached i t .  Shallow 

mar ine  ca rbona te s  and te r r igenous  mud were  deposi ted in shallow shelf environments.  

Basinal shales were  deposi ted only in a small  deeper  w a t e r  a r e a  immedia te ly  nor th  of 

t h e  Matador Arch. 



L a t e  Pennsylvanian Period--A large,  well-defined, mud-filled basin developed 

during l a t e  Pennsylvanian t ime.  Ca rbona te  shelf-margin buildups r immed t h e  basin 

and stood severa l  hundred f e e t  above  t h e  c e n t r a l  basin f loor  (fig. 11). Along t h e  

eas t e rn  and southwestern  basin margins t h e  shelf-edge position remained s ta t ionary ,  

and more  than  1,000 f e e t  (300 m) of ca rbona te s  w e r e  deposi ted.  However,  t w o  re l ic t  

shelf margins a r e  recognized in t h e  nor thern  p a r t  of t h e  wes tern  shelf (fig. 14). The 

younger shelf is 18 mi les  (28.9 km)  wes t ,  or  landward,  of t h e  older  shelf .  R e t r e a t  of 

this  shelf margin may have  been caused  by subsidence,  as well a s  a n  influx of c l a s t i c  

s ed imen t  f rom t h e  Amari l lo Mountains. 

Basin filling occurred  in t h e  L a t e  Pennsylvanian Period when sed imen t  e n t e r e d  

t h e  basin through breaches  and low a r e a s  along shelf-margin trends.  Large  f e e d e r  
4 

channels  t h a t  supplied c l a s t i c s  t o  t h e  basin were  present  in t h e  nor th-cent ra l  and 

sou theas t e rn  Palo Duro a r e a  (fig. 15). Basin fill  was  mostly fine-grained c las t ics ,  but  

sand was also deposi ted (fig. 15). The a r e a l  and cross-sect ional  geomet ry  of s o m e  

sands tone  units suggests  t h a t  t hey  were  deposi ted as bar  f inger  sands  in high- 

cons t ruc t ive  e longa te  de l tas .  
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1 Figure 11. East-west Pennsylvanian cross section B-B . 
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Figure 13. N e t  g ran i t e  wash  map of lower  Pennsylvanian sect ion.  



Figure 14. Net limestone map of upper Pennsylvanian section. Position of t h e  shelf 
margin is shown by dark hachured line. The re t reated shelf-edge position is shown by 
t h e  lighter hachures. 
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Figure 15. Net sandstone map of upper Pennsylvanian section. 



LOWER PERMIAN DEPOSITIONAL SYSTEMS 

C. Rober tson  Handford 

Progradational carbonate shelf -margin and slope deposits rapidly 
filled the Palo Duro Basin during early Permian t ime,  transforming 
the basin into an extensive, evaporitic sabkha rimmed by an alluvial 
fan plain. 

Early Permian  t i m e  in t h e  Palo Duro Basin was  marked by changing deposi t ional  

s tyles .  Consequently,  a var ie ty  of f ac ies  and deposi t ional  sys tems a r e  recorded.  

Wolfcampian or  lower Permian s t r a t a  were  deposi ted in deep  basin t o  s lope,  shelf- 

margin and de l t a i c  sys tems.  Younger Permian sed imen t s  of Leonardian a g e  w e r e  

deposi ted principally within sabkha and alluvial f a n  plain sys tems.  

Represen ta t ive  cross  sec t ions  i l lus t ra te  t h e  s t r a t ig raph ic  f ramework (figs. 16, 

17, 18, and 19). Lithologic d a t a  were  in t e rp re t ed  f rom e l e c t r i c  logs and used t o  

cons t ruc t  f a c i e s  maps  (figs. 20, 21, 22, and 23). Paleogeographic maps  for  s eve ra l  

s t r a t ig raph ic  in terva ls  were  made  by combining various f ac i e s  maps  and schemat i ca l ly  

i l lus t ra t ing  in t e rp re t ed  deposi t ional  topography and envi ronments  (figs. 24 and 25). 

De l t a i c  systems--Lower Permian  sandstones a r e  distr ibuted in a band around t h e  

periphery of t h e  basin and  display isolith pa t t e rns  indicat ive of deposi t ion within f a n  

d e l t a  and high-constructive de l t a  sys tems.  Thick, coarse-grained arkosic sands, o r  

g ran i t e  wash, w e r e  deposi ted in f a n  de l t a s  which prograded in to  t h e  basin f r o m  

ad jacen t  highlands of t h e  Amari l lo Uplift .  In t h e  sou theas t e rn  p a r t  of t h e  Palo Duro 

Basin, high-construct ive,  e longa te  de l t a s  prograded wes tward  across  a mar ine  shelf 

and  deposi ted qua r t zose  sands in del ta-front  environments.  Both f a n  d e l t a  and high- 

cons t ruc t ive  d e l t a  sandstones in ter f inger  basinward with prodel ta  clays and shal low 

mar ine  carbonates .  

Ca rbona te  shelf-margin system--Seaward of t h e  d e l t a  sys t ems  was deposited a n  

a r c u a t e ,  ca rbona te  shelf-margin complex  400 t o  1,800 f e e t  (120 t o  548 m )  th ick  t h a t  

s epa ra t ed  t h e  deep  basin f rom shallow shelf environments.  Initially t h e  shelf margins  

were  widely sepa ra t ed ,  bu t  they  closed rapidly during lvolfcarnpian t ime.  Prograda- 

t ional  shelf-margin sequences  range  f rom 200 t o  400 f e e t  (60 t o  120 m)  th ick ,  implying 

t h a t  e a c h  shelf-margin bank s tood 200 t o  400 f e e t  (60 t o  120 m) above  t h e  a d j a c e n t  basin 

f loor .  

Slope and basinal  system--Black sha les  and mic r i t i c  l imes tones  compose  t h e  bulk 

of sediments  deposi ted in basin and slope environments.  Terr igenous sed imen t s  w e r e  

introduced by de l t a s  t h a t  prograded t o  t h e  shelf margin  and w e r e  reworked and  



t ranspor ted  downslope by suspension se t t l ing ,  turb id i ty  cu r ren t s ,  and debris  f lows or 

slumping. Thick slope wedges provided foundations fo r  subsequent  shelf-margin 

development  and progressively filled t h e  deeper  p a r t  of t h e  basin. 

Sabkha sys tem--St ra ta  belonging t o  t h e  Wichita  Group and lower C lea r  Fork  

Format ion  (an unnamed fo rma t ion  within t h e  C lea r  Fork  Group,  herein cal led t h e  

"lower C lea r  Fork  Formation")  were  deposi ted principally within a coas t a l  sabkha 

envi ronment  bordered  on t h e  south  by t h e  deep  Midland Basin and e lsewhere  by an  

alluvial f a n  plain. The  sabkha extended no r theas tward  through t h e  Texas and 

Oklahoma Panhandles in to  southern Kansas. The Wichita sabkha  consisted of  an 

i r regular  be l t  of dolomi te  and anhydr i te  deposi t ion;  bedded s a l t  w a s  deposi ted in 

Oklahoma and Kansas. A southward  sh i f t  of t h e  f ac i e s  be l t s  resul ted in accumula t ion  

of 300 f e e t  (91 m)  of upper sabkha,  bedded s a l t  in t h e  lower C l e a r  Fork Format ion .  

Two evapor i t e  cyc les  were  identif ied in t h e  lower  C l e a r  Fork,  e a c h  general ly consist ing 

of a basal  c l a s t i c  sequence  overlain by anhydr i te  and  bedded sa l t .  In t h e  nor thern  p a r t  

of t h e  Palo Duro Basin, s a l t  s t r a t a  th in  sharply and pass i n to  red-bed fac ies .  

Alluvial f a n  plain system--Three dist inct ive,  basinward-thinning, c l a s t i c  lobes of 

t h e  Red C a v e  Format ion  occur  be tween t h e  Wichita  Group and lower C lea r  Fork 

Formation.  Isolith m a p  p a t t e r n s  indica te  t h a t  t h e s e  red beds w e r e  deposi ted along t h e  

d is ta l  edges  of coalescing alluvial f ans  and on landward f r inges  of sabkha mudflats .  

Clas t ics  w e r e  t r anspor t ed  f rom t h e  nor thwest  and e a s t  across  a n  alluvial f a n  plain by 

ephemera l  braided s t r e a m s  or  wadis. 
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Figure 16. Wolfcampian cross section G-H. 
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Figure 19. Leonardian cross section E-F. 
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Figure 20. N e t  sands tone  map of Wolf campian  Series. 
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Figure  21. Ca rbona te  pe rcen t  map of Wolfcampian Series. 
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Figure 22. Net salt, upper cycle, lower Clear Fork Formation. 
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Figure 24. Model of shelf-margin development. Phase I: de l ta  progradation and 
formation of slope wedge. Phase 11: de l ta  abandonment and seaward progradation of 
new carbonate  banks and shelf margin. 
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Figure 25. Facies model, deposition of lower Clear  Fork Formation. 



UPPER PERMIAN EVAPORITES AND RED BEDS 

Mark 1Yi. Presley 

Four major upper Permian genetic sequences composed of evaporite 
and red-bed strata are recognized in the Palo Duro and Dalhart 
Basins. The overall aspect of the stratigraphy indicates a general 
southerly facies shift through time. Evaporite facies exhibit many of 
the features observed in modern coastal sabkhas. 

Upper Permian  s t r a t a  in t h e  Palo Duro and Dalhar t  Basins include sa l t ,  

anhydr i te ,  dolomi te ,  r a r e  l imes tone ,  and red beds (fig. 26).  Evapori tes  and associa ted  

ca rbona te s  display basinward (southerly)  f ac i e s  changes  f rom supra t ida l  t o  subtidal; 

f ac i e s  exhibi t  many . ,features of modern,  low-relief,  coas t a l  sabkhas. Lithofacies 

include (1) s a l t  formed in upper sabkha brine ponds and evapora t ing  pans, (2) lower 

sabkha anhydr i te  in bedded units,  (3) supra t ida l  t o  subt ida l  dolomi te  wi th  nodular and  

bedded anhydr i te ,  and (4) highly burrowed subtidal  ca rbona te s  (see San Andres 

Format ion  example ,  figs. 5,  27, 28, and 29). Red beds occur  a s  shee t s  of sha le  and 

fine-grained sands tone  up t o  300 f e e t  (91 m) th ick ,  which in ter tongue  basinward with 

dolomite-evapori tes  (see Tubb example ,  fig. 30). It is infer red  t h a t  t h e s e  deposi ts  

fo rmed  principally in t ida l  mudf la ts  grading basinward in to  t ida l  sandf la ts .  C la s t i c  

input was  by eol ian and/or  low-energy alluvial processes.  

The overal l  gene t i c  c h a r a c t e r  of t h e  s t ra t igraphy indica tes  a genera l  southerly 

migrat ion of f ac i e s  through t ime.  Four major  gene t i c  subdivisions a r e  recognized: 

Lower C lea r  Fork-Tubb s t ra ta - -The  lower C lea r  Fork Format ion  has been 

discussed. Tubb s t r a t a  represent  dominant  la te -s tage ,  red-bed deposition in t h e  ea r ly  

C lea r  Fork  evapor i t e  basin. C la s t i c  envi ronments  prograded into t h e  Palo Duro Basin 

c e n t e r ;  t ransi t ional  ( inter tonguing) evapor i t e  envi ronments  r e t r e a t e d  t o  t h e  south. 

Upper C lea r  Fork-Glorieta  s t ra ta - -Evapor i tes  and dolomi te  of t h e  upper C lea r  

Fork Format ion  (an unnamed format ion  within t h e  C lea r  Fork  Group, herein ca l led  

"upper C lea r  Fork Formation") r ep resen t  ea r ly  dominance  of sabkha  and shelf 

envi ronments  in t h e  Palo Duro and Dalhar t  Basins. Inter tonguing red beds and s a l t  of 

t h e  Glor ie ta  Format ion  ind ica t e  l a t e r  dominance  by clast ic-upper sabkha envi ronments  

in t h e  basins. Both upper sabkha deposi ts  and overlying red-bed f ac i e s  w e r e  deposi ted 

i n  environments t h a t  prograded f rom t h e  Dalhar t  a r e a  and t h e  region of t h e  Amarillo 

Uplift  t o  t h e  Palo Duro Basin (fig. 31). In t h e  Dalhar t  Basin, t h e  Glor ie ta  is composed 

principally of th ick  sandstones which t r end  southwester ly  and ex tend  in to  eas t - cen t r a l  

New Mexico. 



San Andres s trata--The San Andres Format ion  is composed of dolomi te ,  anhy- 

d r i t e  and s a l t  (fig. 32). Lower San Andres s t r a t a  a r e  composed of mult iple  cyc l ic  uni t s  

t h a t  a r e  regressive t o  t h e  south.  Five cycles  a r e  recognized,  e a c h  wi th  basal  dolomi te  

( t ransgressive) ,  grading upward in to  lower sabkha  anhydri te-dolomite,  capped by upper  

sabkha  sal t .  The upper sabkha t e r r a n e  was  c e n t e r e d  in t h e  nor thern  p a r t  of t h e  Pa lo  

Duro  Basin at t h e  close of e a c h  cycle.  Upper San Andres s t r a t a  conta in  massively 

bedded anhydr i te  overlain by inter tonguing anhydri te-sal t ,  represent ing  l a t e - s t age  

dominance of lower and upper sabkha environments.  

Post-San Andres s trata--Post-San Andres s t r a t a  conta in  massive upper sabkha  

sa l t  and  red-bed deposi ts  (fig. 33). Sal t  is present  mainly in t h e  southern  and wes te rn  

p a r t s  of t h e  Palo Duro Basin and principally occurs  in t w o  major  s a l t  uni ts  which 

c o r r e l a t e  with continuous gypsum marke r  beds t o  t h e  no r th  in t h e  Dalhar t  Basin. 

Upper boundaries of s a l t  uni ts  a r e  t rans i t ional  into red beds. Red-bed deposi ts  

in ter tongue  southward  with sa l t .  Trends of thinning t o  t h e  southwest ,  observed f r o m  

mapping of red-bed units,  suggest  t h a t  t h e  paleoslope at th is  t i m e  was  toward  t h e  

region of t h e  De laware  Basin in southeas tern  New Mexico. 

Lines of cross sec t ions  on which corre la t ions  of upper Permian  s t r a t a  were  based 

a r e  shown in f igure  34. 



P A L 0  D U R O  B A S I N  D A L H A R T  B A S I N  

S a l t  s o u t o n  

Figure 26. Generalized north-south cross section, major genet ic  units, upper Permian 
salt-bearing s t ra ta ,  Palo Duro and Dalhart Basins. 
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Figure 27. North-south cross sec t ion ,  San Andres Format ion ,  Palo Duro Basin. Sa l t  
beds t h a t  c a p  lower San Andres cyc l ic  units 1-5 thin and  pinch out  t o  t h e  south. 
Moderate t o  high radioac t iv i ty  (higher t o  t h e  nor th)  in basal  port ions of t h e  cyc les  
diminishes upward in to  sa l t .  Lithology and f ac i e s  i n t e rp re t a t ions  of g a m m a  r a y  
pa t t e rns  a r e  shown in f igu res  5 and 29. Depths  shown on logs (values range  f rom 2,000 
t o  4,000) a r e  in f e e t .  
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Figure 28. Isopach map,  lower San Andres cyc le  4 (fig. 27) showing n e t  s a l t  contained 
in cycle.  Cycle  exhibi ts  relat ively sma l l  variat ions in thickness (240 t o  300 f t  o r  7 3  t o  
90 m)  in t h e  basin. Net  s a l t  values inc rease  t o  t h e  nor th  and r e f l e c t  position of 
maximum development of upper sabkha sa l t  t e r r a n e  a t  close of cycle.  
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Figure 29. East-west cross sec t ion ,  lower San Andres cyc l i c  units ,  southern Palo Duro 
Basin. Both lithology and f ac i e s  i n t e rp re t a t ions  a r e  shown. Cores  such as those  in t h e  
Lamb County  well suggest  subtidal- inter t idal  deposition for  basal  dolomite of cyc les  
(modera t e  radioact ivi ty)  grading upward in to  supra t ida l  dolomite-anhydri te .  Cyc le  4 i s  
capped by upper sabkha  sa l t .  Lower sabkha  f ac i e s  in ter f inger  t o  t h e  nor th  wi th  s a l t ,  
and t o  t h e  south  with dolomite.  
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Figure  30. North-south cross  sec t ion ,  Tubb Format ion ,  Pa lo  Duro Basin. Evapor i te  
uni t s  i n t e r tongue  wi th  c l a s t i c s  and  exhib i t  basinward (southerly)  l i thofac ies  changes  
f r o m  upper sabkha  s a l t  t o  lower sabkha  and shelf dolomite-anhydri te .  C la s t i c  tongues  
thin southeas tward ,  perpendicular  t o  l ine  of sec t ion .  
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Figure 3 1. Paleogeography of upper Clear For k-Glorieta genetic unit. 



Figu re  32. Isopach map ,  San Andres a n d  Blaine Format ions .  A r e a  of a c t i v e  s a l t  
solut ion i s  indicated.  Boundaries  b e t w e e n  San Andres  (Pa lo  Duro) ,  and  Blaine (Da lha r t  
and  ~ n a d a r k o )  a r e  marked  by updip (nor ther ly)  change  in  basa l  cyc l i c  un i t s  f r o m  
evapor i tes -dolomi te  t o  elastics. 



Figure 33. Isopach map,  post-San Andres g e n e t i c  unit.  Area  of a c t i v e  sa l t  solut ion 
indicated.  



Figure 34. Lines of cross sections with correlations of the  upper Permian salt-bearing 
sequence constructed during investigation. Dashed line is cross section shown in figure 
35. Sections showing lithology interpretations of each major genetic unit were also 
prepared. 



SALT DEPOSITS 

Mark 1V. Presley 

Seven salt-bearing units are of  interest as potential hosts for nuclear 
waste isolation in the Palo Duro and Dalhart Basins. Salt in each unit 
wa's deposited in upper sabkha (subaerial) environments. Salt litho- 
facies interfinger with lower sabkha and shelf lithofacies basinward 
and with red beds towards the margins of the basin. 

Corre la t ions  of sal t -bearing s t r a t a  in t h e  Palo  Duro and Dalhar t  Basins a r e  shown 

in f igure  35. Most s a l t  occurs  in t h e  Palo Duro a rea .  Genera l ized  d a t a  on each  of 

seven sal t-bearing units s tudied a r e  l is ted in t a b l e  2. Following is a discussion of e a c h  

salt-bearing.,unit f rom oldest  t o  youngest.  

Lower C l e a r  Fork--Areas of major  s a l t  accumula t ion  occu r  bo th  in  t h e  Anadarko 

Basin and in Po t t e r ,  Carson,  and Randall  Count ies  of t h e  Palo Duro Basin, where  t o t a l  

s a l t  thickness r eaches  300 f e e t  (91 m). The lower C l e a r  Fork Format ion  is composed 

of two  offlapping evapor i te  cyc les  t h a t  record  deposition in a n  upper sabkha sa l t  pan  

f lanked on t h e  nor thwest  and southeas t  by d is ta l  alluvial f an  plain facies .  

Upper C lea r  Fork--Thickest s a l t  in lower s a l t  units of t h e  upper C lea r  Fork  (fig. 

36)  occurs  in t h e  Dalhar t  Basin. In upper s a l t  units,  maximum s a l t  thickness i s  in t h e  

nor thern  Palo Duro Basin. In general ,  upper sabkha  deposi t ion sh i f ted  progressively t o  

t h e  south.  Sal t  units interf inger  wi th  red beds t o  t h e  nor th  and  lower sabkha dolomite-  

anhydr i te  in t h e  southern  p a r t  of t h e  Palo Duro Basin. 

Glorieta--Salt with inter tonguing massive red beds is p re sen t  in t h e  Palo Duro  

Basin. Evapori te  tongues thin or  pinch ou t  t o  t h e  nor theas t ,  progressively off lapping 

through t i m e  and r e f l ec t ing  deposi t ional  cont ro l  by t h e  infer red  paleoslope (downdip t o  

t h e  southwest) .  Evapori te  f ac i e s  were  depos i ted  f r o m  brine f rom t h e  open basin to  t h e  

south;  nor thern  upper sabkha s a l t  in te r f ingers  wi th  lower sabkha dolomite-anhydri te  at 

t h e  southern  margin of t h e  Palo Duro Basin. 

Lower San Andres (Flowerpot)--Salt is p re sen t  in both t h e  Palo Duro and Dalhar t  

Basins (fig. 37). Lower San Andres shelf-sabkha cycl ic  units  a r e  capped by mass ive  

s a l t  beds. Upper sabkha  deposition was cen te red  in t h e  nor thern  port ion of t h e  Palo  

Duro Basin at t h e  close of e a c h  cycle.  Lower San Andres (Blaine) shaly s a l t  beds occu r  

in t h e  nor thwestern  corner  of t h e  Dalhar t  Basin. 

Upper San Andres (Ye1ton)--Salt in this  and  younger sal t -bearing units  (Seven 

Rivers ,  Salado-Tansill) is present  only in t h e  Palo Duro Basin. These rocks exhibi t  

cyc l ic  anhydr i te  and s a l t  but lack  t h e  massive dolomi te  l i thofac ies  cha rac t e r i s t i c  of 



t h e  lower San Andres. Individual s a l t  units a r e  la te ra l ly  pers i s ten t  and coa le sce  near  

t h e  nor thern  and eas t e rn  l imi ts  of t h e  basin where  upper sabkha deposition was  

dominant .  

Seven Rivers--Salt is th ickes t  in t h e  south-cent ra l  port ion of t h e  Palo Duro Basin 

(fig. 38). The  lower port ion of t h e  unit conta ins  in ter tonguing  sa l t  and  red sha le ,  with 

s a l t  tongues thinning and pinching o u t  t o  t h e  no r theas t ;  t h e  upper port ion of t h e  unit  i s  

massive sa l t .  Upper sabkha deposition was  dominant .  The upper boundary of t h e  unit 

i s  t rans i t ional  in to  t h e  overlying Y a t e s  red  beds. 

Salado-Tansill--In t h e  south-central  p a r t  of t h e  Palo Duro Basin, t h e  unit  is a 

single massive sa l t  sequence  with in t e rca l a t ed  shale.  Upper sabkha  deposition was 

dominant ,  and  t h e  upper boundary is t ransi t ional  i n to  red beds. 



Table 2. Character and position of  salt-bearing units, Palo Duro and Dalhart Basins. 

Adjacent strata 
U - underlying 
0 - overlying 

unit 
(youngest Thickness and extent of salt beds 

to oldest) 

Character 
of interbeds Salt solution 

1. Salad01 Unit with continuous salt section, 
Tansill south-central Palo Duro; net salt <340 ft: 

a. basal massive salt, 70-80 f t  
b. overlying saltlshale, 80  f t  
c. upper massive salt, 200 f t  

U - massive Yates 
red beds 

0 - red beds capped 
by Alibates 

Discontinuous 
shale breaks 

Active solution at position 
of Caprock Escarpment 

2. Seven Lower portion of formation-9-1 2 beds 
Rivers in south-central Palo Duro, average 10 ft, 

pinching out to  north 

U - red beds, with 
sandstone, inter. 
tonguing with 
lower salt beds 

0 - massive Yates 
red beds 

Discontinuous 
shale breaks 

A t  position of Caprock 
Escarpment and south 
of Amarillo Uplift 

Upper.portion-massive salt, <300 f t  
to  south, I 0 0  f t  to  north 

3. Upper South Palo Duro-6-10 salt units, 
San average 25-30 f t 

U - massive bedded 
anhydrite (middle 
San Andres) 

0 - red beds with 
sandstone 

South of Amarillo 
Uplift, east of Caprock 
Escarpment 

Salt units 
intertongue 
with anhydrite North Palo Duro-4-5 salt units, 

(Ye'ton) range 10-130 f t  

4. Lower 
San 
Andres 
(Flower- 
pot) 

Salt beds capping 5 cycles: Salt in cycles inter- 
Cycle I-minor salt tonguing with 
Cycle 2 and 3-salt units averaging 45-50 ft, anhydriteldolomite; 
pinching out to  south in central Palo Duro dolomite with 
Cycle 4-salt unit 200 f t  to  north, pinching some porosity 
out upsection into southern Palo Duro 
Cycle 5-to north beds range 10-70 ft, with 
net salt 100-170 f t ;  t o  south, beds average 
10 f t  
Northwest Dalhart-<I50 f t  salt-bearing strata 

U - Glorieta red South of Amarillo 
bedslevaporite Uplift, east of 

0 - massive bedded Caprock Escarpment 
anhydrite 

Updip (in Dalhart)- 
Glorieta sandstone 

5. Glorieta 3 salt units intertonguing with red beds: Shale interbeds 
a, lower unit-average 20-25 f t  thick in common; anhydrite 

Donley County (northeast Palo Duro), with shale to  south 
50-55 f t  thick in Bailey County 
(southwest Palo Duro) 

b. middle unit-average 9 0  f t  thick in Donley 
County, 150 i t  thick in Bailey County 

c. upper unit-pinching out to northeast, 
average 45-50 f t  thick in Bailey County 

Beds within units range 10-75 f t  

U - Upper Clear Fork In central Potter and 
evaporitelshale Carson Counties; 

0 - Lower San Andres possible to  east 
cyclic units on south margin 

Updip (in Dalhart)- Amarillo Uplift 
Glorieta sandstone and east margin 

Palo Duro 

6. Upper 
Clear 
Fork 

U - Tubb red beds Possible on eastern 
0 - Glorieta red beds1 margin, Palo Duro, and 

evaporite on Amarillo Uplift 
Updip (in Dalhart)- 
Clear ForkIGlorieta 

Dalhart-in basal portion beds up to 80 f t  Shale interbeds, 
in section with net salt < I25 f t  increase t o  north; 

Palo Duro-beds average 15 f t  in section anhydrite increase 

with net salt <280 f t  t o  south 

Amarillo Uplift-beds < I 0  f t  in section 
with net salt <200 f t  

red beds with 
sandstone 

No salt solution 7. Lower 2 salt units intertonguing with red beds Shale interbeds 
Clear (northwest and southeast); beds up to  increase t o  northwest 
Fork 40 f t  thick: and southeast; 

a. lower cycle-150-200 f t  net salt anhydrite-dolomite 
in Anadarko Basin; 0-150 f t  in increases to  south 
Palo Duro Basin 

b. upper cycle-150 f t  net salt in 
Anadarko Basin; 0-150 f t  in 
Palo Duro Basin 

U - Red Cave 
red beds 

0 - Tubb red beds 
Updip-red beds 
Downdip-anhydrite- 
dolomite 
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Figure 35. North-south cross section, upper Permian salt-bearing s t r a t a ,  Pa10 Duro 
and Dalhart Basins. Generalized sa l t  beds a r e  correlated.  Line of section shown on 
figure 34. 
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Figure 37. Net  s a l t  in t h e  lower San Andres Formation.  Lower s a l t  uni ts  c a p  cycles  1, 
2, and  3 (fig. 27); middle s a l t  is in c y c l e  4 (figs. 27 and  28); t h e  upper s a l t  in c y c l e  5. 
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Figure 38. Net sa l t  in Seven Rivers Formation. Lower Seven Rivers sa l t  beds 
intertongue with red beds t o  t h e  north. The upper Seven Rivers is a single, relatively 
massive sa l t  unit. 



CORE HANDLING AND EVALUATION 

C. Robertson Handford 

A deep core hole (4,000 feet  or 1,200 m), which was drilled using 
modern and innovative methods, provided sample rock material for 
analytical studies. Additional core holes are planned for the Palo 
Duro Basin. 

Special c o r e  recovery  and c o r e  handling techniques  were  developed for  t h e  f i r s t  

4,000-foot (1,200-m) s t ra t igraphic  test (DOE/Gruy Fede ra l ,  Inc., Rex White, Jr., No. 1) 

drilled during August and September ,  1978, in no r theas t e rn  Randall  County  (see  fig. 4). 

L a t e  in 1978 a second s t r a t ig raph ic  t e s t  (DOE/Gruy Federa l ,  Inc., D. M. Grabbe,  No. 1) 

was drilled in nor theas tern  Swisher County. C o r e  samples  f r o m  both wells a r e  

presently being analyzed.  

During coring,  t h e  rock  co res  were  enveloped by PVC pipe  within 60-foot (18.2-m) 

c o r e  barrels .  The PVC pipe prevented  jamming of t h e  c o r e  within t h e  bar re l  and 

f irmly held t h e  co re  in p lace ,  reducing movemen t  and breakage .  The  pipe and co re  

were  removed toge the r  f rom t h e  c o r e  barrel ,  marked ,  and  sl iced i n t o  6-foot (1.82-m) 

segments .  Where possible, t h e  co re  was  ext ruded f rom t h e  p ipe  brief ly for  on-site 

descript ion,  primari ly t o  ident i fy  missing intervals .  The c o r e  was replaced  inside t h e  

PVC pipe. The  pipe was  t h e n  sea led  a t  both  ends,  loaded on to  a foam-cushioned t ruck  

bed, and t ranspor ted  t o  The  University of Texas Balcones Resea rch  C e n t e r ,  Austin, 

Texas,  for  s t o r a g e  and analyses. At  t h e  research  c e n t e r  t h e  PVC pipe was spl i t  

lengthwise wi th  a radial  saw,  and  t h e  c o r e  was removed f o r  marking  t o  record  t o p  and 

bot tom orientat ion.  Where t h e r e  was  a sec t ion  of 50 or  m o r e  f e e t  (15 or more  m)  of 

s a l t  in t h e  c o r e ,  one uncut  3-foot (0.9-m) segmen t  per  50 f e e t  (15 m) of s a l t  was sea led  

and s e t  as ide  for  rock mechanics,  t he rma l ,  chemica l ,  and w a s t e  i n t e rac t ion  studies. 

All of t h e  c o r e  but  t h e  3-foot (0.9-m) sa l t  s egmen t s  was  slabbed lengthwise in to  t w o  

pa r t s ,  with a la rger  p a r t  (approximately two-thirds of t h e  c o r e )  s e t  as ide  for  sampling, 

and a smal ler  p a r t  (approximately one-third of t h e  co re )  preserved  a s  a pe rmanen t  

l ibrary sample. All of t h e  co re  has  been  logged and photographed t o  obta in  a comple t e  

lithologic descript ion and visual record.  The  s a l t  c o r e s  a r e  now sea l ed  in p las t ic  bags 

t o  insure preservat ion and minimize  dissolution and ef f lorescence .  Numerous analyses 

and  studies planned fo r  t h e  c o r e  a r e  outl ined in t a b l e  3.  Analyses will  provide 

impor t an t  d a t a  regarding lithology (especially c h a r a c t e r  of t h e  sal t ) ,  hydrology, and 

potent ia l  resources of t h e  sal t -bearing Permian sec t ion .  



Table 3. Core tests, analyses, and studies. 
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RESOURCES 

C. Robertson Handford 

No economical ly recoverable  deposi ts  of pe t ro leum,  copper,  uranium, 
o r  potash  s a l t s  have  been  d iscovered  in t h e  Pa10 Duro Basin desp i t e  
numerous  favorable  host  and  reservoi r  rocks  throughout  t h e  basin. 

Basin analysis requi res  a n  assessment  of t h e  resources  of t h e  Palo Duro Basin. If 

potent ia l  economic  deposi ts  a r e  present ,  t hey  mus t  be identif ied ear ly  so  t h a t  all  

resource  f ac to r s ,  which could preclude p a r t s  of t h e  basin f r o m  nuclear  w a s t e  isolation, 

c a n  be rhoroughly evalua ted .  

Oil and gas--In decreas ing  order  of impor t ance ,  potent ia l ly  su i tab le  reservoirs  

may  occur  in t h e  following depositional facies:  (1) dolomi t ized  shelf margins,  (2) 

de l ta - f ront  sands tone ,  (3) evapor i t e  cyc le  subtidal  dolomites,  (4) fan-del ta  sandstones,  

and (5) sandy alluvial f a n  plain red beds. Porous dolomi te  t r ends  (15 p e r c e n t  porosity) 

closely follow Pennsylvanian and Permian shelf margins (figs. 39a  and 39b), thus  

del ineat ing narrow fa i rways  for  hydrocarbon explorat ion.  Potent ia l  reservoirs  may  be 

sea led  by contiguous and super jacent  slope-basinal sha l e  and impermeab le  shelf 

carbonates .  

Numerous de l t a i c  sands tones  t h a t  occur  in t h e  southeas tern  p a r t  of t h e  basin 

cons t i t u t e  potent ia l  reservoirs.  Sandstone units  range  up t o  200 f e e t  (60.9 m) th ick  

and a r e  surrounded by prodel ta  clays.  Fan-delta sandstones,  commonly feldspathic,  

occur along t e c t o n i c  uplif ts  and a r e  cha rac t e r i zed  by high (15 pe rcen t )  porosities. 

Abutment  of t hese  sands tones  against  basemen t  rocks may  fo rm a n  updip s e a l  t o  

hydrocarbon migrat ion.  

The San Andres Format ion  has  produced millions of bar re ls  of oil in t h e  Midland 

Basin and on t h e  Cen t r a l  Basin Pla t form.  San Andres c a r b o n a t e  s t r a t a  occur  in t h e  

Palo  Duro Basin, but  t h e y  a r e  nonproductive. Porous dolomit ic  s t r a t a  nea r  t h e  base  of 

severa l  San Andres evapor i te  cyc les  cons t i t u t e  potent ia l  s t r a t ig raph ic  t raps .  Beds a r e  

sea led  above  by bedded s a l t  and anhydri te .  

Red beds normally a r e  not  regarded  a s  favorable  oil and gas  explorat ion t a rge t s .  

However,  alluvial f a n  plain red beds belonging t o  t h e  Red  C a v e  Format ion  have  

produced g a s  f rom t h e  Panhandle Field and oil f rom t h e  Anadarko Basin in Moore 

County.  Production occurs  f rom fine-grained sandstones and s i l t s tones  within t h e  

upper 100 f e e t  (30 m) of t h e  format ion .  

Uranium and copper--Base m e t a l  mineral izat ion occurs  in outcrops  of middle t o  

upper Permian  s t r a t a  in Oklahoma and no r th  Texas, but  none has  been  discovered in 



t h e  Palo Duro Basin. This may  b e  due  a s  much t o  subsurface  burial,  l ack  of outcrops,  

and  insuff icient  minera l  explorat ion,  as i t  is t o  a c t u a l  absence  of mineral izat ion.  

Chalcoci te ,  malachi te ,  ca rno t i t e ,  and uranin i te  a r e  concen t r a t ed  in channel  

sands tones  (fluvial and t idal) ,  and t ida l  mud-flat  deposi ts  of Permian a g e  in Oklahoma 

and no r th  Texas  (Al-Shaieb, 1978; Smi th ,  1974). Mineral izat ion probably occurred  as a 

result of diagenesis t h a t  accompanied  ground-water  movemen t  through channel  

sands tones  and evapora t ive  discharge on sabkha  sur faces .  

In addit ion t o  t h e  possibility of uranium and copper  deposi ts  in middle and  upper 

Permian  s t r a t a ,  f luvial-del taic  f ac i e s  of t h e  Triassic  Dockum Group and fan-de l ta  

g ran i t e  wash (arkosic sandstones)  deposi ts  of Pennsylvanian and ea r ly  Permian age  m a y  

b e  potent ia l  host uni ts  for  uranium minerals.  Presently,  t h e  National Uranium 

Resource  ~ ; a l u a t i o n  Program,  U. 5. Depar tmen t  of Energy, is evaluat ing uranium 

resources  in s u r f a c e  and shallow subsurface  deposi ts  in t h e  Panhandle region of Texas. 

Potash  sal ts--Detai led subsurface  co r re l a t ion  and mapping of Permian evapor i t e  

units  have  not  revea led  any  proven occur rences  of potash  deposi ts ,  a l though potash  h a s  

been repor ted  f rom wells drilled in  Po t t e r ,  Randall ,  and  Oldham Coun t i e s  

(Cunningham, 1934). 
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Figure 39a. Porosi ty map  of Pennsylvanian carbonates .  D a t a  were  obtained from 
sample  log descript ions and  represent  in terva ls  described as porous. 
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Figure 39b. Porosity map of lower Permian carbonates. Data  were  obtained f rom 
sample log descriptions and represent intervals described as porous. 



BASIC OBJECTIVE O F  GEOMORPHIC STUDIES--TO INSURE THAT 
THE INTEGRITY OF A POTENTIAL NUCLEAR WASTE MANAGE- 
MENT SITE IS SECURE FROM EROSION, STREAM INCISION, AND 
SALT DISSOLUTION 

Thomas C. Gustavson 

A methodology was developed to  provide an integrated program of 
geomorphic and shallow stratigraphic studies to determine rates o f  
surf ace erosion, stream incision and development; rates and direction 
of movement of salt dissolution fronts; fracture analysis; land 
resources; and paleoclimatology. 

To insure t h e  in tegr i ty  of a potent ia l  nuclear  was t e  managemen t  s i t e  f rom 

s u r f a c e  erosion,  str,eam incision, and s a l t  dissolution requi res  a n  understanding of 

processes and r a t e s  of sediment  removal ,  s t r e a m  propagation,  s lope r e t r e a t ,  and  sa l t  

dissolution. C l ima te ,  especial ly high-intensity rainfal l ,  and jointing a r e  t h e  major  

cont ro ls  of s t r e a m  propagation and slope r e t r e a t .  Sal t  dissolution at dep th  resul ts  in 

col lapse of overlying sed imen t s  and strongly influences dra inage  and slope develop- 

ment .  Quan t i t a t i ve  measu remen t s  of erosion r a t e s  a r e  obta ined  for  various combina-  

t ions  of slope, vegeta t ion ,  soil, and subs t r a t e  lithology. Geomorphic  mapping provides 

t h e  mechanism for  which erosion r a t e  d a t a  fo r  spec i f ic  a r e a s  c a n  b e  ex t r apo la t ed  t o  

o the r  s imilar  a r e a s  of t h e  Llano Estacado.  The following discussions of geomorphic 

mapping, linear e l e m e n t  analysis,  c l i m a t e  and erosion monitoring,  s a l t  dissolution and 

a major flood even t  on t h e  Llano Es tacado a r e  t h e  ini t ial  resu l t s  of on-going s tudies  

designed t o  provide understanding of t hese  processes  (fig. 40). A prel iminary 

discussion of t h e  geomorphic methods  used t o  eva lua t e  t h e  sui tabi l i ty of t h e  Llano 

Es tacado a r e a  or t h e  Southern High Plains fo r  use as was te  isolat ion s i t e s  h a s  been  

presented  by Gustavson and o t h e r s  (1978b). 
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Figure 40. Physiographic units in the Texas Panhandle and adjacent areas. Numbers 
1-5 indicate climate monitoring stations: (1) Buffalo Lake National Wildlife Refuge, 
( 2 )  Palo Duro Canyon State Park, (3) Muleshoe National Wildlife Refuge, (4)  Caprock 
Canyon State Park, and (5) Lake Meredith National Recreation Area. 



CLIMATE OF T H E  T E X A S  PANHANDLE AND ITS INFLUENCE ON 
EROSION 

Rober t  J. Finley 

Prec ip i ta t ion  in t he  Southern  High Plains is pr imar i ly  f r o m  thunder-  
s to rms ,  resul t ing in brief ,  localized, and  in tense  rainfal l  which 
produces  runoff within r e s t r i c t e d  a r e a s  and  r e su l t s  in e f fec t ive  ero- 
sional processes.  

In t h e  Texas Panhandle 43 pe rcen t  of t h e  a v e r a g e  annual  prec ip i ta t ion  fa l l s  

during May through July, primari ly f rom thunders torms,  and  7 2  pe rcen t  fa l l s  during 

April through September  (Haragan,  1976). E x t r e m e  rainfal l  is g rea t ly  s ignif icant  

because  of in tense  erosion. Within t h e  pas t  3 3  yea r s  a t  Amari l lo t h e  months  of May 

through August have  had maximum 24-hour rainfal ls  of 17.1 c m  (6.75 inches)  in May, 

1951; 15.6 c m  (6.15 inches)  in June,  1960; 10.4 c m  (4.09 inches)  in July, 1943; and  10.8 

c m  (4.26 inches)  in August,  1945. These  even t s  a r e  closely r e l a t ed  t o  t h e  f requency of 

thunderstorms.  In t h e  Southern High Plains (fig. 41) d a t a  f rom t h r e e  locat ions show 

t h a t  t h e  pe rcen tage  f requency of thunders torms a t  Amarillo, Texas,  is g rea t e s t  in May 

through August and,  on a n  annual  basis,  is slightly g r e a t e r  t han  at e i t h e r  Lubbock, 

Texas,  or Clovis, New Mexico. July in Amari l lo usually includes 11 thunders torm days 

(fig. 42), a l though O r t o n  (1964) no te s  t h a t  on t h e  ave rage ,  May brings the  most  

f r equen t  and violent  thunders torms over northwest  Texas. 

Intense rainfal l  even t s  a r e  impor t an t  because  they  resul t  in s ignif icant  su r f ace  

runoff ,  which is t h e  dominant  erosional  process.  A single thunders torm wi th  t o t a l  

rainfal l  of approximate ly  3 c m  (1.2 inches)  resul ted in observed s u r f a c e  denudation of 

1 t o  2 mm (0.04 t o  0.08 inches)  at t h e  Palo Duro Canyon f ie ld  s tudy locat ion.  While 

t hese  values a r e  a t  t h e  l imi t  of rel iable de t ec t ion  using erosion pins, t hey  demons t r a t e  

t h e  potent ia l  cumula t ive  impor t ance  of f r equen t  and in tense ,  but  no t  ca t a s t roph ic ,  

rains. 

Rainfal l  records  in a 22-county a r e a  of t h e  Texas  Panhandle overlying t h e  Palo 

Duro Basin show signif icant  concent ra t ions  of rainfal l  within l imi ted  a r e a s  and  locally 

high precipi tat ion gradients .  Figure 43 typif ies  this  locally in t ense  rainfal l  p a t t e r n  

with a gradient  f rom 12.9 c m  (5.08 inches)  of rainfal l  a t  Turkey,  Hall County ,  Texas,  

t o  ze ro  rainfall  a t  Quitaque,  Briscoe County ,  Texas,  over  a d i s t ance  of only 16 km (10 

miles).  Intensi ty of rainfal l  has  been re la ted  d i rec t ly  (correlat ion coe f f i c i en t  0.96 t o  

0.93) t o  soil loss over a 10-year period (Wischmeier and Smith,  1958). Locally in tense  

rains such as those  in t h e  Texas  Panhandle also t e n d  t o  have  la rger  raindrops capab le  



of displacing la rger  grains of s u r f a c e  ma te r i a l  as a resul t  of g r e a t e r  fal l  ve loc i t ies  

(Laws and Parsons, 1943). The semiar id  c l i m a t e  of t h e  Texas Panhandle hampers  t h e  

growth  of vegeta t ion;  hence  p lant  cover  does  no t  s eve re ly  r e s t r i c t  raindrop impac t  and  

s u r f a c e  flow. Also, cul t ivat ion and graz ing  fu r the r  reduce  or s t r e s s  t h e  vege ta t ion  

cover .  

Field ev idence  suggests  t h a t  s u r f a c e  sed imen t  is temporar i ly  s to red  within l a rge r  

s t r e a m  channels  of higher order  a s  gradients  dec rease  and flow in f i l t r a t e s  t h e  channel  

bot tom.  Subsequent rainfal l  of differ ing in tens i ty  or spa t ia l  dis tr ibut ion m a y  t h e n  

move s to red  m a t e r i a l  and,  consequently,  con t r ibu te  new sediment  for  t r anspor t  by t h e  

dra inage  sys tem.  In t h e  absence  of r e s i s t an t  lithologies east of t h e  Caprock  

Escarpment ,  f luvial  processes a r e  suf f ic ien t ly  a c t i v e  t o  pe rmi t  s t r e a m s  such a s  L i t t l e  
% 

Red River  t o  expor t  e f f ic ien t ly  sediment  e roded f rom t h e  Caprock Escarpment  a r e a ,  

as well a s  cont inue  downcutt ing along the i r  channel .  Eff icient  t r anspor t  is indica ted  

by smooth  longitudinal s t r e a m  profi les  t h a t  l ack  local  base  levels  which will s low 

sediment  t ranspor t .  

Langbein and Schumm (1958) suggest  t h a t  maximum sediment  yield f rom a 

dra inage  basin resul ts  f r o m  25.4 t o  35.6 cm/yea r  (10 t o  14 inches lyear )  of e f f e c t i v e  

prec ip i ta t ion  at a r e fe rence  annual  t e m p e r a t u r e  of 50 '~ .  Because mean  annual  

t e m p e r a t u r e s  in t h e  Texas  Panhandle r ange  f rom 5 9 . 7 ' ~  (15.4 '~)  a t  Lubbock t o  5 7 . 4 ' ~  

(14.1 '~)  a t  Amari l lo (National  Ocean ic  and Atmospher ic  Administrat ion,  1977a and b), 

e f f e c t i v e  prec ip i ta t ion  over t h e  Palo Duro Basin would be  less t han  t h e  40.6 t o  50.8 c m  

(16 t o  20 inches)  of measured  prec ip i ta t ion  due  t o  evapotranspirat ion.  Rainfall i n  a 

grassland environment combined with t h e  in tens i ty  typica l  of thunders torm prec ip i ta -  

t ion makes  t h e  Rolling Plains, t h e  Pecos Plains, and t h e  Caprock Escarpment  (fig. 40) 

c l imat ica l ly  favorable  fo r  ac t ive  erosion.  A re la t ive ly  low degree  of indurat ion of 

s o m e  rock units  and loca l  topographic  relief enhance  t h e  erodibi l i ty of s u r f a c e  soil and  

sediments  along t h e  Caprock Escarpment .  Sediment  removal  f r o m  t h e  High Plains 

su r f ace ,  however,  is l imi ted  because  of low s u r f a c e  slope gradients ,  nonin tegra ted  

drainage,  and a l t e r a t ion  by man.  
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Figure 41. P e r c e n t a g e  f r equency  of t hunde r s to rms  in  t h e  region of t h e  Palo Duro 
Basin based on hourly observa t ions  (compiled f r o m  Or ton ,  1964). 
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Figure 42. Thunderstorm days  per  month ,  Amari l lo ,  Texas  ( d a t a  f r o m  Or ton ,  1964). 



Figure 43. Isohyetal map (contours in inches) based on 24-hour rainfall ending 7 a.m., 
August 29, 1968. River discharge (ft3/sec) is mean daily flow for 24 hours ending 
midnight, August 29, 1968. 



R U N O F F  CHARACTERISTICS AND A FLOOD IN T H E  TEXAS 
PANHANDLE 

Rober t  J. Finley 

Limited discharge records on the Prairie Dog Town Fork of the Red 
River illustrate exceptional flood return frequency trends and peak 
discharges, such as occurred during the flood of May 27, 1978. 

Retu rn  f requencies  for  f loods on t h e  Pra i r ie  Dog Town Fork of t h e  Red River  

have been ca lcula ted .  A plot  of ins tantaneous  d ischarge  fo r  t h e  f lood on May 27, 1978 

(fig. 44) shows t h e  f lashy i n t e r m i t t e n t  f low c h a r a c t e r i s t i c  of t h e  Pra i r ie  Dog Town 

Fork. Occur rence  of such high peak discharges during a re la t ive ly  sho r t  period of 

r eco rd  a f f e c t s  t h e  shape  of t h e  flood r e tu rn  f requency plots  (figs. 45 and 46) fo r  th is  

s t r eam.  High rainfal l  in tens i ty  and  d i f ferences  in t h e  geomorpnic  configurat ion of 

cont r ibut ing  a r e a s  may  be  among t h e  variables which con t r ibu te  t o  a n  upper,  s t e e p e r  

s egmen t  of f lood f requency cu rves  for  t h e  Texas Panhandle. 

Assuming t h e  May 27, 1978 even t  is typica l  of high d ischarge  even t s  in  this  

region, the i r  occu r rence  i s  a signif icant  f a c t o r  in s ed imen t  expor t  f rom t h e  Southern 

High Plains. Under t h e  present  c l ima t i c  reg ime,  major  erosion,  deposition, and s t r e a m  

propagation seem t o  occur  in d i sc re t e  s teps  r e l a t ed  t o  s t o r m  events .  Analysis of such 

even t s  in conjunction with h is tor ic  records  is o n e  phase of geomorphic  analysis of t h e  

Texas Panhandle region which addresses  t h e  r a t e  of wes tward  r e t r e a t  of t h e  Caprock 

Escarpment.  

On May 26, 1978, heavy rains f rom thunders torms fe l l  in nor thwest  Randall  

County  in t h e  ups t ream reaches  of Palo Duro Creek .  Rainfal l  dis tr ibut ion of th is  

s t o r m  (fig. 47) shows a peak  of 13 c m  (5.1 inches)  at Canyon,  Texas  and  7.1 c m  (2.80 

inches)  at t h e  Buffalo Lake  erosion monitoring loca t ion  16 km (10 miles)  southwest  of 

Canyon. These pa rame te r s  typify t h e  in tense ,  local ized rainfal l  cha rac t e r i s t i c  of t h e  

Texas  Panhandle region. Rainfal l  in tens i ty  at Buff a10 Lake  brief ly exceeded 10.2 

cm/hour  (4.0 inches/hour),  and t h e  maximum in tens i ty  fo r  a 30-minute period was 

approximate ly  6.4 cm/hour (2.5 inches/hour)  (fig. 48). 

Published re turn  f requencies  for  rainfal l  ( t ab l e  4) show t h a t  prec ip i ta t ion  a t  

Buffalo Lake  has  a r e tu rn  period just less t h a n  10 years  fo r  an even t  las t ing  3 hours. 

The 24-hour rainfal l  t o t a l  of 13 c m  at Canyon,  Texas,  has  a r e tu rn  period just under 25 

yea r s  ( t ab l e  4). However, ca lcula t ions  for  t h i s  s tudy of r e tu rn  f requencies  for  24-hour 

rainfal l  t o t a l s  at Canyon (55-year period of record)  suggest  t h a t  Hershfield 's  (1961) 

d a t a  ( t ab l e  4) a r e  somewha t  low. For  example ,  a 12.9 c m  (5.1 inches)  daily rainfal l  has 



a re turn  f requency of 1 9  years  compared  t o  t h e  published value of 23 years ,  while a 

14.7 c m  (5.8 inches)  daily rainfal l  has  a r e tu rn  f requency of 28  yea r s  compared  t o  t h e  

published value of 50 years .  

As a resu l t  of t h e  12.9 c m  (5.1 inches)  of rainfall  at Canyon on May 26, 1978, 

s ignif icant  erosion and sediment  t ranspor t  occurred  in Randall  a n d  Armst rong 

Counties .  A t  t h e  Buffalo Lake  erosion monitoring s ta t ion ,  erosion pin f ields showed 

ave rage  ne t  erosion of 1.45 t o  3.06 c m  (0.57 t o  1.2 inches)  wi th  a maximum value of 

6.2 c m  (2.4 inches)  ( t ab l e  5). Erosion pins were  set in February  and March, 1978, and  

remeasured  June  3-4, 1978. Deposition followed erosion a t  some  erosion pins. 

Headcuts  in alluvial-colluvial ma te r i a l  in t h e  s tudy canyon migra ted  headward up t o  1 2  

m (39.4 f ee t ) ,  and la rge  volumes of ca l i che  rubble were  ca r r i ed  down t h e  canyon. 

Larges t  bloc'ks moved were  approximate ly  1 rn (3.3 f e e t )  in s i ze  ( in t e rmed ia t e  axis). 

S t r eam incision in to  alluvial-colluvial ma te r i a l  in a canyon ad jacen t  t o  t h e  canyon 

being moni tored  revealed  a l t e r n a t e  layers  of ca l i che  gravel  and f ine r  mater ia l s ,  

probably resul t ing f r o m  pas t  repe t i t ive  even t s  wi th  high capac i ty  for  s ed imen t  

t r anspor t  . 
A s t r e a m  bar consist ing predominantly of gravel-sized ca l iche  f r agmen t s  (fig. 49)  

i l lus t ra tes  t h e  morphology assumed by sediment  del ivered during this  s to rm f rom a 

t r ibu ta ry  canyon t o  t h e  ma in  study canyon a t  Buffalo Lake. Intermediate-axis  lengths  

of f ive of t h e  la rges t  c l a s t s  on t h e  bar  range  f rom 46 t o  7 0  c m  (18.1 t o  27.6 inches), 

and  t h e  thickness of sediment  var ies  f rom 30 t o  50  c m  (11.8 t o  19.7 inches) over  most  

of t h e  bar .  Spot thicknesses up t o  1 m (3.3 f e e t )  w e r e  noted  where  groups of cobbles  

and  boulders a r e  present .  

The very heavy prec ip i ta t ion  in t h e  watersheds  of Palo Duro and Tier ra  Blanca 

Creeks  produced a flash flood along t h e  Pra i r ie  Dog Town Fork of t h e  R e d  River ,  t h e  

higher order  t runk  s t r e a m  fed  by Palo Duro Creek .  Water  crossing No. 1 within Pa lo  

Duro Canyon S t a t e  Park was  covered  by 4.2 m (13.7 f e e t )  of w a t e r ,  as indicated b y  

flood debris surveys. Up t o  1 m (3.3 f e e t )  of s ed imen t  was  deposi ted in some  a r e a s  by  

overbank flow. A spat ial ly var iab le  pa t t e rn  of deposi t ion,  followed by scouring of t h e  

newly deposi ted sediment ,  was  documented  by de ta i led  s tudies  within a s ingle meande r  

bend of t h e  r iver .  Flood even t s  of this  magni tude  resul t  in s ignif icant  bedload 

t r anspor t ,  undercut t ing  of canyon walls wi th  subsequent  slumping, and del ivery of 

sediment  t o  t h e  s t r e a m  channel ,  which may,  in t u rn ,  be  t ranspor ted  by runoff a t  lower 

f low stages.  Study of overbank deposi ts  will a id  in t e rp re t a t ion  of f luvial  deposi ts  

along t h e  Canadian River  and t h e  Pra i r ie  Dog Town Fork  e a s t  of t h e  Caprock 

Escarpment.  An understanding of t h e  age ,  position, and s lope  of t e r r a c e  su r f aces  i s  

one  approach t o  de t e rmine  erosion r a t e s  for  t h e  Southern High Plains. 



Table 4. Rainfall frequency for Randall County, durations of 30 minutes, 
3 hours, and 24 hours; return periods of 1 to 100 years (data from 
Hershfield, 1961 ) .  

Return Period (years) Duration Magnitude (inches) 

30 minutes 

30 minutes 

30 minutes 

30 minutes 

30 minutes 

30 minutes 

30 minutes 

3 hours 

3 hours 

3 hours 

3 hours 

3 hours 

3 hours 

3 hours 

24 hours 

24 hours 

24 hours 

24 hours 

24 hours 

24 hours 

24 hours 

Table 5. Erosion pin measurements at the Buffalo Lake monitoring 
station following the May 26, 1978 storm. 

Net Erosion 
Slope Number of 
Class Pins in Class Average Maximum Minimum 
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Figure  44. Ins tan taneous  d ischarge  based on hourly compu ta t ions ,  Lakeview gauge ,  
Pra i r ie  Dog Town Fork  of t h e  R e d  River .  
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Figure  45. Re tu rn  i n t e rva l  of annual  peak  d ischarge  based on  1968-1976 w a t e r  years.  



Figure 46. Return interval of annual peak discharge based on 1964-1976 water  years. 

Figure 47. Isohyetal map (contours in inches) based on 24-hour rainfall ending 7 a.m., 
May 27, 1978. River discharge ( f t3 /sec)  is mean daily flow for 24 hours ending 
midnight, May 27, 1978. 



Figure 48. Rainfal l  inten-  
s i ty  cu rve  f r o m  Buffalo 
Lake  erosion monitoring 
locat ion.  
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Figure  49. Plan view and 
se l ec t ed  cross  profi les  f o r  
gravel  bar deposi ted dur- 
ing May 27, 1978 s to rm,  
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Buffalo Lake Tr~butary Canyon s ta t ion .  



GEOMORPHIC MAPPING 

Thomas C. Gustavson and Rober t  J. Finley 

Geomorphic mapping of  the Llano Estacado and adjacent areas 
provides a means to  extrapolate modern geomorphic process and rate 
data from process study sites to other areas of the High Plains--an 
example is the role of playas in development o f  High Plains 
drainage. ' 

Based on t h e  analyses of 1:24,000 topographic  maps,  black-and-white control led 

ae r i a l  photomosaics (1:24,000) of various vintages,  and  color- infrared ae r i a l  photo-  

graphs  (1:80,000; 19771, geomorphic map  units  for  t h e  High Plains w e r e  defined using 

unique combinations .,of geologic subs t r a t e  and  soil,  landform morphology and topo- 

graphy,  geologic process,  and b io ta  (Woodruff and o thers ,  in press; Gustavson and 

Cannon, 1974; Wermund and o thers ,  1974; and Brown and o thers ,  1971). 

The Llano Es tacado is a broad f l a t  plain, sloping gent ly  t o  t h e  south and east a t  

abou t  1.5 m/km (8 fee t lmi l e ) ,  and broken locally by numerous,  smal l ,  in te rna l ly  drained,  

ephemera l  l ake  basins (usually ca l led  playa lakes). Regional  dra inage  is rec t i l inear  t o  

t h e  southeas t  and east, consist ing of draws t h a t  ex t end  ent i re ly  across  t h e  Llano 

Estacado. Interf luve a reas ,  which accoun t  for  t h e  major i ty  of t h e  Llano Estacado 

su r face ,  do  not exhibi t  i n t eg ra t ed  drainage.  

Cha rac t e r i s t i c  geomorphic  units  of t h e  High Plains a r e  i l lus t ra ted  in f igure  50. 

1. Playa bo t toms  include e i t h e r  dry or water-f i l led ephemera l  ponds t h a t  

cover  f rom 1 t o  15  h a  (2.5 t o  38 ac )  and a r e  commonly  up t o  10 m (33 

f e e t )  deep. 

2. Playa sides a r e  t h e  c a t c h m e n t  a r e a  for  deeper  ( g r e a t e r  t han  5 m (16 

f e e t )  deep) playas. 

3. Lee  dunes a r e  low topographic r ises  (commonly only abou t  3 m (10 f e e t )  

of rel ief)  ad j acen t  t o  some  of smal l  playas. 

4. Swales a r e  long, nar row (s t ra ight  or sinuous), nearly f l a t  a r e a s  with 

concave-up slopes. They occur along e i t h e r  bo t toms  of draws or a r e  sho r t ,  

nar row,  poorly fo rmed  a r e a s  be tween  or  draining into playas. 

5. Swale s ides a r e  water -ga ther ing  slopes for  swales. 

6. The High Plains s u r f a c e  is composed of f l a t ,  gent ly  sloping su r f aces  t h a t  

surround major  dra inage  f e a t u r e s  and  playa lakes. 

l ~ e o r n o r ~ h i c  mapping developed in  conjunction wi th  C. M. Woodruff,  Bureau of 

Economic Geology, The  Universi ty of Texas a t  Austin. 



Playa lakes a r e  aligned in a northwest-southeast direction in many a reas  of t h e  

Llano Estacado, approximately parallel t o  regional slope. Elements of recti l inear 

drainage on the  High Plains probably developed from interconnection of playas. 

During storms,  playas filled, overtopped divides, and flowed downslope into t h e  n e x t  

playa. Many repeti t ions of this  process led t o  formation of a su r face  drainage network 

of interconnecting swales, playas, and draws, ul t imately producing the  present  

recti l inear drainage. 



Figure 50. Geomorphic map of a small  drainage basin approximately 50 km eas t -  
northeast  of Lubbock. 



ANALYSES O F  SURFACE LINEAR ELEMENTS AND JOINTING, 
TEXAS PANHANDLE 

Rober t  3. Finley and Thomas C. Gustavson 

Landsat imagery of the Texas Panhandle has been used to  define 
linear physiographic elements, or lineaments; the Amarillo-Plainview 
area exhibits lineaments typical of High Plains and Rolling Plains 
physiographic regions. 

An examinat ion  of 1:250,000-scale geologic maps  of t h e  Panhandle of Texas  

reveals  a notable  l ineari ty of s t r e a m  segmen t s  and  sca rps  and  an  al ignment of p laya  

l a k e  depressions. Specially enhanced sa t e l l i t e  imagery  was used in a comprehens ive  
2 study of a 200,000 km a r e a  including t h e  High Plains over  t h e  Palo Duro Basin (fig. 

51). More than  4,650 l inear  f e a t u r e s  were  de l inea ted  f rom Landsat  imagery.  

This study was  under taken  t o  examine  (1) t h e  prevalent  or ien ta t ions  of l inear  

physiographic t rends ,  and (2) t h e  relat ionships be tween  t h e s e  t r ends  and geologic 

s t ruc tu re  of nor thwest  Texas and e a s t e r n  New Mexico. Good corre la t ion  be tween  

or ien ta t ion  of s t r a igh t  physiographic f e a t u r e s  and s t ruc tu ra l  e l emen t s ,  ranging f r o m  

joints t o  basement  f ea tu re s ,  suggests  some  degree  of s t ruc tu ra l  con t ro l  of s u r f a c e  

morphology. Lineaments  in t h e  Texas  Panhandle def ined  f r o m  Landsat  image ry  r a n g e  

in length f rom 2 t o  40 km. 

Each Landsat  image  was analyzed in conjunction wi th  1:250,000-scale topo- 

graphic and geologic maps  t o  develop l ineament  ca t egor i e s  and  t o  avoid inclusion of 

man-made f e a t u r e s  in t h e  analysis.  Five ca t egor i e s  of l ineaments  were  noted ,  

including su r f ace  drainage,  scarps,  playa a l ignments ,  l inear  geologic c o n t a c t s ,  a n d  

tona l  anomalies .  Special e f f o r t  was  made  t o  exc lude  roads  and f ield boundaries and t o  

d e t e c t  appa ren t  l i neamen t s  due t o  agr icu l tura l  p rac t i ce s .  Analysis of t h r e e  Landsa t  

scenes  (blocks 3, 4, and 6, fig. 51) was  comple t ed  on specially enhanced false-color  

composi te  imagery.  

On block 3, covering t h e  Amarillo-Plainview a r e a  (fig. 52), 1,286 l i neamen t s  

were  identif ied.  Of these ,  522 a r e  on t h e  High Plains, 726 a r e  on t h e  Rolling Plains, 

and  38  a r e  r e l a t ed  specif ical ly t o  t h e  Caprock Escarpment .  High Plains l ineaments  a r e  

dominantly dra inage  f e a t u r e s  (56 pe rcen t )  and  playa a l ignments  (31 percent ) .  In t h e  

Rolling Plains, where a n  in t eg ra t ed  dra inage  sys t em is developed, 95 pe rcen t  of t h e  

l ineaments  a r e  dra inage  f ea tu re s .  In t h e  Rolling Plains physiographic province,  t ona l  

anomal ies  probably represent  poorly developed dra inage  f e a t u r e s  and a r e  much less  

f requent .  Playa lakes a r e  absent .  Lineari ty of many s t r e a m  segmen t s  in t h e  Rolling 



Plains is s tr iking,  a s  is t h e  overal l  symmet ry  of t h e  North and Middle Pease  Rivers  in 

Motley County  (fig. 52). Cont ro l  of physiography is indica ted  by a joint p a t t e r n  

pers i s ten t  over  t h e  a r e a  of a county  and perhaps  a region. 

Lineament orientat ions--Azimuth f requency d iagrams i l l u s t r a t e  t h e  or ien ta t ion  

of l ineaments  derived f rom Landsat  imagery  (fig. 53). The  High Plains d a t a  show a 

t rend  c e n t e r e d  a t  300' t o  320' and  a subordinate,  or thogonal  t r end  at  30' t o  50' (fig. 

53). Lineaments  on t h e  Caprock Escarpment ,  which have  he re  been  sepa ra t ed  f rom 

t h e  High Plains da t a ,  a r e  derived f rom Landsat  s cenes  3, 4, 6, and  7 (fig. 51). Drainage 

f ea tu re s ,  playa a l ignments ,  and . tonal  anomal ies  con t r ibu te  t o  t h e s e  t rends.  Most tonal  

anomalies  represent  incipient  dra inage  or swales which c a r r y  i n t e r m i t t e n t  flow 

between playas. Drainage or ien ta t ion  along regional s lope  commonly assumes  a 

modified rec t i l inear  p a t t e r n  suggest ing s t ruc tu ra l  con t ro l  by orthogonal  jointing. This 

hypothesis is supported by a s imilar  t r end  of orthogonal  joint s e t s  measured  in 

outcrops.  

Lineaments  defined off t h e  High Plains a r e  primari ly f rom t h e  Rolling Plains and 

t h e  Pecos Plains, and f rom t h e  Canadian  Breaks and a sma l l  pa r t  of t h e  Edwards 

Pla teau  (fig. 40). These d a t a  def ine  a predominant  t r end  at 0' t o  20' and subordina te  

t rends  a t  60' t o  70' and a t  300' t o  330'. Two types  of dra inage  f e a t u r e s  a r e  common: 

s t r e a m  segmen t s  and dra inage  lines. S t r eam segmen t s  a r e  re la t ive ly  shor t ,  s t r a igh t  

channel  reaches  t h a t  a r e  normally connec ted  at sharp ,  angular  junctions suggest ing 

joint intersect ions.  These a r e  t h e  sho r t e s t  l ineaments  recognized with lengths  down t o  

2 km (1.2 miles); t hey  represent  less -vegeta ted ,  h igh-ref lec tance  a c t i v e  f luvial  

channels. Drainage l ines deno te  l inear  valley t r ends  which may  b e  independent  of t h e  

or ien ta t ion  or l inear i ty  of smal le r  s t r e a m  segmen t s  within t h e  t rend .  Vegetat ion,  

minor topographic scarps ,  and overal l  i n t eg ra t ed  dra inage  p a t t e r n s  a r e  useful  in 

recognizing dra inage  lines. A s t r e a m  in nor th-cent ra l  Donley County  (fig. 52) 

i l lus t ra tes  how a ser ies  of l inear  s t r e a m  segmen t s  can  b e  defined within a longer,  

l inear  t rend  of a dra inage  line. Commonly both long t rends  of a dra inage  l ine and 

sho r t  s t r e a m  segmen t s  coincide wi th  prevalent  l ineament  or ien ta t ions ,  indicat ing 

possible cont ro l  by pr imary  and secondary  joint s e t s .  

Jointing--More than  1,100 joint measu remen t s  have  been  recorded f rom near-  

ver t ica l  joint f a c e s  of t h e  Te r t i a ry  Ogallala ,  Triassic  Dockum, and Permian  Quar ter -  

m a s t e r  Formations.  Jo in ts  in t h e  Ogal la la  Format ion  a r e  poorly developed,  i rregular  

and confined t o  t h e  ca l i che  caprock.  Cal iche  caprock outcrops  locally exhibi t  a 

regular  s awtoo th ,  exposed f a c e  wi th  roughly cubic  ca l i che  blocks on s c r e e  s lopes 

below, suggest ing t h a t  orthogonal  joints in t h e  Ogallala  cap rock  enhance  weather ing  

and erosion. 



Jo in ts  a r e  well defined in sandstones of both t h e  Dockum and Q u a r t e r m a s t e r  

Format ions ,  and  most  of t h e  joint d a t a  w e r e  recorded f rom t h e s e  t w o  units.  Extension 

f r a c t u r e s  nea r  canyon walls  were  avoided. Graphic  plots  of joint or ien ta t ions  (figs. 54 

a n d  55) and joint plots  on geologic maps  (figs. 56 and  57) i nd ica t e  t h a t  major  joint 

t r ends  vary  geographical ly and a r e  or ien ted  wes ter ly ,  nor thwester ly ,  northerly,  and  

nor theas ter ly .  Major joint t r ends  a r e  para l le l  t o  (1) major  basemen t  s t ruc tu ra l  t r ends  

(fig. 2); (2) s t r e a m  and valley segmen t s  and e sca rpmen t s ;  and (3) t r ends  of p laya  

a l ignments  and  draws on t h e  Llano Estacado.  Thus t h e  development of s t r e a m s  a n d  

sca rps  on and off t h e  Llano Es tacado is r e l a t ed ,  in pa r t ,  t o  joint orientat ions.  T h a t  

joints a c t  as p re fe r r ed  zones of ground-water  movemen t  i s  indica ted  by solut ion 

cav i t i e s  along joints in t h e  Ogal la la  ca l i che  caprock and by local ,  p referent ia l  solution 

of c e m e n t s  along joints in t h e  Dockum Formation.  
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Figure 51. General ized f r a m e  boundaries  for  Landsat  cove rage  of t h e  Texas  
Panhandle, numbered  fo r  r e f e rence  t o  t e x t  discussion. 
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Figure 52. Lineaments derived from false-color composite Landsat imagery,  Texas 
Panhandle region. 



Figure  53. Lineament  t r ends  in t h e  c e n t r a l  Texas  Panhandle and  ad jacen t  New 
Mexico. 
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Figure 54. Summary of joint orientat ions grouped by locality, Texas Panhandle region. 
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Summary of joint orientations grouped by locality, Texas Panhandle region. 

Figure 56. Geologic map and joint distribution, Buffalo Lake a rea ,  Texas Panhandle ,  
region. 



Figure 57. Joint orientations and geologic map, Palo Duro Canyon, Texas Panhandle 
region. 



S A L T  DISSOLUTION 

Thomas C. Gustavson 

Dissolution of Permian bedded salt is an active process that has 
resulted in major post-Permian structures and is the source of high 
dissolved loads in streams draining the Llano Estacado and Rolling 
Plains. 

Salt  dissolution has  been  identif ied along t h e  e a s t e r n  e sca rpmen t  of t h e  Llano 

Es tacado and along t h e  southern  margin of t h e  Canadian  River  Valley, where  s a l t  beds 

l i e  f rom 500 t o  2,000 f e e t  (150 t o  600 m )  deep  (fig. 58). The  coinc idence  of dissolution 

zones and major  su r f ace  erosional  f e a t u r e s  s trongly suggests  t h a t  t h e r e  i s  a causa l  

in ter re la t ionship  betitreen t h e  processes and a r e a s  of su r f ace  erosion and t h e  locat ion 

of subsurface  dissolution zones.  Unless t h e  coinc idence  of s u r f a c e  erosional  f e a t u r e s  

and dissolution zones is en t i re ly  for tu i tous ,  r a t e s  of s u r f a c e  s c a r p  r e t r e a t  and 

subsurf a c e  dissolution zone  r e t r e a t  f rom t h e  l a t e  Te r t i a ry  t o  t h e  present  must  have 

been approximate ly  equal .  Reen t r an t s  in t h e  dissolution zone  occu r  below reen t r an t s  

in t h e  eas t e rn  e sca rpmen t  of t h e  Llano Es tacado where  major  s t r e a m s ,  t h e  Canadian 

River ,  Pra i r ie  Dog Town Fork of t h e  Red River ,  and Qui taque  Creek ,  pass through t h e  

e sca rpmen t .  Thus, s t r e a m  development and incision a r e  probably influenced by t h e  

position of t h e  s a l t  dissolution zone. 

To underst and regional  geologic s t ruc tu ra l  changes  t h a t  have  occurred  s ince  t h e  

Permian  Period, a s t ruc tu re  contour  m a p  (sea level  da tum)  on t h e  t o p  of t h e  upper 

Permian  Alibates Format ion  was prepared  (fig. 59). The  Al iba tes  is a pers i s ten t  

marker  unit which consists  of one  or  more  beds of dolomi te  and/or  anhydr i te  

(approximately 45 f e e t  or  15 m thick). Its thin bu t  widespread distr ibut ion suggests  t h a t  

t h e  deposi t ional  topography of t h e  Permian  evapor i t e  basin in t h e  Texas  Panhandle was 

re la t ive ly  f l a t .  If la rge  depressions or  highs were  p re sen t  during deposi t ion,  thickness 

of t h e  Alibates Format ion  would vary signif icantly over  paleotopographic depressions 

o r  highs. 

Major s t ruc tu ra l  depressions a r e  defined by e levat ions  on t h e  upper s u r f a c e  of 

t h e  Alibates Format ion  in Oldham, Har t ley ,  Moore, and  Carson Counties .  The 

depression in Oldham, Har t ley ,  and Moore Count ies  w a s  fo rmed  in  p a r t  by sa l t  

dissolution and collapse/subsidence of t h e  subjacent  Permian evapor i t e  sequence  wi th  

subsequent  infilling by Triassic  and Te r t i a ry  sediments .  The  southern  margin of t h e  

depression coincides wi th  t h e  t r end  of underlying dissolution zones  (fig. 58). The 

s t r u c t u r a l  basin and s a l t  dissolution f ron t s  para l le l  and underl ie  a segmen t  of t h e  



Canadian  River  and i t s  val ley,  suggest ing t h a t  dissolution also may  have  influenced t h e  

locat ion of th is  r iver  segment .  

In Carson County ,  a second la rge  depression exhib i t s  approximate ly  300 f e e t  (90 

m) of relief and  is filled with c l a s t i c  sediments  of t h e  Ogallala  Formation.  This  

depression also l ies  within and t o  t h e  nor th  of t h e  dissolution zone  of t h e  subjacent  

Permian  sa l t s ,  again suggest ing a s a l t  dissolution origin. Presence  of th icker  Ogal la la  

deposi ts  in  t h e  depression indica tes  t h a t  t h e  basin exis ted  prior t o  Ogallala  t i m e  a n d  

t h a t  loca l  dissolution was underway prior t o  o r  during deposi t ion of t h e  Ogal la la  

Format ion .  

Along t h e  e a s t e r n  margin of t h e  Palo Duro Basin in Briscoe, Armstrong,  Donley, 

and  Gray  Count ies ,  t h e  dip of t h e  Alibates Format ion  sh i f t s  f rom south t o  e a s t ,  and a 

s t r u c t u r a l  t rough is defined by t h e  2,500-foot (750-m) contour  in nor theas tern  Briscoe 

County.  The  post-Permian trough underl ies  t h e  valley of t h e  Pra i r ie  Dog Town Fork of 

t h e  Red River ,  an  indicat ion t h a t  t h e  Alibates has  been  s t ruc tu ra l ly  depressed here ,  

probably f rom dissolution of underlying bedded Permian  sal ts .  

Twenty-seven f i l led col lapse chimneys  were  discovered in t h e  Permian White- 

horse  Format ion  during cons t ruc t ion  of t h e  Sanford Dam on t h e  Canadian River ,  4 0  

mi les  (64 km) nor theas t  of Amari l lo (fig. 60) (Eck and Redfield,  1963). The chimneys  

a r e  c i rcu lar  t o  el l ipt ical  in c ross  sec t ion  and a r e  filled with s lumped a n d  b recc i a t ed  

sed imen t s  f rom t h e  overlying Triassic  Dockum Group and Ter t ia ry  Ogal la la  Formation.  

Chimneys  apparent ly  fo rmed  when Permian  sed imen t s  col lapsed in to  voids developed 

f r o m  dissolution of Permian  sa l t .  

Severa l  classes of playa lakes  occu r  on t h e  Llano Estacado,  t h e  la rges t  of which 

occur  only over  zones  of s a l t  dissolution or where  s a l t  dissolution has  probably 

occurred  in t h e  pas t .  Comparison of a s t r u c t u r e  contour  map  on t h e  Blaine Format ion  

and a topographic m a p  fo r  an  a r e a  including a l a rge  l ake  in Gray  County  shows t h a t  a 

s t ruc tu ra l  depression of t h e  Blaine Format ion  underl ies  t h e  l ake  (fig. 61). In cross- 

sec t ions  t h e  Blaine thins under t h e  l ake  probably as a resul t  of s a l t  dissolution. 

Topography on t h e  Alibates Format ion ,  as observed in t h e  s t r u c t u r e  contour  m a p  

in f igure  59, t h e  filled chimneys  in t h e  vicinity of Sanford Dam,  a n d  l a rge  l a k e  

depressions all  i l l u s t r a t e  t h a t  major  s t ruc tu ra l  col lapses of as much a s  300 f e e t  (90 m )  

have  occurred  locally at t h e  margin of t h e  Palo Duro Basin as a d i r ec t  resul t  of s a l t  

dissolution. 

S t r eam discharge of solution derived salts--The ave rage  annual  so lu te  load  

discharged f r o m  t h e  Llano Es tacado f r o m  1969 t o  1974 was  2,749,000 tons  (approxi- 

ma te ly  2,493,000 m tons) of dissolved solids including 1,161,000 tons  (approximately 



1,053,000 m tons)  of chloride and 507,900 tons  (approximate ly  460,600 m tons)  of 

su l f a t e  (U. S. Geological Survey, 1970 t o  1975). Nearly half of th is  dissolved load is 

t r anspor t ed  by t h e  Pra i r ie  Dog Town Fork of t h e  Red River  where  t h e  a v e r a g e  load for  

t h e  s a m e  period was  1,033,500 tons  (937,384 m tons)  dissolved solids including 425,300 

tons  (385,817 m tons) of ch lor ide  and 155,800 tons  (141,310 m tons) of su l fa te .  The 

dra inage  basin of t h e  Pra i r ie  Dog Town Fork of t h e  Red  River  ca r r i e s  t h e  l a rges t  

so lu te  load, and is t h e  dra inage  sys t em t h a t  has  e roded t h e  g r e a t e s t  d i s t ance  wes tward  

in to  t h e  High Plains. This fu r the r  i l lus t ra tes  a close coinc idence  be tween a c t i v e  

s t r e a m  incision, s c a r p  r e t r e a t ,  and t h e  wes tward  migrat ion of subsurface  s a l t  

dissolution zones.  

Solute load is described in  t e r m s  of su l f a t e  (So4--), chloride (Cl-), and t o t a l  

dissolved solids (TDS) (fig. 62, t a b l e  6 ) .  In nearly every  case Cl- load, which represents  
-- -- 

solution of bedded sa l t s  a t  depth ,  exceeds  SO4 load. The  SO4 c o n t e n t  of t h e s e  

wa te r s  is derived f rom solut ion of gypsum or anhydri te .  Since solution-modified 

gypsum outcrops  (r i l lenstein up t o  1 c m  across)  a r e  common  along t h e  High Plains 
-- 

Escarpment ,  at leas t  some  of t h e  SO4 c o n t e n t  of t hese  w a t e r s  i s  t h e  resul t  of 

s u r f a c e  solution processes;  nevertheless ,  s o m e  a r e  probably derived by subsurface  

dissolution of gypsum and anhydri te .  



Salt zone dissolufion of 
Son Andres Formation 

I 
Salt zone dissoiut~on of 

Post -Son Andres 
Format~on 

Salt zone dissolution of 
Salado /Tami l  
Formation 

Figure 58. Salt dissolution zones, Texas Panhandle (also refer t o  figures 32 and 33). 



Figure 59. S t ruc tu re  contour  map,  upper Permian  Alibates Formation.  Heavy line 
marks  t r a c e  of Amari l lo Uplift .  
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Contour lntervol=50' 

Figure 60. Filled collapse chimneys at Sanford Dam, Texas. Twenty-seven chimneys 
were  discovered during construction of t h e  dam (from Bock and  Crane,  1963). 
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Figure 61. Superimposed topographic  m a p  of Lake  McConnell and a s t r u c t u r e  contour  
m a p  of a subsidence bowl on t h e  t o p  of t h e  Blaine Formation.  The  cross  sec t ion  A-A' 
shows thinning of t h e  Blaine Format ion  caused  by s a l t  solution. 



Table 6. Water quality (6-year average) for streams 
draining the northern and eastern flanks of the Llano 
Estacado or Southern High Plains. 

103tons per year 
Total 

Dissolved 
Station Solids Chloride Sulfate 

TOTAL AVERAGE ANNUAL SOLUTE EXPORT 

2,757.2 1,134.3 513.1 

aTwo-year average 

b~hree-year average 



Figure 62. Drainage sub-basins and water-quality monitoring stations, Canadian River 
Valley and Rolling Plains (see table 6 for water quality data). 



FUTURE RESEARCH GOALS 

Resea rch  Staff 

The continued goal of nuclear waste management studies in the Texas 
Panhandle is a comprehensive, detailed, integrated, and balanced 
program designed to foresee and address all problems that might 
conceivably a f f ec t  safe isolation of  nuclear materials. 

Research  to  de t e rmine  if a r e a s  t h a t  a r e  potent ia l ly  su i tab le  for  nuclear  w a s t e  

isolation exis t  in t h e  Palo Duro and Dalhar t  Basins has  been  underway s ince  1977, a n d  

t h e  program will probably cont inue  at leas t  through 1982. Funded by t h e  U. S. 

Depa r tmen t  of Energy,  t h i s  program is  being conducted  by t h e  Bureau of Economic  

Geology, The' Universi ty of Texas a t  Austin. 

As outlined in this  r epor t ,  in t h e  ea r ly  phases of t h e  program subsurface  r e sea rch  

has  included regional s t r a t ig raph ic  s tudies of a l l  major  s t r a t a  in t h e  basins, a n d  

descript ions of all  major s a l t  sequences,  including the i r  geometry ,  distribution, 

composit ion,  and  f ac i e s  associat ions.  Continuing studies will provide de ta i led  descrip- 

t ion and gene t i c  i n t e rp re t a t ions  of t h e  s a l t  using c o r e  d a t a  t o  c h a r a c t e r i z e  sa l t  qual i ty 

and  def ine  spec i f ic  s a l t  deposi t ional  and predic t ive  models. Present ly  i t  i s  possible t o  

predic t  f ac i e s  and s a l t  qual i ty variat ions on a basin-wide level. Ideally, a pr imary  goal  

of t h e  research  is t o  develop predic t ive  capabi l i ty  at a de t a i l ed  level.  

Hydrologic s tudies  a r e  being designed t o  de t e rmine  where  w a t e r  occu r s  in t h e  

basins, where  i t  is moving, and how f a s t  i t  is moving. A principal  requi rement  i n  

s ecu re  isolation of was t e  is t h a t  wa te r  must  n o t  invade t h e  reposi tory unit and t h a t  

wa te r  will not  t ranspor t  rad ioac t ive  ma te r i a l s  a w a y  f rom a potent ia l  s to rage  s i t e .  

Because subsurface  aqui fers  a r e  essent ia l  t o  agr icu l ture ,  i t  is absolutely v i ta l  t o  insure 

t h a t  w a t e r  quality will no t  be a f f e c t e d  and t h a t  possible undiscovered wa te r  supplies 

will not  be  contaminated .  

A thorough understanding of resource  potent ia l  in t h e  basins is necessary fo r  

fu tu re ,  potent ia l  s i t e  evaluat ion.  A potent ia l  s i t e  should not  co inc ide  wi th  s igni f icant  

reserves  or po ten t i a l  resources  of energy and minera ls  s o  t h a t  t h e  a r e a  will b e  

p ro t ec t ed  f rom f u t u r e  minera l  and energy explorat ion.  

Basic objec t ives  of s u r f a c e  geomorphic s tudies  have  been t o  ensure t h a t  any  

fu tu re ,  possible nuclear  w a s t e  isolation s i t e s  a r e  s e c u r e  f r o m  erosion,  s t r e a m  incision, 

and  sa l t  dissolution. Continuing s tudies  a r e  designed t o  predic t  accu ra t e ly  r a t e s  of 

s lope r e t r e a t ,  s t r e a m  development,  su r f ace  erosion,  and sediment  t ranspor t .  These  

values will indica te  if or  how soon, even  if considered in  t e r m s  of hundreds of 



thousands of years ,  s u r f a c e  erosion might  a f f e c t  a w a s t e  reposi tory s i te .  Because 

s u r f a c e  l inear  e l e m e n t s  a r e  present  in t h e  region, continuing r e sea rch  is designed t o  

establ ish cause-and-effect  relationships be tween t h e  l inear  anomal ies  and possible 

f r a c t u r e  sys t ems  which may a f f e c t  erosional  and hydrologic processes.  Using t h e  

present  geomet ry  and position of a c t i v e  s a l t  solut ion f ron t s  and volumes ( ra tes )  of s a l t  

being removed f rom t h e  basin by s t r eams ,  i t  i s  an t i c ipa t ed  t h a t  s a l t  solution r a t e s  c a n  

b e  accu ra t e ly  de termined.  
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