OF-WTWI-1984-39

LATE CENOZOIC GEOMORPHIC EVOLUTION OF THE -
TEXAS PANHANDLE ‘AND NORTHEASTERN NEW MEXICO:
CASE ‘STUDIES OF STRUCTURAL CONTROLS
OF REGIONAL DRAINAGE DEVELOPMENT

by -

Thomas C. Gustavson
Robert J. Finley

CAUTION

\

Thic vereet dacemh
This wg,euct cescribes research carrie J out hy staff m@mb ers of the

Burean of Feanmmie Oanl P
Bureau of Economic Geology that addresses the ie,(sgkz!‘hf of the Palo Duro

: The ves port describes the
5 ang current “fa‘” of research and temcmve conclusions reac ned

2 ren e vrm et o L LR
Basin for isolation of high-level nuclear wastes

stations and conclusi uom are based on available data and state-of-the-

ots, and hence, may be modified by more information and fmt‘aﬂr
appiicabon of U s involved ¢ (-!b'l(.,eb "

Prepared for the
U.S. Department of Energy
O0ffice of Muclear Waste Isolation
under contract no. DE-AC-97-83WM46615

)

Bureau of Economic Geology
W.L. Fisher, Director
The University of Texas at Austin
University Station, P.0. Box X
Austin, Texas 78713

QAe7457

- 1984
QQPWDFQW ARIES: T



B
lwi

COPIEL

, CONTENTS

ABSTRACT
| INTRODUCTION
GEOLOGIC SETTING OF THE PALO DURO BASIN

Structural development
~Sedimentation

Physmgrapny of the Texas Pannandle and central—eastern New Mexxco

SALT DIS‘?OLUTION AND SURFACE COLLAPSE—-MAJOR FACTORS
"IN THE PHYSIOGRAPHIC DEVELQPMENT OF EASTERN NEW ME,XICO
AND THE TEXAS PANHANDLE

Evidence of dissolution -
Dissolution along the margins of the Soutnern ngn Plams
Dissolution beneath the Southern ngh Plains
Salado Formation
‘Seven Rivers Formation :
Age of dissolution beneath the Southern H1gn Plalns '
Structural controls of dlssolunon ‘

MIDDLE TERTIARY EROSIONAL SURFACE

Southern ngh Plains (late ’I'er‘nary) paleotopograpny

COMPARISON OF HOLOCENE SOUTHERN HIGH PLAINS DRAINAGE TO _'
' TERTIARY PALEODRAINAGE o

STRUCTURAL CONTROLS ON REGIONAL DRAINAGE DEVELOPMENT
~The Pecos and Canadj.an Rivers
Diversions.of regional péleodrainage e

Pecos River Valley
Canadian River Valley
Prairie’Dog Town Fork of the Red River
Drainage on'the Rolling Plains
Subsidence basms, smkholes, and fractures
Linear drainage elements
Relatlon between aligned surface elements and salt dlssolunon

Southern ngh Plains drainage
Yevll‘orw v,HOUse‘, Blackwater, and Runhi'n’g Water -Draws
Influences of salt dissolution and subsidence on Frio Draw

and Tierra Blanca Creek

EVOLUTION OF REGIONAL PHYSIOGRAPHY
’ o prom ‘
Ty FOR A Fili:::;



i

]
~ Late Tertiary
’fl Late Pliocere to early Plexstocene :
Kansan :
Late Pleistocene to Holocene

Y CONCLUSIONS

5 ACKNOWLEDGMENTS
. REFERENCES |

CQP%ED FOR QOAFILES

t I
.



(
ABSTRACT

KJ

Salt dissolution has affected parts of the Upper Permian Salado, Seven Rivers, San
Andres, Glorieta, and upper Clear Fork Formatlons ‘beneath the Pecos River Valley in eastern
New Mexico and benéath the Canadian River Valley and the Rolling Plains of the Texas
Panhandle. Extensive dissolution of the,ealts of the Salado and Seven Rivers Formations has
also occurred beneath the Southern High Plains. Cumulative thiekness of salt lost to dissolution
exceeds 150/m (500 ft) along the western, northern, and easterri margins )of the Palo Duro Basin.

| Dissolutfon and subsidence occurred during de’pbsitioh of theATertiary Qg_allala Formation,
but Ogallala deposition kept pace with subsi_denc_e'. . Following the end' of Ogallala in the late
Pliocene, surface subsidenee had resulted in laeustrine basins ai'ohg"trends of relatively rapid
dissolution. Preserved lacustrine sediments centain Blancan faur{as,"wnicn confirm minimum

late Pliocene ages for the basins.

Continued subsidence aiong;t'::ends of relatively rapid dissolution during the late Tertiary

~_and early Quaternary resulted in a series of basins that diverted many of the streams that .

f10wecl soutneasterly across the Southern ngn Plains. Asa result of sub51dence, the neadwaters :

of the ancestral Brazos River were diverted durlng the middle Plexstocene from a southeasterly'

‘drainage tnrougn tne Portales paleovalley to a southerly dramage through the Pecos Valley.,
- The present-day headwaters of the Canadian River are probably a former tributary of the
 Pecos-Portales-Brazos system that was diverted to the northeast along ar subsidence trend

caused by dissolution during the late Pliocene or early Quaternary.

On the High Plains surface, several lacustrine basins, Frio Draw, Tierra Blanca Creek, and

~Yellow House Draw, lie above apparent areas of accelerated salt dissolution. These features

also lie above structural depressions of the Alibates Formation, which is stratigraphically above
the salt-bearing units. Most of the features also overlie either paleostream valleys or closed
depressions on the middle Tertiary erosional surface. Faunal evidence suggests that the

‘. :
present-day stream valleys formed as early as late Pliocene time. Lacustrine basins probably
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eastern New Mexico. -

L : _ )

- formed between late Pliocene and early Quaternary. The basins and stream valleys probably

owe most of their form to normal fluvial afid eolian erosional processes. Their location,

however, is probab_ly the result of dissolution-induced subsidence.

Caprock Escarpment are being extensively dissected, suggesting that much of the

drainage on the Rolling Plains’ in the Texas Panhandle developed during the late Pleistocene and

 Holocene. That much of the drainage ‘is coht_i'olled by dissolution-induced subsidence is

indicated by parallelism between major stream Seg“merits and dissolution fronts for Permian
salt-bearing units. Furthermore, minor stream segments parallél the preferred orientations of
numerous subsidence basins that are on the surface of the alluvial fans. "B”o‘t,h straight segmehts

of minor streams and long axes of subsidence basins are aligned parallel to ’the"pfeferred

orientations of the regional fracture system. Dissolution was probably accelerated along -

fracture trends, resulting in subsidence basins that ba"rallel fracture t{e'nds‘ and, in turh, the

alignment of drainage as subsidence basins were incorporated into the drainage network.

Key&di‘ds: Geomorphology, physiography, salt dissolution, Cenozoic, ‘VI"exaé‘VPanhahdle,- north-

¢
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INTRODUCTION

The Palo Duro and Dalhart Basi‘ns of the Texas Panhandle and eastern New Mexico contain 3
bedded Permian salts of suftlclenc tmckness and depth to be cons;dered as potentlal sites for
long—term storage and isolation of hlgh-level radloactlve nuclear waste (flg 1) (Johnson, 1976)
Salt (primarily hallte) is a desirable host rock because of its low permeablllty, low moisture

content, and high gamma-»ray-shleldlng propertxes. L

Zones of active salt dlssolutlon have been 1dent1f1ed along the eastern and western'

Caprock, Escarpments of the Llano Estacado, or Southern High Platns, along the southern margm

“of the Canadlan Rlver Valley, and beneath the Canadlan Rlver west of Amarillo (Johnson, 1981 ’

Gustavson and others, l980a' Presley l980a, b). T he comc1dence ot' these zones of dlssolutlon,

Soutnern ngn Plains escarpments, and ma]or stream segments strongly suggests that the

,processes of dlSSOlUthn and sub51dence have 1ntluenced the development of both dralnage

systems and erosmnal scarps. In. addltlon, ev1dence of wide spread dlssolutlon beneath the

”’Southern ngn Plalns has been recogmzed (McGookey and others, in press, Gustavson and -
"'Budmk in press) To det‘ermlne‘ wnether the contlnued development of dralnage systems'm the
‘Texas Panhandle and eastern New Mexxco could adversely affect future waste lsolatlon Sl‘teS,

the geologic cnaracterlstlcs and processes that affect dramage development must be under-n

stood. This report descrlbes certaln structural and topographlc‘controls of both»anc1ent and
modern dralnage development in the Texas Panhandle and in eastern New Mex1co. |

Many dramage elements in eastern New ‘Mexico, the ’l'exas Pannandle, and western
Oklahoma have been attrlbuted to the ad]‘ustment of dramage segments tobedrock structure.

Sp.tegel (1972) attrxbuted the morphology of the Canadtan River in eastern New Mex1co to the

rlver s ad;ustment to. mld-Plelstocene normal faults. Fay (1959) suggested that the present-day'

7

course of the Canadian R~1ver in western Oklahoma is caused by the river's ad]ustment to the -

'strlke -of Permlan outcrops exposed across the reglonal surtace slope and to stream plracy.

Brown (1967) offered an alternatlve explanatlon suggestlng that the river has ad;usted to deep— -
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basin structure to form a serles -of three large loops. The loops overlie a series of synclines
!

* attributed in part to solutlon and collapse of the Blame and Clmarron Anhydrltes. Gustaszn

- and Finley (1982a, b) have suggested that tne path of the Canadlan River in eastern New Mex1co

g ’P&VW\&-« $C1-l!f'
and the Texas Panhandle was strongly influenced by d1ssolut10n and subsxdence.

The 'development o:E the Pecos Rlver ln.New Memco‘where 1t parallels the western

Caprock Escarpment of the Sou Lhern ngh Plalns has been attrlbuted to dxssolutlon and collapse
along the strike of Permlan evaporltes (’\/lorgan, 1941 Tnomas, 1972 Kelley, l972 Gustavson

and Flnley, l982a, b). Accordmg to these 1nterpretat10ns, streams flowmg southeasterly across

the Ogallala surface became ponded along the trend of the dlssolutlon-collapse zone., Progres- |
sive headward plracy by the Pecos River followed culmmatmg in plracy of the headwaters of
the Brazos Rlver. Thomas (1972) and Kessler (1972) suggested that a part of the neadwaters of
‘ the Pecos System were then beheaded by the Canadlan River. Dolhver (1984) has synthesR'édﬁ:

mucn of the literature pertamlng to tne development of the- Canadlan River Basm. L

Fenneman (1931) class1f1ed streams drammg the ngh Plams as "consequent"- that 1s, they

are ad]usted only to the surface slope of the ngh Plams. Reeves (l970) and Flnch and erght

(1970) related the recnhnear draws, which are tne ma]or dralnage features on the Southern v

ngh Plams surface, to a system of lnferred nortnwest-soutneast and- northeast-soutnwest '

>(w_')§ B

fractures. They differed, however, in their 1nterpretat10ns of the origin of tne fractures. Flncn

“and Wright ‘proposed a structural flexure or fault along the Runmng Water and White Water

Draws. Reeves, on the other hand, suggested that the fractures are related to the "regmatxc'

shear pattern" of basement rocks. Recently, WQodruff and others (l979) related tne develop—

i

ment of draws to. pondlng in playas and the overtoppxng of playa d1v1des to dlscharge waters into--: -

J

‘the next playa d0wnslope. In tne area that they consxdered, playa density was so great that no

preferred alignment of playas was recogmzable... leey» and Gustavson (1979, 1981),related

reglonal dramage development and playa alignment to major- Jomt trends and suggested that

joint development reflected major basement structural trends. g
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T’he f0110w1ng discussion of the reg10na1 relatlonsmp of dlssolutlon of Per*man salt and tne ,

~'present drainage system of eastern New MGXLCO and the T’exas Pa,nnandle is a syntheSLs of
previous work; in parttc.:ular Gustavson and others (1981) cuscussmn of dissolution zones and -

-collapse features; Gustavson and others (1982) dtscussmn of the relatlon of dlssolutlon—mduced

collapse features to fractures and Gustvason and Budm.k's (m press) 'dlscussmn of the relation of
T lerra Blanca Creek to dtssolutj,onnmduced sub51dence and fracture systems‘. In addition,

51gn1f1cant new data descrlbmg the r’elatton between dramage developent and dlssolutlon is

.
pres’e‘nte‘d., o

'GEOLOGIC SETTING OF THE PALO DURO BASIN
- Structural Development

In late,Paleu'ozoi‘c time, ,butkpernaps as. e‘arly“é.s 'Latfe Cambrian, rocks of the Wichita

"""‘“-j_‘_"'-lgneous provmce and tne Recl River mobtle terrane were faulted and upht’ted to form the

Wichita Mountains - Amarulo Uphft trend and the Matador Arch (Btrsa, 1977) These are the

.-_ma;]or p051t1ve tectonic e__l_ements bounding the Palo Duro Basm (fig. 1)

Movement along. the Amarillo Uplift, ‘Matador. Arch, and C;marron Uplift controlled
setjimentation and facies diStribution”cluring the Pennsylvanien that apperently cbntinued into =

tne:Pert‘nian (Dutton and others, 1979). Recent work by Budnik (1983) suggests that minor

- movement continued throughout the basin as late as Tet'»tiary and possibly as late as Quaternary

 time.

T
/

Gustavson (1979) and Gustavson and others (1980a) suggested that substantial parts of the -

Texas and O.klanoma" Panhandles and central-eastern New Mexico have undergone nontectonic
- vertical displacements of as much as 180 m (600 ft). These adjustments were due to dissolution

‘of bedded Permian selts within approximately 400 m (1,300 ft) of the surface. They have also

suggested that regional ‘dissolutionvand resulting subsidence .na-ve occurred mostly since the Late

o Cretaceous. Collapse owing to salt d1ssolut1on is currently actwe along the- western, northern,
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ahd eastern m gins of the Southern High Plains (Simpkins and others, 1981; -Gustavson and
otheré, 1982a, 3). For example, numerous sinkholes, small-displacement faults or open
} ; fractures, and >lines have formed since 1950 in Hall County in the Texas Panhandle. . Other

instances of re :nt collapse resulting from dissolution of Permian salt have been reported in

Curry County, lew Mexico A(Judson, 1950), and in Winkler County, Texas (Baumgardner and

others, 1982).
e ' _ . - Sedimentation

. Ddring th _éarly Paleozoic, periods of erosion alternate'd with episodes of'snallow marine-
i snelf depositio in the Texas Panhandle. During Mississippian time, marine-shelf carbonates
were'déposited icxfoss the area. Major f,ectonic _éctivity began in the Late Mississippién and
continued throt ;n‘ the Pennsylvanian to form the bounding elements of the Anadarko, Dalhart,

and Palo Duro Jasins. Depo§itlon of terrigenb_u; clastic sediments, infd_rrhally called grahite

' waéh-, was prev lent d’uring tﬁe Pennsylvanian and Earrly Permian. Granite wash waS derived
from.aﬁd conce trated near the-principal uplifts (Handford_aﬁd Dutton, 1980). Sedimentation

_ du'ri.n'gﬂtne Late 2ennsylvanian was dominated by shelfcarbonéfés, tne deeper pafts of the basin
i being filled by 1he—gralned clastic sedimepts. Salt, anh“ydrite, dolomite, limest_Oné, and red
beds Vco-rhpose ! »rmian strat‘a ih _tne Anadarko‘,.’Dal.nart, and Palo Dﬁro Basins (Presley,» 19793,
| 19;9b; 1980a, t Th"ese rock types were probably deposited in a range of ;ubtidal to supratidal
environments. ifhofacies include halite, anhydrite, dolomite, and limestone. Red beds conéist

of mudstones ai | fine-grained sandstones that intertongue with evaporites and dolomite.

ey '_ The Tria: ¢ _Doékum ‘Groqp consists of fluvial,,cy’:l'eltaic, ahd lacustrine sandstones and
mudstones thait accumulated in a large fluvial-lacustrine basin south of the Amarillo Uplift
[ _ (McGowen and thers, 1979). Ddckum Group strata are overlain gnconfofrnably l;y the Upper'
— v Jurassic Exete Sandstoné in certain areas and by Lower Cretaceous Kiamichi Formation

. v (Fredefig:ksburg Sroup), Dakota Group sandstones and conglomerates, and Kiowa Shale in other

f C%eﬁgiEd&@R o {off' jof Feixtensive erosion, the Miocene-Pliocene Ogallala Formation was
L1 - . - ,,
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probably had ceased 3. 5 x 106 years ago and certamly by 2. 5 X lO6 years ago.

-'-.deposited in nortnwestern Texas, western Oklanoma, and eastern New Mexico. Lower Ogallala

sediments are primarily fluvial deposits which were deposited in a wet, alluvial fan envir‘onment
(Seni, 1980). Upper Ogallala sedlments are largely eolian. Ogallala surface sediments were
extensively callcmiled to form the \_,aprock callcnee

Tne end of Ogallala deposition has not been preciselv dated, but it is probable that

\, deposition had ceased by the late Pliocene (appfoximately'3.5 myav). In northeastern Union

County, New Mexico, basalt flows cap the Ogallala Formation (Baldwm and Muenlberger, 1959).
| These rocks, called the late Raton basalt have been dated from wnole rock samples (Stormer,
1972) by potassmm-armn 1sotopes to be 3.5 + 0.2 x 106 years old Tne Clayton basalt whichis -
slmllar in composmon to tne Raton basalt OCCUpleS paleostream valleys 1nc1sed into tne‘".
anllala suriace and exmbn:s potassmm-argon ages of 2.5 + 0. 8 X 106 and 2, 2 + 0.3 x 106 years
old ‘l'hese dates indicate that Ogallala fluvial sedlmentauon in the northeast New Mex1co area

Scnultz (1977). dlscussed tne age of the Blanco Formanon and Blancan—age local faunasv_

'*"wrucn unconformably overlie the Ogallala Formanon. I-Ie pomts out tnat Boellstorff (1976) "

‘ ‘obtamed a fission track date for the Blanco ‘Ash, wmcn overlles the fossu-bearmg beds of the

Blanco Formatlon, of 2.3 + 0.3 mya. Llndsey and otners. (1975) determmed that the ennre
Blanco Formation secnon exposed at '\/Iount Blanco was reversely magnetized. In con]uncnon ~
bw1tn al 4 m.y. age of the Guaje Asn wmcn hes 8 m (25 ft)-above the Blanco A‘sn the lack oI a
‘normal magnetic polanty zone beneath the Guaje Ash 1nd1ca1:ed to Llndsey and others that the'
sec:t1on at 'vlount Blanco is in the lower Matuyama (reversed) magnetlc 1nterva1 and is . 1.4 to
‘2.4.m.y. old. Llndsey and others also recognized that the Cita Canyon Local Fauna, which is

'n'o,r'mally correlated with the Blancb Local Fauna, occurs in a normally polarized zone. They

4 consider these strata to be in the Gauss Epoch and to be older than the Blanco - fauna.

RegardleSs. of tne,,dating_'incqnsistencies, tne‘Blaneo Formation nnconférmably overlies the
Ogallala Formation and is probably at least 2.4 to 2.8 m.y. old that took conside'rable time to

form following the end of Ogallala deposmon. “This suggests. that the age of Ogallala Formation
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" in the area.of Mount Blanco and Cita Canyonvis' consistent with tne age of the Ogallala

Fo rmation in'northeastern New Mexi"co, or about 3.5 m.y. old."

. Plexstocene cover sands and tne Blackwater Draw Formatlon form an eolian mantle on
most of the Soutnern ngn Plains (Barnes9 1974) Late Tertiary to early Pleistocene fluvial and
lacustrme deposms occur locally between the Ogallala Fo_rmatlon and the Pleistocene eolian

se diments.

Physiography;of the Texas- Pannandl.e »and.C_entral-EaSte'rn'New Mexieo

‘The Texas Panhandle lies within the Great Plains physiographic province (Fenneman, 1931,

1938) (fig. 2). The surface?of the Great, Plains is broken by the 'valley of the Canadian River, :

thh is also known as the Canacnan Breaks. South of the Canadian Breaks, the Great Plams

cr= kn0wn as the Soutnern ngn Plams, or the Llano Estacado. The Southern ngn Plams are

o tr‘uncated to the east and west at tne Caprock Escarpment, eroswnal scarps where relief locally

e Xceeds 500 m (1,500 ftv).‘ Dramage is poorly developed on»tne Soutnern ngn Pl‘ams; most

discharge is 'intérnal into thousands of playa lake basins that cover 'its surface (Woodruff and

. @thers, 1979). Integrated dramage is mamly a series of extremely elongated narrow rec,tlhnear

A\ alleys, or draws. The Caprock Escarpment is supported by the massive Caprock x_,ahche that

m awks tne top of the Ogallala Format.l.on and, by well-mdurated sandstones that are in the upper

part of the Triassic Dockum and Permian Wmt‘ehorse Groups., E.ast of the \,-aprock Escarpment;

‘thz Rolling Plains are deVeloped on structurally disturbed Permian red beds. The Pecos Plains

e nd the Pecos River Valley lie west of the Southern High Plains,
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SALT DISSOLUTION AND SURFACE COLLAPSE-MAJOR FACTORS IN THE

*PHYSIOGRAPHIC DEVELOPMENT OF EASTERN NEW MEXICO AND THé TEXAS PANHANDLE

- Evidence of Dissolution

Regional salt dissolution" and ‘the .subsequent collapse of overlying strata -affected
substantial parts of the Texas and Oklanoma Panhandles (Gustavson and others, 1980a) and
eastern New Mexico. There are seven salt-bea,rlng units within the Permian System of ‘the.
Texas Pannandle and eastern New Mexico. With the probable excepnon of the lower Clear Fork
Formatlon, all the youngersalt-bearmg units are locally qndergoujg dissolution.

Several lihes of evidence support the conclusion that zones of salt dissolutlonrunderlie the
Southern High Plains ano.adjacent areas (fig; 3): (1) Streams draining the region surrounding‘
the Sootnero Hign Plains carry nign-solute loeds;‘indicatihg tnat" “dissmution is active. For

~example, the Pra1r1e Dog Town Fork of- the Red River @arries a mean annual solute load of

| 1,003.5 x . 103 tons of dxssolved sohds, including 425.3 x 103 tons of chlon.de (U.S. Geological
Survey, 196-9-1977).f Brine sprlngs, salt springs, and salt pans appear along this and other stream
valleys (fig. 2) |

High chloride contents in both the Canadian and Pecos Rivers and tneir tributaries
iodicate that salt di$$olution is an active process in eaStern New- Mexico and along the Canadian
River Valley in Tegee (:flg 2). Dowostream from the Ute Reservo_ir in Quay‘C»o"un'ty,:New
Mexico, the, solote l_oad,of the_Cenadiah River m>ay exceed 30,000 ppm eﬁloride, and waters
within.the alluvium may contain (U. S. Geological- Survey, 1969-1977; U.S. Bureau of Reclama.—

-non, 1979) The Bureau of Reclamation (1979) esnmates that over 55 O x 103 metric tons of
sodium chloride are carried annually by the Canadlan River to Lake Meredlth Texas.

The chlorlde content of the Pecos River between Santa Rosa and Carlsbad, New Mexico, -
varies frof;'x seve’fal tens to several tnousands of parts per xnillioh. Morgan (1941) estimated

that 266.0 x 103 tons of socuum chlorlde are transported annually by the Pecos Rlver at Artesia,



"
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New Mexiico., Brine springs are common, and collapse,features nave been observed in many
places along the valley of the Pecos (Morgan, 1941; Reeves, 1972).

(2) As interpreted from geophysical logs, the abrupt loss of salt sequences between _

‘relatively closely spaced oil and gas exploration wells indicates salt dissolution and not facies

change has occurred where structural collapse of overlying strata is evident in the wells where

salt is missing (figs. 4, 5, 6, and 7)(McGookey and'otners, in press).

-~

(3) Brecc1ated zones; fractures with slickensmes, extension fractures filled with gypsum°

- and insoluble residues composed of mud, anhydrite, or dolomite overlie the uppermost salts in

cores from the DOE- Gruy Federal No. | Rex H Wmte well and the Stone .and Webster
Englneering Corp. No. 1 Holtclaw well in Randall County, the DOE- Gruy Federal \Jo l D. N -
Grabbe well and tnevStone and Webster Engineering Corp. No. | Zeeck and No. ! in Harmon.
wells in Swisher .County;’tne Stone and Webster E,V‘ngineer_ingv Corp. No. 1 Saiv yer well i/n Donley
County, tne Stone and Webster EngineeringCorp No. l G Friemel No. 1 3J. .Friemel and No. 1

Detten wells in Deaf Smith County, and the Stone and Webster Engineermg Corp No. 1

Mansfield well in Oldnam County (fig. 3).-

(4) Permian outcrops along parts of the Canadian River Valley and east of the High Plains
Escarpment display folds, systems of extensmn fractures, /brecma-filled chimneys, breccia beds,
and caverns, which are interpreted to result from dissolution of salt and collapse of overlying
sediments.

t(5) Hydrologic testing of strata immediately above uppermost salts in the Stone ‘andr
\i/ebster Engineering Corp.. No. 2 Mansﬁeld in Oldham C‘ounty.a‘nd ANo. 2 Sew){er well in Donley
County 5uggests that dissolution in these areas is active (fig. Bl (Dutton, in press). -In the No. 2
Mansfield well dissolution of the Seven Rivers salt is underway at a depth of 811 ft (247 m). In

the No. 2 Sawyer well dissolution of the San Andres salt is underway at a depth of 830 ft

(252 m). Brines undersaturated with respect to sodium chloride have been pumped from both

wells,

v/'

10
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Dissolution Along the Margins of the Southern Hign Plains

The zones of salt dzssolutlon that exist east of and beneath the Caprock Escarpment on

the eastern margin of the Soutnern High Plains also! under‘he the Canacuan River Breaks, the

-nortner’n edge of the Southern High Plains (Presley, 1979a- Gustavson and otners, 1980a), and

the valley of tne Pecos River to the west. Because this area is penpneral to the Southern High

Plains it LS called the peripheral salt dissolution zone. The younger or stratlgrapmcally higher

salt units have undergone more extensive dissolution than nave lower units, and salt dissolution

zones in the upper units lie nearer the center of the Palo Duro Basin. The steplike character of

“salt dissolution zones and their relation to major physiographic features, such as the Canadian

| River Valley the Caprock Escarpment, and Palo Duro Canyon are illustrated by stratigraphic

cross sections (figs. 4, 5, 6, and 7). In these cross sections, Glorietna Formation salts and -
younger salts are interpreted Vtov be undergoing dissolution.

The salt dissolution zone noted in the Texas Panhandle extends into eastern New Mexico

- (fig. 3). Intefpretaﬁon of s‘t‘ratigrapnic cross sections based on gamma-ray logs indic‘ates that
~ dissolution of salt—beamng umts has a110wed collapse  of overlymg strata (flgs 4 and 5)
' (McGookey and others, in press) Local— dlp- reversals occur, sucn as those in Quay County,

New Mex1co, where over 122 m (400 ft) of salt have ‘been removed (fig. 5)

Gustavson and otners (l980a, l981a, b; l982a) descnbed the rela‘tlon of elements of the

salt d1ssolunon zone to the physiography of tne‘Southe‘rn. High Plains and the Rolhng Plains in

the Texas Panhandle (figs. 2 and 3) Asm ‘tne_ Texas Panhandle, elernents of the salt dissolution
zone in eastern New Mexico parallel the western escarpment of the High Plains. The Pecos "

River parallels the salt dissolution zone from Guadalupe County to Chaves County. o
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ftmnmng from 50 to 65 m (150 to 200 :Et) to no salt

~core.

teyidence exists of its former presence.

made from cores from three wells:
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Dissolution Beneath the Southern Hign Plains

~'Salado Formation

Extenslve post—Permran d.!,ssolunon has apparently occurred beneatn the

plains. Salt wrtmn the Salado Formanon orlgmally extended to southern Oldhan'

(60 mt) northwest of the presen't subcrop hmlt of the forma.tlon in Swrsher Coun
Presley, -1981)., Flgures 6 and '7 show the salt-bearmg units within the Sa
Exammatlon of th_e net-

Salado Formation (fig. 8) and of tne structure-contour map of the Alibates Fc

suggests that as much as 122 m (400 ft) of salt have been lost to dissolution inn

County, southern Lamb County, and tnortnwestern Lubbock County.  The
structural lows over salt tnins’“i‘s indicative of dissolution because analyses of | '

show that strata beneath the Salado‘l-‘-.‘ormation are not structurally disturbed an:

strata nave collapsed into tne secnon from which salt was removed

The. tmckness of salt lost to dlssolunon can also be esnmated from msola

E'.stlmates of salt loss in the Salado

Stone and Webster Engmeermg Corpr° No

i

: Detten, and No. 1 Grabbe (S.D. Hovorka, wr1tten commumcanon, 1983) Esnm
~on a comparrson of ‘the textures and mmeralogles of non—salt res1dues to ‘ti }

3m1nera10g1es of non-salt materxal in intervals where salt is stul present 1

)

: conservative‘range for the amount of salt lost- from the Sa_._lado Formation we
Zeeck, 2to 15 m (6 to 45 ft); No. 1 Grabbe, 3 to 18 m (10.,’ to’55 ft); No. 1 Dette
“to 107 £t). Tne estimates from the cores from the ’;Swisner Courvlty'»'vells ("No;ﬂl
1. Zeeck) are low when comp_ered with salt-loss esti:xriates derived fromst‘rati‘g‘

However, considering the probability that clean salt with little or no insoluble r

represented by these estimates, the eStimates of thickness of salt lost as a resu

5 v : _'12« RN k

The most serious problem with procedure 1s that the cleaner tne or1gm

v mades.

southern High

Zounty, 96 km

-;‘(Mc.G.lelis and

do Form aptiori

-.lt map ofr the o

nation (fig. 9)
thern Hockley
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that overlying
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..' - are valid as minimum thicknesses. \Furtnerkmorelznm (6 1t) of core are mlssing from the No. 1
Zeeck well, and lO m (31 ft) of core are m1551ng from the Grabbe well these sections may have
contained addmonal 1nsolub1e reSLdues.

~ Dissolution of Salado Formation salt, and subsidence beneath the Tule iac_:ustrine basin v

) along the Swisher - Briscoe County border can also be inferred from stratigraphic and outcrop

structural data (Gustavson, in press). Salt in the Salado Formation thins approxima.tely 30 m

(150 £t) beneatn tne topographic basin that contains the Tule Formation exposures along Tule
: Creek (:Eig. 8). The oVerlying' Upper Permian Alibates ‘Formation is structurally low over ‘the o

area of thin salt (f.1g 9). An extenswe system of beddmg plain and inclined fractures occurs in

mudstone of the Tnassm Dockum Group agove the'area of thin Salado salt and structural low on"
the Ahbates. Tnese fractures are gypsum—fllled and are similar to brittle-fracture systems
.mterpreted by Goldstein (1982) and Goldstem and Colhns, 1984 to nave resulted from
| subsidence followmg salt dlssoluuon. T’he verncal Juxtaposmon of thin salt the structural low
on the Alibates Formatlon and extension fractures in the Dockum Group all suggest that
’ 'di'ssolu:ciOn and subsidence have oCcurred in the vicinity of the Tule basin. A similar '<:onc1.usion
.w‘as reacned by Evans and Meade (1945) based on. their observanons of structurally disturbed
sections of the Dockum Group exposed in "_The Narrows" of Tule Creek canyon east of the Tule
Copasin/ e
| Along tne trace of tne »the Rlver‘ 1n Blanco canyon in Crosby County Salado Formatlon-m '
salts thin as much as 30 m (100 ft (fig.,"S")." ‘The structure;-cont-our map on the top of the Alibates
N Formation in this afea n0ws‘a--broadly def‘inevdbst:ruetural low witn appr“foximatel‘y 30 m (100 £t)
= of relief (fig; 9')'.7 The mid-dle-Tertlary erosional surface is also deeply incised in this area
(fig. [1). Fartner to the soutnw,est a similar re‘la‘tion-snipocours along the Yellowhouse Draw in
LUbbock-, Hockley and Lamb Counties. Here st_ruc_:turai» lows on tne"structufe-contouf- map of
‘tné"?"Alibates Formation overlie sharply 'deﬂned areas of thin salt of tne Salado ‘Forrnat‘i\'on
L ; ~»(figs. g 9). A paleodraina'ge syste'm "deve’IOped on the middle;Terfiary eros‘ional_ s.urface'

parallels and nearly underlies the northwest trending zone of thin salt. For both of ,these areas
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the relatlonsmp between thin salt and structural lows in the overlymg Allbates Formation

suggest that dlssolutlon and su051dence have occurred

The w1despread evidence of ,dlssolutlon suggests that most of the uppermoSt salts of the

Salado Formation have been subject to dissolution.

-

Seven Rivers Formation

Extenswe dlssolunon of the salts of the Seven leers rormatlon has also apparently

occurred beneath the Southern ngn Plams. '\let-salt tmckness of the part of the Seven Rivers

’ Formatlon that is not o_verlaln by salt within the Salado Formatlon is shown in figure 8.

Examination of core from the Stone and Web_ster Engineering Corp. No. 1 Detten and the
No. | G. Friemel, indicates that the remaining upper Seven Rivers salt is overlain in each well

by_ insoluble residues. Conserv‘atlve e_stimatefs of the thlckness:o‘f net salt removed by

dissolution from the upper Seven Rivers salt range from 24 m (80 ft), from stratigraphic

~ analysis, to 4 to 25 m (13 to 76 ft) in the No. 1 G. Friemel core and from 1.7 to 9 m (5 to 28 £t)

in the No. 1 Detten core based on insoluble residues (S. D. I—Iovorka,v personal communication,

‘\'

l983) (fig 3). ‘l'hese estlmates which were also ‘based on 1nsoluble reSLdues are mmlmum

tnlcknesses because 2m (6 ft) of core are m1551ng from tne No.l G. Frlemel well As

. ‘mentioned before, the original tmcknesses of clean salt are dlfflcult to esnmate because clean

-salt that nas’ been dissolved leaves lltt’le evidence of lts. former presence. Considering the

problems in estlmatlng onglnal salt tmcknesses from insoluble res1dues, the larger salt

tmcknesses estlmated from core are not substantlally dlfferent f.rom tmcknesses estlmated

from stratlgrapmc analyseso

The Stone and Webster \lo. L Dett‘en and No. 1 G Frlemel wells occur “within the,
northeast-trendmg zone of thin Seven Rlvers salt in eastern Deaf Smlth county (fig. 8). This
zone of tmn salt nas been interpreted to have resulted from accelerated dlssolutlon related to
nortneast-tr‘endlng fractures (Gustavson and Budmk, in press_). The zone of thin salt is overlaln

by a series of structural depressions on top of the Alibates Formation and on the base of the
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middle-Tertiary erosional surface (figs. 8, lO, L. F‘lgure 12 illustrates the rela‘tionshipv
between salt dissolution, s’ubsidising- ovverlying beds and surface ¢opography. Basement
structure, variations in tmckness of Paleozoic umts and fractures all trend o be or;ented the
nor_tneast in thlS area. In tm’s case core, strat;grapnrc and structural data suggest tnat
oissolution and subsidence have occurred preferenriall)r '-along- the northeast trend.

Salts of both the Seven Rivers and Salado Forma’cions are missing from beneath the Palo
r),_uro Canyonv along fn_ef Prairie‘ Dog Town bFork, of ftne Red River in eastern Randall and
‘soutnwestern”Arrnstrong Counties (fig. 8). A regional structura'l depression is indicated on the
‘structureucontour map of the Alibates Formatlon (flg 9) for tne area underlymg the Palo Duro
Canyon. Exposures of Upper Permlan strata in the Palo Duro Canyon contaln numerous
gypsum- fllled fractures (satin spar), mlnor folds and normal faults, (Colhns in press) The
vertlcal- Juxtap051t1on..of thin or rmssmg salt in the Seven Rivers and Salado F‘ormanons, a
) structural trougn in the Alibaies Eormation and outcr0p.evidence of extension f‘_racturing and

‘folding rksugg“est that di5501utin and sUbSidence -’n'a\')e'been"act‘ive -bene’arn'*tne Palo Duro Canyon
supports tne 1nterpretanon that Seven Rivers salts nave undergone cllssolunon across tne Palo
Duro Basm whenever these salts are not overlam by Salado Formatlon sa.lts. | |

'Altnougn all, core tnrougn the upper parts of the Salado Formanon anri' the Seven Rivers
.Formatlon beneath the Soutnern I-hgh Plams contam ewdence of tne former presence of salt, no

large-scale collapse breccxas were recogmzed Tms suggests a relauvely slow dissolution and

subsidence process.

'Aoe of Dlssolutlon ' o - RIS
| Dlssolunon beneath the Rolhng Plains, Canadlan River Breaks and tne Pecos Plains is
active and is respon51b1e for the high cnlorlde, loads in streams drammg the area surrounding the
| "Souitnen High Plains, and for collapse features rnat ‘hav ‘formed ‘nisotricall'y (Gustav\;son and
otners, l980a, 1982). Beneath the Soun:nern ngh Plams structural depressmns appearing on the
Ahbates structure map tend to occur over areas of thin salt, as snown on the net-salt map of
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~ the Salado and Seven Rivers Formations (figs. 8, 9, and 10). Tnetombinationsf of structural

lows and salt thins occur in eastern Dead Smlth and wes_r.tern Randall ‘Counties in eentral‘and
southeastern ‘Randall Count[y (Palo Duro Canyon), mldw_ay along the border of Slwisnerand
Bvrislco'e Countlesb (Tule lacustrine"ba:.sin), northeastern Crosby :County (Blanco Canyon),_ and’
along a line from central Bailey County to north'eastern Hockley Codnty.; ‘These areas occur
beneath paleotopograpmc lows on the mlddle Tertiary erosmnal surface that marks the base of
the Ogallala Formatijon. V»f_iacn of these areas ‘of thin salt and structural depresslon on thie/
,Alibat_es Formation is also‘ overlaln byv. Eliocene;?leistooene la}cus’trine basinsv. Elements of late
Pliocene Blancan ‘fau‘nas' ap“pear in lacustrine basins that oontainb outcrops ' of ‘the Blanco:

FOrmation in Deaf Smitn County in southeastern Randall County (Clta Canyon beds), and in

';'nortneastern Crosby County (Blanco beds) (Schultz, 1977) Because these basins contain late

'.Pllocene sedlme,nts,,__ basin formatlon must have been lnltlated earlier. On the basis of the

presence of calic'ne boulders in,tne floor of the Blanco laCustrine basin, Evans and Meade (1945)

- sugoested that the Blanco Basin formed after the development of the Caprock Callche. In turn,

- this suggests that the otner lacustrine basins contammg Blancan faunas in the ‘1' exas Pannandle'

formed after the development of the Caprock Callcne. Schultz (1977) has reviewed radlometrlc

)

4

age dates obtalned from volcanic ashes assoc1ated w1tn tne Blancan Local Fauna at Mount

Blanco. Usmg data from Boellstort'f (1976) and Izette and others (1972), Schultz indicates that

. the Blanco For-natlon is-at- least 1 4 + 0.2 m. y old and is probably greater than 2. 8+ 0.3 m.y.

old Thus, the basins tnat contain Blancan-ag,e sediments began to form at least 2. 8 million
years ago and are late Pliocene in agea

) “Lake_ basins at Canyon, TX in Randall Cotl_nt‘y _and midway along th}e' Swisner -and 'Brlscoe.
county line (Tole Formation)‘haVe also tormedol/er areas of thin aalt, strUctural lows“on tne g

Alibates Formatlon, and paleotopographic lows on the iniddle Tertlary erosmnal surface (fl"So 8,

" 10, and ll) Both of tnese basins contain Plexstocene lacustrme sedlments (Schultz, in press- G.

E. Scnultz, personal commumcatlon, '1982; Frye and Leonard, l967;‘Hawley and otners, ,l976;

Evans and Meade, 1945). The relationship between thin salt, structural lows on the Alibates

) 4 :
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Formation and lacustrine basiné with Pliocene and Pleistocehe sediments suggests that these
basins probably began to form in the Pliocene and early Pleistocene. Deformation ofi
Pleistocene Tule Formation sediemtns suggest that dissolution induced subsidence was locally
active during the Pleistocene.

A series of lake basins exists along a northeasterly trend from Hockley to Lamb to Bailey

Counties. These lake basins are also underlain by areas of thin salt and complex structural lows

on the Alibates Formation. Complimentary structures on the base of the middle Tertiary

_erosional surfaces are not obvious. - All these basins contain lacustrine sediments, termed the

Tahoka Formation by Evans and Meade (1945), wnich_were probébly deposited during the late
Wisconéinaq (Reeves;' 1976). T‘hué, these lake. baslin-s formed 1n‘-pre-Wlsconsin/an time. However,
resolution of the rélé,tiolnship of these basins to salt dissolution will require additional data and
analysis. | |
Formationu of these large lake b>asrins in tné Texas Panhandle has been attributed to s;éral

processes, including subsidence, deflation, and blockage of previously existing valleys. Baker

- (1915) suggested that the larger, partly filled basins formed as a result of subsidence over areas
of dissolution of Permian evaporites.' Evans and Meade (1945) recognized the presence of

sizable lec dunes on the down-wind sides of many laka and playa-lake basins on the Southern

Hign. Plains and thought that deflation was a far rhore impor tant process in forming these basins

. than were dissolution and subsidence. - They did, h0wever’,>recog_nlzre subsidence induced by
~ dissolution along the narrows of Tule Canyon in Briscoe County. Reeves (1966, 1969) suggested

that large pluvial lakes formed along drainage channels crossing Cretaceous highs. Later

Reeves (1970) suggested that these large lakes were the result of accelerated erosion at
intersections of lineaments related to the Earth's regmatic shear pattém.
Field and subsurface evidence suggest that both Sdb’éidénce, as a result of dissolution, and

deflation were important in the development of the larger lake basins that occur in the Texas

“‘Panhandle. As a result of locally accelerated dissolution, subsidence of overlying strata

v

occurred and localized depressions that would later become lake basins. Depressions accumu- -
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'la,ted water and sediment, which killed vegetation in the center of the depression. During dry
times, sedlmem: in the central part of the depressmns, not being bound by vegetatlon, was
subject to wind deflatlon. Although dlssolutlon and sub51dence were important in determmmg ’
the location of large lake basins would be located, de:fkla_tlon accounted for the removal of large
volumes of sediment j_from fne basins; sheetwasn, rillwash, and gullying ~sdpelied sediment from
the sides of the basin to the basin floor. - o ’ | | |
Salt diésﬁbluﬁon and collapse probably have”been’active north of the Canadian River Velley
in the Oklanoma and Texas Pann‘andles since the Late Cretaceous (Gustavsbn and dth’ers, '
1980a). Scnultz (1977) attributed smkholes contammg Mlocene Ogallala sedlments in Donley

County to collapse as a result of evaporrte dlssolutlon. Bachman (1974) suggest‘ed' tha't

dlssolunon has - occurred mtermlttently since  the T’rlassrc in tne Delaware Basin and in

‘southwestern New Mex1co. Pre-Ogallala dlssolutlon a,nd the presence of a nortn—soutn pre-

Ogallala paleovalley near ‘the modern Pecos Rlver in New ‘Mexico have been suggested (Bretz _
and Horberg, 1’9#9; Reeves, 1972 &elley, 1972). This ev1dence, coupled with current evrdence
for salt dissolution, makes -it reasonable to mfer. t_nat salt dlssolutlon has been active, at

variable rates, in the Permian salt basin since Triassic time and possibly since deposition of the

‘ salts.

MIDDLE TERTIARY EROSIONAL SURFACE

_ Permian, Triassic, Jurassic, and Cretaceous strata underlie the middle Tertiary erosional

surface beneath the Hign"Plainsg Figure 11, a structure-contour map of the base of the High

‘Plains aquifer, approximates this surface »beca'use in most areas the base of the High Plains .

aquifer is- the base of the Ogallala Formation.
The presence of a system of major valleys developed on the mlddle Tertiary erosional

surface is indicated by aligned groups' of -V-shaped contour »line's, wnicn point upslope (fig. 11).

* Paleostream segmehts‘ appear to have flowed to the southeast over most of the paleosurface. In
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“northern Hale and Lamb Counties, a major paleodrainage seément flowed west to east. Ree'ves
(1972) suggested that this valley is middle Pleistocene in age :and» »‘vas.lncised throuéh Ogallala ,
sediments. Clear evidence of the paleodrainage pattern is not r-ecognizable north of central
Parmer'County and southern Castro and Swisher Couhties; o

Middle Tertiary Erosional Surface (Collapsed Area)

The character of the middle Tertiary erosional sur:f‘a‘vcenis markedly different northWest of ‘
a line that extends from central Parmer County northeast to. central Randali County (fig. ll) |
| A series of closed basms occurs on this surface along a trend from Parmer to Randall County

These features are thought to have resulte,d from dissolution of Seven Rivers sa_lt, (Gustavson\r
and Budnik’l in press). A major "pal,eoscarp,ﬁmarldng' the northesat limit of th'e‘ Dockum Group,
vtrends extends from northeastern Armstrong County westward to northeastern Oldham County,k.

7approx1mately~ 96 km (60 mi). ThlS paleoscarp is partly structural--the slope of the erosmnal

surface is deﬂected from the regional southeast slope toa northeast slope within the dissolution L

zone of salts of the San Andres Formation (figs. 3, ll) The change in slope Probably results
from the dissolution of Permian salts and the collapse of overlying strata. A nor»h—south- Cross
'section through Armstrong, Carson and Potter Counties shows that the thickn&s of salt that- .
‘has been removed mcreases nortnward beneath the paleoescarpment c01nc1dental with the -
: progressively greater collaps_ef ofv the_erosmhal.s‘urface; (il‘g. 7).

| East and.‘northeast of."'the oaleos'carp’ that formed on Permian rocks, the rniddle Tertiary
erosional surfcace cuts Permian'strata and is vcharacterized:by numerous - large closed _basins
~that are thought to have resulted from salt dissolution and collape (Custavson and others,
l980a) Severl of these basins exceed 75 m (250 ft) in depth. ‘Because of the- extenswe collapse,
no trace of the middle Tertriary paleodrainage system ex1sts in the area where Permian rocks
. subcrop beneath the Ogallala. Although closed depressions are fewer in the area of Triassic

subcrop in northern Parmer County, Castro County and eastern Deaf Smith County, most of

paleodrainage here is also missing.
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Seni (1980) noted that Ogallala sediments as thick as 160 m (500 ft) combletely cover all
but a few small Cretaceous outliefs in the Southern' High Plains. In most of the map area,
deposulonal trends shown by sand-percent values suggest south or southeasterly dramage
(ﬂg, 13). Local sand trends are more southerly in eastern Oldham and central Hutchinson
Counties. Nonetheless, thick net-—sand areas appear to be oriented to the southeast and to be
substantially - parallel to paleodrainage on the 'pre-OgallaI'a erosional surface where paleo-
drainage is preserved. Both pre-Ogallala and Ogalylala drainage flowed generallymin the same

directions.
‘Southern High Plains (Late Tertiary) Paleotopography

The topography of the High Plains as it existed at the end of Ogallala time in western
Oklahoma, the Texas Pannhandle, and eastern New Mexico can be reconstructed with reasonable
certainty. The reconstruction, which is necessary to understand the development of post-

Ogallala drainage, requires a series of assumptions. Tt is assumed that the Southern Hignh Plains

surface, which reflects the pre-Ogallala depositional surface, has not been significantly tilted

since deposition. Long axes of pebbles in Ogallala gravels near the eastern Caprock Escarpment

. are 2 to 4 cm (0. 75 to l 5 mches) (S J Seni, personal commumcanon, 1982) Slopes of stream

Channels on both the Soumern rhgn Plams surface and the pre-Ocallala surface range from
approx1mate1y 2-4 m/km. Gole and Chitale (1966), Boothroyd and Asnhley (1975), Nummedal and
Boothroyd (1976) and Gustavson (1978) observed that slopes of 1-4 m/km are requ1red to
transport 2- to 4-cm-long pebbles. Therefore, slope values of Recent and paleostream cnannels
are sufficient to transport gravel in the 2- to 4-cm size range, indicating that if tilting of the
Ogallala surface has occurred since its deposition, it has been minor. It is al-so assumed that

neither post-Ogallala erosion or deposition has signiﬁcantly altered the reglonaltbpography and

‘that projection of contours from stream divides across valleys will provide a reasonable

approximation of palectopography as it existed in this region immediately after deposition of

“the Ogallala Formation.

20
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/_Regional topography (fig. 2) indicates that the present-day Hign Plains surface nortn of
~ the Canadian River is as much as 60 to 75 m (ZOO to 250 ft) lower than that of the Southern
Hign. Plains south of the river. Gustavson and otners (1980a) suggested that this is the result of
- post-Ogallala subsidence caused by regionat salt dissolution.

From these assumptions an‘cvlv by removing the —dissolution-indUCed subsidence_nortn» of the
‘Canadian River, a 'generalized-'map' of post-Ogellal‘a *tepograpny ‘was developed, The
‘topograpnic reconstruction '('fik‘\g. 13) Snows tnat the Ogallala surface SIeped directly east in the
northern vpartef the Texas Panhandlte and. in the Oklahoma Pannhandle. Further south, slope .

®

direction became progresswely more southeasterly ‘This topograpmc configuration is consis- -

btent with alluv1a1 fan morpnology and with Sems (1980) conclusrons about sediment transport

- across the -anCJ.ent Ogallala fan surface (fig. 13).

COMPARISON OF HOLOCENE SOUTHERN HIGH PLAINS

DRAINAGE'TO TERTIARY PALEODRAINAGE

'I'he Southern ngh Plams are dramed by a series ef .narrow, elenaate draws or valleys that“'
" slope mostly to tne soutneast A substant1a1 part of the surface of the Southern Hrgh Plains has.
not developed an 1ntegrated dra-rnage system, so-adjacent draws do not share common dramage
diviees. Major tnroughff_lowing draws may be separated by as much as 50 km .(307mi)A of plains
without integrated drainage. “ |
T he pre—Ogallala drainage system can be compared to the present-day dramage system
L (f1g 11) There are several 51gn1f1cant similarities between the two- drainage systems, which
are separated by approx_rmately 100 m (330 ft) of sediment and several million years. Major
segments of both drainage systems are roughly parallel and modern streams tend to occur near
~ the paleostreams in some.‘ areas. -Since both the pre—OgaHala and tne present day erosmnal
surface are in part parallel, bothfthe Recent and the pre-Ogallala dram‘age systems cross these

surfaces at similar angles. In the west-central part of the Southern High Plains, botn
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modern drainage and paleodrainage are aligned easterly and east-southeasterly. Both drainages

are aligned® more southeasterly in the east-central part. In the southern part of the Southern

~ High Plains, both sets of drainages are aligned southeasterly.

Parallelism, or stacking of dr’ainage' elements, is common in the geologic record; Fisher
and McGowen (1967) recognized a similar phenomenon in their study of the Wilcox Formation‘éf |
the Texas Gulf Coast, and Brown (1975) no.‘ced similar relations in fluvial-deltaic systems in the
Permian Basin of Nortn—Céntral T.exa,s, The signiﬁ_c_:ant“observation here is that aésociateq paifs
of presenﬁ—day streams and 'paleostfeams flf)_\,yed at similar angles across their respective

regional slopes and, thus, are not consequent streams in the strict sense. The parallelism and

the tendency'toward superposition of these streams suggest that the controls or influences on

the development of pre-Ogallala drainage also controlled or influenced the development of the
Recent drainage on the Southern High Plains. .

STRUCTURAL CONTROLS ON REGIONAL DRAINAGE DEVELOPMENT |

Four distinctly different drainage systems impinge upon the Southern ngh Plains--the

+ Pecos River on the west, the Canadian River on the north, the tributaries of the Red and Brazos.

'Rivers that drain the Rolling Plains and Caprock Escarpment to the east, and tributaries of the )

Red and Brazos Rivers that drain the surface of the Southern High Plains (fig. 14). Two of -'
these systems, the Pecos and Canadlah Rivers, ﬂow across _-regio'nal basement structural trends
and at high angles to the fegional southeasterly topdgraphié slope. Tributa’riesf of the Red and
Brazos Rivers, on the other nand, gg_gfgaih man_y“paféllel ségmentsﬂand'ar;e aligned ‘parallel to

regional and local structural elements.

The Pecos and Canadian_Rivers

The headwaters of the Pecos River are in north-central New Mexico in the Sangre de

Cristo Range. The Canadian River also has its headwaters in the Sangre de Cristo Range and
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partly in the Cimarron Mountains of north-central New Mexico. Both streams initially flow
southeast. In central-eastern New Mexiéo, b,otﬁ streams turn ab;uptly from the southeasterly
flow direction that prevailed at the end of Ogallala deposition (ﬁg; 12). Th‘e Pecos River turns
soutm&ard approxirﬁately 700 to parallel the western Caprock Escarpment, or the Mescalero

Escarpment, of the Southern Hign Plains (fig. 2). The Canadian River turns abruptly 909

~eastward to flow east-northeastward and to separate the Southern and Northern 'I—Iigh Plains

|

(fig. 2).

Casual observation oi valleys of the Caﬁadian Rivér in the Texas Pannhandle and of the-
Pecos River in eastern New Mexico indicates that the present Canadian and Pecos Rivers are
small streams flo;vh:ig ip‘ very large,' valleys.b In Texas the Ca'nadj,g,p_ River Valley | .'LS“
approximately 48 km (30 mi) w;de, and the floor of 'the valley lies from 185 to 305 m (600 to
1,000 £t) below the Southern High Plains surface. In éasterh New Mexico, the Pecos Rlbver‘.liesﬂ_.'l ,
from 305 to 370 m (l,OOOy.t‘c‘> 1,200 ft) below the western margin of the Southern Higﬁ Plains.
The valley floor is 24 to 32 km (15 to 20 mi) west of the rim of the Southern High Plains. The
Western side of the Pecos River Valley cannot be eas11y defined. These two valleys are all the
more. 1mpresswe when one reahzes that both were constructedvsmce the end of dep051t10n of
the Ogallala Formanon,-between apprommately 3.0 x 106 and 2.5 x 106 years ago.

Any discussion of the origin of the Canadian and Pecos River Valleys must account not
only for the development of the streé;ms across regional slopes and structures but also for the
processes or conditions under which these streams formed. In relativély arid climates and with!

small drainage basin areas, these streams were able to excavate very large valleys during a-

' geologically short period of time,

During late Pliocene to early Pleistocene time, the upper part of the Pecos River system
drained southeast across the Southern High Plains through the Portales Valley and was part of
the system that evolved into the Brazos River (fig. 13). In the eastern part of the Southern

High Plains, two paleovalleys have been recognized as possible eastward extensions of the

Portales Valley: a southern valley now containing Yellow House Draw and a more northerly
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valley along the trend of Running Water Draw and White River. The,literature describing the
geomorphic evolution of the Pecos River system was reviewed by Thomas (1972), Reeves (1972),
and Hawley and others (1976). | ‘

A 'subﬂe topograpnic notch in the western Caprock Escarpment at the northern limit of
the Mescalero Ridge suggests the presence of an additional paleovalley, the Simanola Valley
(fig. 13). Definition of the valley on the Ogallala surface is obscured by an infilling of

windblown cover sand. A w1de band of sand dunes parallels this supposed valley on its north

side. Farther north, the Portales Valley is also paralleled on its north side by a w1de band of ..

sand dunes.

Usirtg‘Se_-ni's (1980) interpretation of the pLacement of Ogallala distributary channels and
fan ldbes arnd recent topography, an .epproxima'tion of topoaraphy present at the end- of Ogallala
time was developed for eastern New Mexico and for the Texas Panhandle (fig. 13) Clearly, the
ma]or dramage systems at the end of Ogailala, time flowed to-the southeast and east.

‘The Pecos and'»-Canadlan Rlvers, the major dramage elements in the regmn, now flow
nearly normalrto both recent flow and paleoflow directions on the Southerri High Plains surface
(fig. 14). To understand the evoldtion of drainage in this region, the mechanism that caused

I

these di‘versionsfas well as the timing of the diversions must be clearly understood.
Diversions of Regional Paleodrainage

The eastward divers;on of the Cadadian River and the southward diversion of the Pecos
River td their present drainages most likely resulted fromn dissolutivo,n of Permian salts; a
_process supported by dlverse but com pelhng evidence. |

| A lumd descrlptlon of the formation of the Pecos River Valley is given by Kelley (1972).
Parts of Kelley's hypothesis explaining the fprmatmn of the Pecos Valley are elaborated on or
modified in the »followi.ng discussion of the origin of both the Pecos and the Canadian River

: Valleys.
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Pecos River Valley

' During early to middle Tertiary time, uplift of parts of central and north-central New

Mexico provided increased sediment loads to streams draining eastward and southeastward

across eastern New Mexico and the Texas Panhandle. Regional aggradation formed the alluvial

~ fans that are now known as the Ogallala Formation.

Lake basins containing Pliocene and Pleistocene faunas and floras lie near Mount Blanco

in Crosby County, at Cita Canyon in Randall County,’ along Tierra Blanca Creek in Deaf Smith

~

County along the Double Mountain Fork of the Brazos River in Lubbock County, along Rita -

- Blanca Creek in southern Hartley County and along Tule Creek in Swisher and Brlscoe Countles.,

All these basins overlle zones where accelerated dlssolutlon has apparently occurred.

- The f.ormer lake basins, exposed along Tierra Blanca Creek Tule Creek Cita Canyon and

Rita Blanca Creek are thought to be tne remnants of a system ‘of subsidence basins resultlng '

from salt dissolution that developed after ,Ogallala deposition (C'Ompare figs. 8 and 9). If this
- (I . . *

hypothesis is correct, the Pliocene and Quaternary faunas and floras of these basins may

provide minimum ages for the onset of subsidence, which initiated major altera,tions in the !

reglonal drainage of the Hignh Plains. Other subsidence basins that may have develOped have

been consumed as the Pecos and Canadlan Rivers and the Prairie Dog Town Fork of tne Red

~ River 1nc1sed and w1dened,tne1r valleys.

The-Pecos River valley parallels the dissolution limits of Permian salts .in eastern New
Mexico (fig. 14). The Pecos River Valley is thought to have resulted from a series of subsidence

basins that developed along the western margin of the Palo Duro Basin in post-Ogallala time

over the north-south trending “dissoluti‘on. Their form was probably similar to the large,

Lake in De Baca County and Samples Lake in Chaves County, New Mexico (fig. 2). Nasn Draw
(Vine, 1973) and the San Simon Swale (Bacnman and Johnson, 1973) are two additional examples

of large topograpmc basms that have been prewously attrlbuted to d1ssolut10n and subsidence
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" internally drained basins that exist on the eastern flank of the Pecos River Valley near Urton ‘4 )
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east of tne Pecos River but south of this study aree. All these basins are shallow a;nd elongate
roughly parallel to the trend of the western dissolution zone. |

bDissolution and subsidence influence or control a series of surface processes (Kelley,
1972). Initially, surface subsidence would have resulted in a diminished gradient and deposition
of bed load. Collapse would have increased fracture per-rneability. As ponding expanded along
stream courses, drainage probably would have' continued to the southeast, for a short time at
least. Once subsidence ponuing was established, two pfocesses would have resulted in drainage
diversion to the south. Because of either further collapse or flooding; waters could have
overtopped divideé b{et\ween basins. Overtopping within a series of basins_aligned north-south on
a surface thet slopes to the seutheast WOuld have resulted in diversion to the south. Eventually,
dlvxdes were eliminated between.subsidence basms either by overtoppmg and incision of a
channel, by further subsidence, or by a combmatlon of these two processes.. ’I'herprocess
described here is a diversion of what. was probably many southeaeterly flowing streams,

inclu'/dingmstreéms that occupied the Portales and Simanola Valleys, by regional subsidence

resulting from salt dissolution (figs. 13, 14, 15). This model differs from the origins suggested

by Morgan (1941), Keiley (1972), Reeves (1972), and Thomas (1972) in that it eﬁminates the

progressive headward capture oy pu‘acy of a succession of southeasterly ﬂowmg streams,

perhaps endmg with the paleo-Brazos—Portales system. The advantage of this model is that it is”

consistent with the processes of dlssolutmn and collapse that are currently actlve and were

undoubtedly active during early Pecos development.
Canadian River Valley

The path of the Cenaclian River from southeés'tern San Miguel County, NeQ Mexieo,ll's
nearly normal to the regional slope of the Southern ngh Plains. The valley is also nonhal to
several seutheastetly trending paleodistributaries within the Ogallala Formation (compare
fig. 12 -and fig. 14).  Tne Canadian River, flowing east-northeasterly across the Texas

Pannandle, is the only major streamn within the Texas Panhandle since preéOgallala time that
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did not flow eastward or southeastward. The Canadian River Valley, where it iinpinges on the

salt dissolution zone in eastern New Mexico, turns abruptly eastward and then northeastward to

nearly parallel the northern hmlt of dissolution of salt in the Seven Rivers, San Andres, and

‘Glorieta Formations (fig. 14)

-

When Ogallala deposition ceased during Pliocene time near the present-day Canadian

;
/

River Valley, a broad low-relief alluvial plain stretched from eastern New Mexico across the

’["exas and Oklanorna P’a’nnandles (figv 15A). Dlssolutlon and subSLdence, which were probably
‘active durmg Ogallala deposmon, continued along the trend of the current dissolution zone.: As

subsidence occurred, a serles of broad basinS{formed above the dlSsolutlon zone. The late ,

Pliocene Rita Blanca lake'oeds 'may 'be a remnant of these basins (ﬂg 'lSB) Subsrdence basms '
along. the trend of the Canadlan River Valley would nave diverted or ponded southeasterly
o flowing streams. Assuming that the depressions tor‘rned -parallel to-the northeast trend of the
—_northern margin of dissolution,water traoped in the depresslons could have drained only to the
b “ nortn.east As for the Pecos Rlver, once the sub31dence pondmg had gccurred two processes
would have resulted in dralnage diversion to the northeast. Because of» either floodlng or
additional submdence,» waters would have overtopped divides. between adjacent basins. Over-
—_— toppmg between basms that allgned east-northeast on a surface that slopes to the east«-
— southeast would have resulted in flow to the east-southeast Eventually leldes between basms
were eliminated either by overtopplng and incision or by further subsidence (flg 15C) The"
process described here is one of diversion of preex1st1ng streams rather than one of headward
"'erosion and piracy.
7 | Regional sub51denceaccounts both for the p051t10n of the canadlan River Valley and for
)

‘the disparity of elevation of the ngh Plains surfaces on either 51de of the Canadian River :

" Valley. The northwest side is approximately 75 m (250 ft) lo_wer than the southeast side (fig. 2).
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' P,r'alrle Dog Town Fork of the Red River

The Prairie Dog Town Fork of the Red River from northern Briscoe® County to

southeastern Randall County, a distance of approximately 65 km (40 mi), parallels the north-
3 .

eastern limit cf salts of the Salado and Seven Rivers Formations (fig. 8). Where the river has
incised 1nto the Southern High Plains its valley is called the Palo Duro Canyon, Cross section
/—\ Al sn0ws that between the Burdell well on the southern edge of the canyon and.the Harlow

well witnin the canyon that approximately 60 m (200 ft) of salt have been lost to dissolution.

Many of the folds, faults and veins- exposed within the canyon are similar to the features
’ o

‘described by Ggldstein. and Collins (1984) as examples of brittle deformation of strata overlying

zo es of salt dissolution and resulthg from subvsidence due to-salt removal. Véins are mbstly
filled with fibrous gypsum (satin‘ spar).

The ‘deptﬁ of the canyon as well as the locafibn' of the canyon is thou'gnt to. be at least
pa,rtiy due to subsidence along the northeastern margfin of salt beds within the Seven Rivers
and Salado Formations.. In addmon the rocks undercomg sub51dence were extenswely fractured

which probably increased their suscept1b111ty to weathering and erosion. Thus both subsidence

N and the physical.breakup of strata in this area probably contributed to the development of the

~ canyon.

The development of subsidence basins in this area as a result of dissolution during the
Late Pliocene may also be suggested by Blancan- aged lacustrine sediments that are preserved

in Cita Canyon, a short tributary on the south-west side of Palo Duro Canyon (fig. 16). This

~lacustrine basin may be aremnant of a system of subsidence basins that developed prior to the

incision of the Palo duro Canyon.
‘Drainage on the Rolling Plains

Numerous small streams drain the eastern Caprock Escarpment of the Southern High
Plains. - Several larger streams, including the larger tributaries of the Red, Braibs,-and

Canadian Rivers, drain small parts of the Southern High Plains. The many small streams that
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arivse below the Caprock Escarpment composé a substantial 'par’c of the neadwaters of these
three major streams. In contrast to the Canadian and Pecos River systems, which formed their
valleys primarily by incision, the streams east of the Caprock Escarpment are increasing their

areas of influence by headward erosion, ~Gdstav$oh and others (1981b) have suggested scarp

~ retreat rates in the order of 11 to 18 c?/yr (4.3-7 infyr). As a streem‘system_ evolves,_tn_e'

valley reflects the adjustment of the stream not only to the prevailing hydrodynamic conditions
but also to the climate and to the structure of the rocks over which the stream flows.

T

Folldwirxg is a discussion of the possible structural controls on stream development on the

Rolling Plains of the Texas Panhandle.

~Several authors have attributed the development of linear segments of the Rolling Plains
drainage ‘t‘o adjusfmen'*t i:‘ouprev'aiﬁng sets of fractures. These authors differ w-i‘dely» in their
l'speeulatio‘ns on tﬁe"Origins- of \f_rac_:tdre patterrrs,/ or-inferred fracture patterns. Reeves :(197‘1a.)v

obSerVed that linear Segments of the \ralleys of the Salt "F‘ork and the .Double Mountain Fork of

the Brazos River had preferred orlentatxons of north—soutn nor’theast-southwest and north-

~

west-southeast, He d1d not observe any regmnal fractures but inferred that the streams-had .

“responded to tne "Earth's regmatlc fracture pattern." The U.S Army Corps of Engmeers (1975),
.usmg SLAR (SJ.de-lookJ,ng a1rborne radar) imagery, recogmzed that linear valley segments occur
a,long the Middle and Nortn Pease Rivers and the Prairie Dog. T0wn Fork of the Red RlVE!‘.
They prov;ded no“‘data on the preferr,ed orlen_tanons of the strearn ‘segments or on _fraetures
within the area,.but* they attributed the 'linearity of stream 'se_grrxenre to t‘he influence of a
system of fractures. - T’he Corps sugges'ted that fracturing .';S a near-surface pheno.menon and
that it results from the dlssolunon of salt, y[jsum, and poesibly dolomj!te and the eollapse of
_overlying strata. Finley and Gustavson (1979, ‘1981)'ana1>yzedf linearnerits recogrﬁzed from
Landsat ifnagery of itﬁe'Rolling Plains of the Texas Pannandle.. The lineaments include linear

streams, topographic elements, and tonal anomalies. Finley and Gustavson noted a similarity in

the orientations of lineaments and major joint trends. They also noted that the major joint.

trends were similar to subsurface structural trends and suggested that linear physiographic’
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features were probably structurally. controlled;. Gustavson and others (1982b) observed the
development of elements of karst topography caused by salt dissolutio‘n and associated collapse.
These ‘subsidence basins, or dolines developed‘ wil’éh preferred orientatidns of their long axes.
The long axes tend to parallel the preferred dfientations of linear stream elements,; and both
tend to;paral.lelr préferr‘ed orientations of joint\ systems in the regiona Gustavson and others
(1982b) did not speculate on the origin of the joints.

~This review of ’che available liferatufe i_ndicad;es that there is agreem.ent that the é’tr"eams »
dreining the"Rolﬁng Plains of the Texas Pvanhandlelconta.in-lineer'segments and that these
streams are at least in bart structfjrally controlled. Altnough investigators also agree that
ahgned stream eegrnents appear to be related to fracture systems, they do not agree on the -

origin Qf the fracture systems.,‘

Subsidence Basins, Si‘nkholes and Fréctures :

Two surface features genetlcally related to" reglonal fracture trends that result from salt -

dissolution’a’nd collapse are subsidence, basins or dolines and open surface fractures. These

‘processes and the- resultmg surface phenomena provide ma]or structural controls for the

development of ahgned dramaae segments in the Rolhng Plains of the Texas Pannandle.
To understand better the relation between the processes of dissolution and sub31dence or .
collapse and the karst topography that is deveioping in the Rolling Plains, a large study area "

encompassing all of Hall County, Texas, was selected for examination (Gustavson and others,

1982b). In addition to numerous sinkho'les, over 200 internally drained, closed depressions

‘(dolines) wetie recognized (fig. 16). These are broad, shallow, typically obiong depress_idns that

range up to 3.5 km (2 mi) long and 10 to 15m (30 to 45 ft) deep. Many of these elongate

depressions show preferential alignments northwesterly, northerly, and nor‘cheasterly (fig. 17).

Two new collapse depressions, as well as at least 36 new sinknholes, formed in the study area

between 1940 and 1972.
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f Hall County is characteristic of much of the rest of the Rolling

andle. Two major physiographic units are distinguished: dissected

= relief and areas underlain by Quaternary fluvial and eolian deposits

that are relatively undissected. Land forms resulting from dissolution
ed primarily in the undissected areas underlain by Quaternary deposits.

re recognized primarily in dissected areas.

":lepréfé,sions depicted in figure 16 clearly illustrate pre;t'err'ed orienta-

and NE.-SW. (ﬂgr.v 17). - These orientations. corre‘spéﬁd”-closely to the

within Triassic and Permian Systems exposed to the west along the

Illng Plains and along-the Caprock Escarpment (Finley and'GustéVson,

:d Permian bedrock, in Caprock Canyons State Park, a few kilometers

1 by the Hall County Study Collins (1983) described the relétionshipv v

nal depressions.. He concluded that dissolution and collapse developed

. paths. It is thought that the depressiohs or dolines observed on

‘underlain by'AsynéllneS's'ifnilér to those observed by Collins. Further-

aberger, Inc., Fracture Identification Log from the DOE-Gruy Federal

. 20) indicates that the preferred orientation for fractures in the well

1 concentration of fractures appears between 10° and 30°. These two

ce similar to the orientations of closed depressions on tne Rolling

1e surface are difficult to observe over a large region because they are

~ processes or infilled by landowners in agricultural"areas such as the

evidence of six surface fractures ;was observed along Highway 2639 in

vo of the six surface fractures observed in Hall County were open

a 1979 and 1984 to widths of 30 cm (12 inches) where they crossed

'mnants of four previously open tension fractures were preserved as

lighway 2639; the open parts of these fractures in adjac-e'ntvﬁelds had
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been filled by the landowners. Fractures that cross Highway 2639 are oriented from N.250E. to

| N.509E. and closely parallel an adjacent series of closed depressions that are aligned N.40CE.

To determine the region outside of Hall County where karst features were being formed,

- questionnaires with photographs of sinkholes and open fractures were sent to soil scientists of

the U.S. Department of 'Agriculture, Soil Conservation Service, to tﬁe Agricultural Stebilization
and Conservation Service, and to State highway maintenance superwsors. This was done in each
county in the Texas Panhandle and in the two eastern tiers of counties in New Mexico. 5011
scientists from nearly\/every county within the :Pecos Plains, Canadian Rwer Breaks, and Rolling
Plains reperted that sinkholes had formed in their county (fig. 19). Highwa_y‘ _maintené.hce
superyisors from nine of the same counties reported that sinknoles or fraetures had formed in
tnehignway right-of-ways in their ereas of jurisdiction (Simpkins and others, 19871,). Neither
s';/nknéles nor fractures were repof_tedr for counties in Texas and New Mexico that lie ep’;}rely
within the Southern High Plains. o : o o : . - e

The absence of'sir}knol_es and fractures findicates that recent cata‘stroph‘ic subsidenee or
collapse .es reflected by the formation of sinkholes and-'open‘sur:face fractu’ree 15/ festricted to
lands overlying areae of relatively r‘apid salt dissolution., Gustavson and others (19815,)_ ,

previously tnought that the lack of development of s1nkholes and fractures on the Southern ngh

I

© Plains indicated. that salt dissolution was not active there. I—Iowever, after addmonal core

analyses, the lack of sinkhole development seems only to suggest that dissolution beneath the

Southern High Plains has not resulted in cavernous conditions or catastrophic collapse.

Linear Drainage Elements

Analyses of linear drainage elements were made using both small-scale black-and-white
W ‘ _

aerial photographs and specially processed false-color composite Landsat imagery (Finley and

Gustavson, 1982; Gustavson and others, 1982b). Linear stream segments in Hall County were

identified from black and white aerial photgraphs (fig. 16). Lineaf stream segmetnts appear
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prlmarliy in dissected areas. Undissected areas or sllﬂntly dissected areas have fev_v' linear
stream segments but contain most of the closed ciepressmnso -

Linear stream segments have preferred orientations that are NW.-SE.;, N.-S., and NE.-SW.
and are generally comparable to the preferred orientations of closed depressions (fig. 16). ‘T’he
orientations of open fractures within the county are.also similar to preferred orientations of
linear stream segments. |

Many segments of major stream’s and tributaries are oriented in a way that is similar to
the t_rendls of dissolution surfaces beneath the Rolling Plains.’ The approximate limits of

Permian bedded salts tnat are undergoing dissolution beneath the Rolling Plains have been

. ident_iﬁed (Presley, 1979a, b; Gustavson and others, 1980a). The plaCement of the limits of each

‘'salt unit, as shown in flgure 3, is directly dependent on avallable well control For example, if a

remnant of the lower San Andres salt lS present 1n one well but absent in a well 8 km (5 mi) to

7

the east, the actual salt limit could occur anywnere within that & km (5—ml) distance. Salt limit

lines on the map have been placed appronmately mldway between the last salt-bearmg well

\

penetrating a salt unit and the first non—salt bear1ng well to the east. Even wrtn this potential
source of error, a strong relation still exists between the trends of dlssolutlon and the posmon
and orientation of segments of ma]or streams and trlbutarles on the Rolhng Plams, Approxi- '
mately 40 percent of the total length of the streams shown on flgure 20 lies nearly parallel to |
or within 20° of the orientation of the limits of adjacent bedded salt.

| A relatio,n between fracture systems, open sur-face fractures, closed depressions, linear“.
stream segments, and trends of salt dissolution surfaces has been illustrated by snowmg that
they all have broadly sxmllar orrentatlons. This suggests that a causai relation exists among
tectonically induced deep fracture systems, the processes of salt dissolution and collapse, and

the orientation and- posssxbly the locatlon of surface streams.

A conceptual model of a salt dissolution surface can be developed on the basis of an

understanding of the following: (1) the landforms that are developing as a result of dissolution 7

and collapse, (2_) the spatial distribution of salt dissolution fronts, and (3) the variability of salt
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dissolution rates that apply to tne Rolling Plains. - Sinkholes and closed subsidence basins »exi,st

‘in areas where salt removal has been locally accelerated and where caverns formed. Closed

depressions tend to be oriented parallel to the orientations of known fracture trends, which
suggests that dissolution is accelerated along fracture traces. Field observations imply that
fractures exposed along the Caprock Escarpment are not randomly distributed but exist in

groups with similar prexerred orientations (Coldns, 1983). If the frac‘cures beneatn the Rolhng

Plains also occur in groups with preferred orlentatlons, then tms supports the 1nference that

~ dissolution has been accelerated along fracture trends beneath elongated and aligned closed

depressions.

Relation Between Aligned Surface Elements and Salt Dissolution

Dissolution of progressively younger Permian bedded salts occurs from east to west across '

).

the Rolhng Plains. Eacn successwely mgher salt-bearmg unit has undergone progresswely more

" dissolution than the next underlying salt unit. The salt dissolution fronts beneath ,tne Rolling

Plains are subparallel to each other and to the margin of the High Plains. This pattern suggests
that dissolution of different salt-bearing units occurs at similar rates across the eastern part of
the dissolution zone. Although this may be true on a long-term. (geologlc) bams, it is certalnly

not true at, present. Mean annual dlssolunon rates for salts that are within the 12 dramage

_ basins covering the Rolling Plains vary by as much as 4 orders of magnitude (vertical, 0.062 x

103 to 94.14 x 10-3 cm/yr; 'horl_zontal, 0.3 to 81.71 cm/yr; GuStavSOn_ and others, 1980a). In

addition to the differential dissolution suggested by landforms, the range of observed dissolution

rates indicates that dissolution varies over relatively short periods of tim_efrom drainage basin

to drainage basin and from place to place within drainage basins. The roughly parallel nature of

the dlssolunon trends (fig. 3) however, suggests that the mternally variable rates of dissolution
may average out over geologically s1gn1f1cant lengths of time, so that reg1ona1 dissolution of

different salt units occurs at similar long-term rates.
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Regional_dlssolutlon is thought to occur from the upper surface of a salt bed downward.
The amount of salt that has been removed from any bed decreases to the west. If this is true on

a regional scale, then as dissolution occurs and the salt wedge retreats to the west, progressive

collapse of overlying strata will also occlr, ‘As dissolution and collapse occur, subsidence

.depresslons parallel to dissolution trends'd‘evelop at the surface. vThe'se depresslons also tend to
be allgned with the regxonal fracture trends because of accelerated dlssolutlon along fracture
trends., During collapse, tensmn fractures open at the surface that are also parallel to regional
,..ffracture trends or to the trend ,‘of the dlssolutlon zone (Co.ldsteln, 1982). _C‘losed SUbSIde,nQ e

depressions and open surface fractures are similar to regional fracture trends and, in turn, have

influences the orientation and location of aligned stream segments.

Southern High Plains Drainage -

 Two different styles of drainage characterize the Southern ngh Plains. Most of the

surface drains internally into tnousands of small lake basins; this consti'tutes the first type of

 drainage pattern. Little mterconnectmg dralnage exists between these lake basms, known by

. various names mcludmg, small lake basms, playas, and buffalo wallows except f,ollowmg perlodsv

of very heavy rainfall. The p0351ble orx.gms and ‘ages of these emgmatlc features have been:

described by Gilbert (1895), Evans and Meade (1945), Judson (1950), Gustavson and others
_ (1980a), Price (1958), Reeves (1965, 1966, 1970, 1971b) and Woodruff and others (1979). They
~attributed the origins of ‘these features to deflation, solution and subsidence, and animal

‘ activity. “Alt’no’ug\h lake basins on the Soutnern‘ngn Plains surface receive much of the runoff

i

of the area, tney wlll not be discussed further in this report because they only rarely contribute

 runoff to the regional dramage system.

The second type of- dramage on the Southern High Plalns is one composed of a series of

_elongate stream valleys having very narrow drainage basins. These drainage elements include

Yellow House Draw, Blackwater Draw, Runmnc Water Draw, Tule Creek Qu1taque Creek and

Tlerra Blanca Creek Of these, all except the eastern half of Tierra Blanca Creek dram to-the
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southeast. Tierra Blanca Creek and Frio Draw, a major tributary, drain to tné northeast across

the regional southeast slope. |

Influence of Salt Dissolution and Subsidence

on Frio Draw and Tierra Blanca Creek

\

Tierra Blanca Creek and Frio Draw have their headwaters in eastern New Mexico, where

both streams flow to the southeast (fig. 2). In the western part of the Texas Panhandle, both
\ o | : o

streams flow first eastward then',_nortneastward, These streams probably would not have

developed where they are as a simple cdnsequer)ce of adjustment to regional southeast slope.

Furthermore these streams '"cr_é_)ss the trends of Ogallala distributaries at high angles

: (;gign 13). The position of this 's_tr”eamﬁ sys\,t‘em is ap{;ﬁarently not related to either regional slope

nor is it'inherited from Ogallala depos'itio,n. Figures 8, 9, and 10 illustrate a _zbne of thin salt in

‘the Seven Rivers Formation overlain by structural lows on the Alibates Formation beneath the

valleys of these streams. The structure-contour map on the base of the Ogallala Formation

(High Plains aquifer) (Knowles and others, 10982) shows a s‘eriév_s‘o:f closed structural depressions, =
which tend to overlie depressions on the Alibates surface, and a northeast grain to the
paleotopography (fig. 11). The deepest depréssiohé lie along the axis of thin salt. The valley of |

Tierra Blanca Creek and the parts of other streams in the area overlie and parallel structural

, deprressions on the middle-Tertiary erosional surface. This broad topographic low overlies and

parallels the paleotopographic low on the middle Tertiary erosional surface, the structural low
on the surface of the Alibates Formation, and the area of thin Seven Rivers Formation salt.
This -evidence leads to the interpretation that Tierra Blanca Creek and Frior Draw regional

subsidence that trends to the northeast from northeast Parmer County through eastern Deaf

Smith and western Randall Counties.

* However, the topographic low in eastern Deaf Smith and adjacent counties, as well as the
paleotopographic low, is not entirely the result of dissolutoin and subsidence. Surface erosion.

by wind and streams has probably played an important role in lowering the High Plains surface
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COPIEDFORQAFILES o



________

<.

along Tierra Blanca éreek“(svee Gustavsp‘n and Budnik, in press, for a detailed discussion of the
development of Tierra Blanca Creek).

The age of the onset of subsidence in eastern Deaf Smith and adjacent counties can be
determined relatively‘,. The horthea,st-trending topographic low deforms the High Plains
surfaee, a late Pliocene feature. The A’Vtrou'gn inco‘rpora'tes ancienf lacustrine: basins at two
locatlons- Kansan lacustrine sedlments crop out in Canyon, T’exas (F‘rye and Leonard, 1963), and
Phocene lacustrme sediments crop out in I—Iereford Texas (’\Jorton, 1954). If the basms tnat
hold the lacustrine sediments resulted from sub51dence along the topograpmc low then these
data suggest that subsidence began as'early as late Pliocen_e. |

The timing of the formation of these lacustrine basms is problematical because in each
Case ~the contained leke se.diments provide only a minimum age. However, it seems that if tne\‘
basins. were much older than the contamed lake sediments, evidence of older strangrapmc units ‘
would have been found, but tms is not the case. Therefore, the range of ages of lake sedlments9

™

“from Pliocene to Pleistocene, suggests that the range in timing of dissolution for parts of the'

~ Southern High Plains is also Pliocene to Pleistocene.

Yellow House, BleckWater, and White River/Running Water Draws

Insufficient information is available to fully characterize the development of Yellow
House, Black\&ater, and Running Water D‘Vra;ws.' Certain 1nformation; no@ever, is available bon'
.tne origin of these streams. Runnmg Water Draw is the major tributary of the White Rlver, and
together with other hnear dramage elements these have been descrlbed as the Runmng Water
Draw - White River lineament (Finch and Wrignt, 1970). On the basis of the recognition of this
lineament and of a subtle topograpnic ﬂexu_ré along the tfac;k of the klineament, Finch and
ergnt interpreted the presenc_e of a fault to account for the topographic anomaly.v The
structure map on the top of the Alibates F'drmetion (fig. 9) shows no evidence ef a NW.-SE.-

trending fault.
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_ Farther south are Blackwater and Yellow House Draws. Like the Running Water Draw -
White River drainage element, these str'eams' ocoupy"broad Shallow valleys, - In these casee;
parts of both of these broad shallow valley_,s have been interpreted as being ’remnant,‘s of a par_tl_y-
filled Por*tales paleovalley (Reeves, ‘1972' Price,‘ l944~ Fiedler anduNye, »1933. Raker, 1915. )
Interpretatlons of the path of the Portales Valley across the Southern High Plams have been-
made on the basis of analyses of topoarapmc data (Baker, 1915 Thels, 1932 Prlce, 1944-) and
accordmg to'a contour map oi the’ pre-Ogallala erosmnal surface (Cronin, 1961; Reeves, l972)

Neither approach proVLdes unequwocal ev1dence of the actual path of the Portales Rlver ‘across-

the Southern ngh Plams.,~ Thus, although the pomt o:E en‘try of the: Portales Valley onto the

~ SouthernHigh Plains _mfeastern. New Mexico is w1dely recogmzed, it is not clear whethe_r the

Portales leaves tne High Plains through Blanco Canyon in the present drainage of the White -

River or near the Yellow House Canyon in the present drainage of the Double Mountain Fork of

~'the Brazos River.

The W hite River in 'niorthem‘ Crosby and so‘uthern Floyd' Counties and Yellow House Draw

J

in Lubbock and. Hockley Coumues overlle areas of thin Salado salt structural ‘lows on 'the

Alibates Formation and paleotopographlc lows on the mlddle-Tertlary erosional surface (flgs. 8y |

9, 10, llO. Blanco Formatlon lacustrme deposn:soccur above the area of thlnsalt in the White

'V ‘Rlver area. Suggesnng that dlSSOlUthﬂ and subSLdence may have 1nfluenced the development of

these streams locally

~ EVOLUTION OF REGIONAL PHYSIOGRAPHY

Late Tertiary
.., v ~ \ .

Regional drainage in late Tertiary time, after the final stages of Ogallala fluvial

‘deposition, was eastward across the northern Texas Panhandleu and Oklahoma Pannandle

(fig. 15A) Over the rest of the Texas Panhandle, dramage was oriented progresswely more to

‘the southeast. Drainage conmsted of distributary channels on lobes of the Ocallala bahada.
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Interlobe areas were topographically low and may have been collection trougnhs for the

discharge of fan distributaries. The pfesent-day valleys of the Canadian, Brazos, Colorado

Rivers, and Prairie Dog Town Fork of the Red, he along the trends of pro;ectlons of Lnterlobes‘

in the eastern Texas Panhandle (fig. 13).

The previous discussion has suggested that drainage development in the Texas Pannandle

and eastern New Mexico was strongly influenced by structure in the form of surface subsidence

" induced by dissolution of Permian salts. It is also clear that basement structure has strongiy

influenced dissplution. The areas of most rapid dissolution occur along the western, northern

and eastern margl,ns of the Palo Duro Basin. These are the upturned edges of the basin where -

=

‘Permian strata are closest to the surface (fig. 1). Active dissolution in the form of mston,cal

collapse events and high cnoloride loads in local spr‘mgs cnaracter_lze,these areas. . .In the

interior of the basin where Permian salts are deeply buried by sediments of the Dockum Group

and Ogallalas and Blackwater Draw Formations dissolution is much slower. Here subsidence has

occurred without resulting in large-scale collapse breccias in the subsurfaée or:in catastrophic
collapse features such as sinkhole at the surface. |

Locally dissolution has been'”inﬂu-énced by both basement faulting and by fracture systems
aschiafed with basement faulting'."" Accelerated dissOluﬂdni”of the salts of the Seven Rives

Formation beneath Tierra Blanca Creek in eastern Deaf "Smith County abpears to be related to

a northeast trending set of fractures (figs. 8, 19) (Gustayson and Budnik, in press). In'the

" “Rolling Plains collapse features consisting of small synclines and dolines are elongated parallel

to regional joint trends (figs. 16, 17) suggesting that dissolution has been accelerated along

‘regional joint trends (Gustavson andao’__ther‘s, 1982; Collins, 1983, in press).

. . /
Southeast trending basement faults that are part of the complex of structure that makes
up the Amarillo Uplift parallel and underlie salts undergoing dissolutin along the soutwest side

of the Amarillo Uplift. Salt margins as mapped in figure 3 are parallel to these faults and to

. fracture sysfems bmapped by Colliins (1984). From these data it appears that dissolution is
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strongly influenced by the regional structure of the basin and locally by fracture systems within
the basin.
Because of a reduced source area, Ogallal,a fans durlng the late T ernary were no longer

bemg acu,vely consaruued The Pecos-Pox ralesuBrazos, Simanola-Colorado, and proto-

Canadlan Rivers, and probably several other soutneast-flowng streams, began to incise their

i .y

valleys., Salt dissolution, which was active}during anllala deposition, probably continued
through the late Tertiary.

Follomng Ogallala fluvxal deposition a long period of eohan deposition occurred

ﬁ o punetuafred by periods of soil development.’ Ogallala depos_l}tlon c’ulmmated with the formation

of the Caprock calicne. -

Late Pliocene to early Pleistocene

l Salt dissolution and s.inSidence in wide zones along the east, nortn, and west sides of the
\ .

i; " Southern High Plams suggest that 1acustr1ne basins containing Blancan—age sediments resulted :
Lo

S sedlmem:s, lymg at tne northern margm of the Canadian Rwer Valley; the Clta Canyon"
lacustrme sedlments Iymg ad;acent to the western rim of tne Palo Duro Canyon, may. prov1de
»rmmmum dates for the onset of subsrdence and related processes tha.t marked the mmal phases

of development of the Canadian River Prairie Dog Town Fork of the Red,River Tierra Blanco

e Creek and the White River.
~ " Subsidence basins on the Ogallala surface along the present trend of the Canadian River
. .

J" as far west as the Ute Reservoir in New Mexico and the Prairie Dog Town Fork of the Red
River near the Palo Duro Canyon developed from regional dissolution along the northern flanks

) ~ of both valleys (fig. 15B). Subsidence along the Canadian River Valley intercepted easterly and

T : southeasterly flowmg streams mcludmg the neadwaters of the present-day Canacuan River near
o the Ute Reservoir. No unequwocal evidence of the proto—Canadlan southeast of the Ute
’ W | Reservoir is recognized in New Mexico, but it may have been a tributary of the Pecos-Portales-
" COPIED FOR QAFILES - 40 (
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’from sub51dence caused by salt dxssolunon. If this is- true, then the Rita Blanca lacustrlne
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Brazos system. By the‘end of this,time period, the Canadian had incised its valléys 1o a depth
of 125m (400 ft), relative to the south flank of the \)alley, as the result of erosion and
subsidence. A Canadian River terrace east of Lake Mereditﬁ lies ébout 125 m (400 ft) below
the High\ Plains surface and contains Pearlette type "O" (Lava Creek B) dash (G. Izette, written
‘cdmm,unicati'on), 1979.

Subs.idence basins: formed ‘along the trend of the Pecos River Valley and began to divert
soutneasterly flowmg streams to the south. The northernmost stream to be diverted was the
Pecos-Portales-Brazos system. T1m1ng of'the diversion of the Pecos- Portales-Brazos system is-
not clearly underStood, but some speculations have been offered. Hawley and others (1976,
p. 245) ‘éhougnt that any "interpretation of -Qua;cer'nary history in much of the Lower Pecos
Valley..,ié complicated by the long history of ‘subsidence' resulting from the dissolution of

evaporites." Clearly, this is also true for the upper Pecos from R05well'to Fort Sumner, New

" Mexico, because this area has also undergone extensive subsidence- from dissolution of

evaporites. Consequently, an uﬁderstanding_of the ti}nihg éf Pécbs River diversion that is based
on relating features like the Po_rtal‘e‘S'Valley to Qbua,t_erq‘ary éu'rfaces‘will always bé subject ”to
question. | |

Reeves (1972) reviewed the li_tera‘fcrhre describing the Portales Valley and concluded that -
since the éldest terrace;_f‘ound both above and below the point of‘di‘/versi'o,n is the Diamond-A
fﬂeséaléfo, diversion must have happenéd duriné_ K_ansén time. Remnants of the Mescaléro Pléin
appear as the flanks of the Portales Valley west of Tolar, New Mex1co (Reeves, 1972). The
Mescalero Plain is developed across a vanety of hthologles and formanons, the youngest of
which is the Gatuna Formation. The Gatuna Formation consists of a variety of “tluvial
sediments laid down along the Pecos Valley (Robinson and Lang, 1938, Bachman, 1980).
Bacnm_aﬁ (1'980A) reported that the upper part of the Gatuna Formation on the east side of Nash
Draw contains Pearlette type "O" (LaQa"”Creek B)'ash‘an_q_ is therefore about 610,000 years old.
The Mescalerofsurkface is capped by the Mescalero c‘aliche,”which“ ra‘:nigés in age from 510,000

years in the lower part to 410,000 years old in the upper part (Batnman, 1980). ' Therefore, the
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age of tne Mescalero surface is bracketed between the 610,000-year-old asnfall and the
510,000-year-old caliche.

According to projections of the floor of the Portales Valley (ﬁg_;z), the elevation of the

Pecose_Portales«-Brazos River thalweg must have been approximately 1,319 m (4,400 ft) near

Fort Sumner, New Mexico, the presumed point of diversion of the Pecos-Portales system. This
is approximately the elevatidr_lvo'f"tne Mescalero Diamond-A Plain when it is prej‘ected into the
Fort Sumner area. The projections plus the occurrence of youn'ger Pleistocene terraces only

downstream of Fort“‘Sumnet" suggest that the time of capture must have followed development

~of the Mescalero Plain. Hawley and others (1976) suggested that the 2 to 4 m (6 to 121ft) of

gravel in the floor df the Portales 'Véll"ey :(Theis, 1932) may be equivalent' to the Gatuna

~ Formation.” Altnougn none -of this ev1dence is unequwocal, it collecnve.ly suggests that

dwersmn occurred durmg the late Plelstocene and perhaps as early as late Kansan time. By tmsv

time, the floors of the Pecos and Peco,s—,Portales dramages had been incised by erosion and'

' subs1dence approx1mately 210 m (700 ft) below the pro;ected level of the High Plains near F’ort

Sumner. Smce the time of incision of the Dlamond-A \/lescalero Plam, about 600 OOO year ago,
the Pecos has incised its valley approx1mate1y 65 m (200 ft).

D1ver510n of more: southerly streams probably predated d1vers1on of tne Pecos-Portales
system; for example, the tnresnold to the S1manola,Va11ey lies 254 m (800 £t) above the Pecos

River and appears to lie largely above the Mescalero surface. This suggests that diversion of

this stream occurred during the early Plei‘sfeéene,

"~ o Late Pleistocene

/

\

Major drainag_e elements were esteb'llshed by the iete Ple’istocene::’r»lthe Pe‘cos River, in
eastern New :‘vIeXico, and the Canadian River, a'cross the Texas pannandle (fig. 15C). On the
west and north, the Caprock Escarpment is well estabhshed and local relief- along major ,
segments of the streams is approximately 200 m. Dramage to the east during Kansan time near
the Texas—Oklahoma border is poorly understood Durmg Kansan tlme, the Seymour Gravel was

o | | 42 | -
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deposited along the margin of what was then the High Plai»nsA Escarpment. An ash associated
with the gravels has been established as equi\)alént to the Pearlette type "O" (Lava Creek B) ash
(G. Izette, personal comfnunication, 1981; Simpkins and Baumgardner, 1982). Additional
scattered remnants of nigh gré,vel terraces exist as far north as Hall and Collingsworth Counties
in the eastern part of the Texas Panhandle. -On the basis of interpretation of fossil faunas and
recognition of a Pearlette ash (type unknown), Frye and Leonard -(196‘3) suggested that these
terrace remnants were KAa;nsa.n in age. If the ash in northeastern HalblCounty is equivalent to
jtné Pearlette type "O" 'asAh associated with the Seymour gravels, then the Kansan age of the
‘ high-level terraces is confirmed. Meinz-er and Slaughter (1971) thought that the Sey‘mo_pr
Gravels represented a series of alluvial fans that developed adjacént ‘cvo the eas.ter'nHign Plains = -
Escarpmeht’; however, Seymour Gravels are pr“e-s's.ent in only a small part of the easférn Texas
Panr‘llandlewarea: and are of insufficient quantitieé to characterize stream.development during
the late Pleistocene.
_ Late Pieistocené._to Holocene

A seriés of nearly continuous alluvialrwsurfaces, here informally called the Quitagueplai@
~are capped by eolian sands and silts and extend from near the base of the easte'xjn Caprock
Es‘ca.rpmen;tv eastwardbt‘o Childreés and Cottle. Counties (Baumgardner a‘nd”{Caﬂvan, in press;
Cavan and Baumgardner, in press a, b). These surfaces, éxtendlng from Briséoe C‘ounty on the
~north to Kent County on the south, grade eastward with diminishing slopes. They séem to be a
related-series of pediment and alluvial surfaces that are locally interrupted by insélbergs of
Permian or Triassic rocks. The Quitaque plain is being rapidly and extensively eroded. Farther
east, remnants of the Quitaque .piain occur as the uplands between streams that are tributaries

of the Prairie Dog Town Fork of the Red River. |
Exposures of the fluvial and eolian sedirlﬁents that immediately ﬁndérvlle the Quitaque
plain contain fossil molluscan faunas, archeological material{ and a series of paléosols. Soils of

the Miles, Springer, OltonISeries, and related associations are extensively developed on these
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the surfaces all suggest tnat the surfaces were prev10usly .nucn more extensive. Much of the

Rolllng Plalns east of the Southern High Plalns was probably covered with an alluv1al veneer

L N

~ during late Plelstocene and I-Iolocene time.

-Geomorphic eVldence based on analysis of remnants of tnese surfaces provrdes insight into
the evolutlon of dralnage systems in the Rolling Plalns durlng the late Wlsconsman and

r-Iolocene. Durlng Wlsconsman tlme, a series of extensrve alluv1al surfaces was constructed

' eastward from the eastern escarpment of tne Soutnern ngn Plains. These alluvial ~surfaces

were graded to the precursors of major present-day streams, such as the Pralrle Dog Town Fork -

of the Red River, Qultaque Creek, Middle Pease Rlver, Pease Rlver Tongue Rlver and the Salt
. rork of the Brazos River, wthh nave not cnanged their posmons since the Wlsconsman., These
streams have 1nc1sed vertlcally, pernaps locally ad]ustlng to structures in the underlying

-bedrock. The QUltaque surface in Hall County appears to. nave undergone extenswe local

subsidence because of evaporlte dlssolutlo_n. Subsidence basms on the Qu1taque surface are
oriented in a way that is similar to regional Jomt'orlentatlons and to preferred stream segment'

orientations in HallCo‘unty{ Streams appear to have adjusted ‘to the SUbsi.d’ence troughs that

"‘fformed on the alluvial surface, or tney may nave ad]usted to tne structures in the underlylng -

bedrock that are the result of tne reglonal joint pattern or of dlssolutlon—lnduced subsmlence.

CONCLUSIONS

Subsidence lnduced by the dlssolutlon of Permian - bedded salts and the collapse of
overlylng strata is a process tundamental to the development of. tne pnysmgrapny of the Texas
Panhandle and eastern New, Mexlco. ,Llnklng salt-dlssolutlon andsub&dence to the for,ma.non of

the three large valleys that define the western, norftnern, and northeastern perimeter of the

}Soutnern High Plains provides a rationale for answering several perplexing questl»ovns:‘ Why are .

the valleys of the Pecos River, Canadian River, and Prairie Dog Town Fork of the Red River ‘.

where they are? How did the valleys of the Pecos and Canadian Rivers form when they now lie
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nearly norm.al_ to the ’reg’lonal slope? How were such large valleys excavated in such a
geologically short period of time, especially considering the small drainage basin of streams like
the Canadian and upper Prairie Dog Town Fork?

 Clearly, subsldence basins a,long a dlssolutlon zone could dlvert the f.low of the Pecos

~ River to the south and the flow of the Canadian River to tne northeast Several hundred feet of '

0 salt have been removed from beneath the Pecos and Canadian River Valleys, and significant

parts of the column of rock removed from these valleys are accounted for by sub51dence of the
=)

'valley floor. As much as 60 m (200 f1) of salt has’ been removed from beneath parts of the Pa.lo,

~Duro Canyon of the Prame Dog Town Fork of the Red Rlver tne canyon bemg 300 m (1 OOO it)

deep at that pomt. ,Sub&dence, tnerefore,,.could account‘ for as much_as‘ _20.percent of the -
canyon's depth. Fracturing and minor faulting, attendant with subsidence, has mechanically
broken the rocks exposed ‘a:long the canyon and valley walls and, thus, made them more

accessible to erosion. Collectively, the processes of dissolution, subsidence, and mechanical

~disruption of overlying sediments have had a major role in determining the pl\’a;cement and rates

of incision of the major streams draining the periphery of the Southern High Plains.

| 'D'rai‘nage in the Rolling Plains has been partly shaped by topography in‘n‘erite’fd from the

N Ogallala alluvi‘a,l fan system that spread across the Texas and Oklahoma Panhandlesand'eastern
' New Mexico. In the eastern Texas Panhandle, the Prairie Dog Town Fork of the Red River
- Brazos, and the Canadianf,- and,“ Colorado Rivers all lie either_ in the eastward extensions -Of

interfan areas or in topograpmc lows on the Ogallala surface. T’ne orientation and Iocatlon of

‘segments of trlbutanes of these streams are strongly 1nfluenced by remonal tectomc )omtmg
and dissolution. Forty percent of the length of major tnbutarles hes parallel to or w1th1n 20
degrees of the orxentatlon of nearby salt dlSSOlUthn fronts. The preferred or'ientanons of
straignt segments of minor tributaries are NjV.-SE., N,-S., NE.—SW., and these correspond to t’he‘

preferred orientations of botn the reg‘ional fracture system and the elongate subsidence basins.

In turn thi_s’_ suggests that dissoluﬁ_on was accelerated along regional fractures and that
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subsidence basins, developing in response to accelerated dissolution, controlled or influenced
the position and shape of stream valleys.

With two excepnons, dramage on the Soutnern High Plams surface developed prlmarlly as

‘a result of relict Ogallala fan topography and regional soutneasterly slope. - Tne ancient

Portales Rlver could have flowed in eltner, or perhaps in both, the valleys of Yellow House .
Draw and Running Water Draw - Wnite RiVer lineament.. Yellow House Draw lies in an lnterian
area, and Running Water Draw - White River lineament seems to occupy a valley that may have
originated as a distributary on the Ogallala fan ‘surface. Locally, noweve.r,vbotn" of these
streams may have been influenced by dlssolutlon and subsidence, |

. ’Frio Draw is a major tributary of Tierra Blanca Creek- these two st'ream segments are the'v"'

only streams on the Soutnern High Plalns surface that drain northeast, normal to the regional

| slope. Frio Draw and Tlerra Blanca Creek connect three topograpmc basms, including basms at

Canyon, and Hereford, ’I'exas, where lacustrlne sedlments nave been preserved Botn.tne

»topographlc basms and Fl.".lO Draw and Tierra Blanca Creek seem to be related to accelerated

dissolution of salt in the Seven Rivers Formation. A broad, snallow dissolution trough lies

beneath the valley of Frio Draw and Tierra Blanca Creek and parallels both regional preferred

fractures and basement faults. Dissolution and subsidence in conjunction witn fluvial and eolian

erosion can be used to * explain both the formation of tne topoarapruc basms and tne

northeasterly dralnage of these ‘two stream segments,

( S -
Dissolution af.,fecnng_ the Pecos and Canadian Rivers and Prairie Dog Town Fork of the

Red River occurred after depositlon of the late Pliocene Ogallala' Formation. Lacustrine basins

: Wltmn the dissolution zones that rlng “the Soutnern ngn Plalns probably resulted from

subSLdence. Lacustrme sediments preserved in basms assoc1ated w1th the Canadian River Valley

Tierra Blanca Creek and with the Palo Duro Canyon of tne Prairie Dog Town Fork of the Red

River contain Blancan-age fossxl faunas. Therefore, the basins containing these faunas are at

~least as old as late Pliocene. No evidence is available to suggest a time for the onset of

subsidence along the trend of the Pecos River Valley. Although the drainage of the Canadian



X

‘Pecos River.

River was completely established by the early Pieistocene, the Pecos was not fully develeped
until the middle Pleistocene, when the headwaters of the Portales River were diverted to the

Draina.ge elements of the Ro.l.Liﬁg Plains pr.obebly ‘developed almost entirely during the
late Pleis'tocene and Holocene. Seymour Gravel containing Pearlette type "O" (Lava Creek B)
volcanic ash occurs with similar gravels containing similar, but undated ashes along the eastern
part ef the Texas Panhancile. "These gravels are topographic highs and are‘:rerﬁnants of middle
Pleistocene terraces. A series of alluvial surfaces extends eastward from near the Easterri.

Caprock Escarpment. These surfaces are lower than the ash-bearing gravels and are graded to

' the valleys of the Prairie Dog Town Fork of the Red 'River', Quitaque Creek, and North Pease

River, although the present-day streams have incised their valleYs well below the fan surfaces.
Thé fans have developed the same soils, are at similar elevations, and are graded to about the

same elevation in the eastern part of the Panhandle. Although the age of only one fan is known

from radiocarbon dates of paleosols, vertebrate and invertebrate faunas, and archeological

materials, all fans are probably w lsCOnsinan to Holocene in age. The margins,of all the fans are
belng acnvely eroded, and the streams to which the fans were graded are actively incising lntov '
the fans. Dramage developmg on the fan surfaces consists of mternally dramed subSLdence

basins and streams that have many segmen‘ts a,hgned parallel to subs1dence basin alignments.

‘Because most of the minor 'drainage segments on the Rolling Plains are either developlng on

‘Holocene alluv1a1 fan surfaces or erodmg into the margms of these fans, the minor dramage .

segments of most Rolhng Plams segments.are probably all Holocene features.

On tne surfa.ce of the Southern ngn Plains, the timing of the establishment of many

- drainage elements is questlonable. Those parts of the Yellow 'rlouse Draw and Running Water-

. White Rlver lineament having topograpmcaﬂy controlled Iocatlons on the surface of the

Ogallala fan may have begun to develop as early as early Pleistocene or late Pliocene. The

_ development of Frio Draw and Tierra Blanca Creek, on the other hand, is understood relatively

well because Tierra Blanca Creek drains the lacustrine basins in which Pliocene and Kansan
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vertebrate fossils nave been observedat Hereford and Canyon, Texas. Therefore, the present-

day drainage of Tierra Blanca Creek and Frio Draw is a late Pliocene - Pleistocene feature. - /
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Figure Captions

Figure 1. Major structural elements, Texas Panhandle and surrounding areas (after Nicholson,l

1960). Limits of Permian bedded salts are closely associated with the structural margins of the

Palo Duro Basin. Structurally high salt units are most likely to be affected by dissolution.
Figure 2. Physiogra‘pny of eastern New Mexico and the Texas'and Oklahoma Pennandlese
Dashed lines tie topographic contours across the ‘Canaﬂian;Brea«ks. If the strike of contour lines
on the Southern High Plains is projected across the Canadian River Valley it is apparent that
the northern side of the valley is approxlmately 80 m (250 £1t) lower in elevation than the south
rim of the valley.

Figure 31 Z‘ones of salt dissolution in 'eastern‘ Newv Mexico .‘.a'nd-"'tne Texas and Oklahema
Panhandles. Lines indicate the present extent of Salf in the study regiom I_n stt:atigraphic,
succession upward from the Glorleta to the Salado Formation increasing amounts of. salt are
preserved towards the soutnwest corner of the Texas Panhandle. Some San Andres Formatlon

sa.lts are preserved in northwestern Dallam County ‘and some Glorieta and San Andres

: vFormanon sal‘ts are preserved in the vicinity of Hutcmnson \,ountv A margmal dls.soluuon

zone ‘is approximately located by salt limit lines of the Seven Rivers, San Andres, and Gloneta

Formatlons., An interior dissolution zone is approximated by the area- underlam by che Southern

_Hign Plains. Wells with core tnrough strata from which salt has been dis_solved are indicated by

Numbered triangies;
) l.,__A _D._OE - Gruy Federal No. 1 ReXVWhite
2. DOE - Gruy Fed_eral No. | Grabbe
3. Stope and W.ebster Engineerng Corporation No. 1 Sawyer
4. Stone and Webster Engineering Corporation No. | Manstield
5. Stoneand Webster En.gineeri.ng Corporation No. l Detteh

6.  Stone and Webster Engineering Corporation No. | G. Friemel

7.  Stone and Webster Engineering Corporation No. | Zeeck



II 8. Stone and Webster Engineering Corporation No. 1. J. Friemel

; )
9. Stone and Webster Engineering Corporation No. 1 Harman

i

10. Stone and Webster Engineening’COYporation No. 1 Hb]tzc]awv

Line A-A' s f1gure 73 1ine B-B' is figure 6; TfneAC-CW is figure 4; and Tline

D-D' is f1gure 5

Figure\4. Strat1graph1c sect1on 111ustrat1ng sa]t d]ssolut1on and co]]apse of strata ”

beneath the Pecos R1ver See f1gure 3 for 1ocat1on of cross sect1on C- C'

‘_Figure 5. Strat1graph1c section 111ustrat1ng salt d1sso]ut1on and co11apse of strata

\.a!

beneath the Canadlan Rlver See F1gure 3 for the ]ocat1on of cross. section D-D'.

Figure 6. Stratigraphic sect1on 1]1ustrat1ng dlsso]ut1on of Sa]ado Formation salts

ll ‘beneath Tule Creek. Tule Formation ]acustr1ne beds, not shown on the Cross sect1on crop

\ out along the va11ey sides of Tu]e Creek See figure 3 for the ]ocat1on of . sect1on B-B'.

e Figure 7. Strat1graph1c sect10n 111ustrat1ng sa]t d1sso]ut1on and co]]apse of over1y1ng

1 'etrata beneath the Palo Duro Canyon‘(Pra1r1e Dog Town Fork of the Red.R1ver). See figure

LJ 3 for 1dcation of section A-A'. | | | | | | | |

[]v Figune 8. ‘Net-salt map of parts~of‘the Salado and~SeVen Rivers Formatidns Net sa]tm
thickness of the Seven R1vers Format1on is shown on]y where Seven R1vers salts are not

e over1a1n by sa1ts of the Sa1ado Format1on . Adapted in part from Gustavson and others,

R 1 | | | _ |

- F1gure 9. Structure?contbur map on the tdpldf the Alibates'Formation': NOte'that'stnuet-

v (
ures are comp]ex and well-defined in areas of suff1c1ent data, but w1th sparse data show

7 Tittle in the way of structures . " o

| F1gure ‘10. Structure contour map on the Alibates Format1on based on reflection se15m1c
— velocity data. See f1gure 11 for 1ocatjon; F1gure.from Gustavson and Budnik (1n‘pre§s).
— thure 11. Structure-contour nap on the:base of the Ogallala Formatﬁen (derived frpm”“
' Knowles and others, 1982). Paleo streams are interpreted frdm contour V§‘p01nting np-"'
N slope. Modern drainage is superimposed to ‘show the relationship between:modern drainage
.~ and Ftrueture and between modern and paleodrainage. InSetvin Deaf Smith County gives

{] the docation figure 10.
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Figure 12. Siratigraphic ‘section showing dissolution of Seven Rivers .Form'ation salts and
collapse of ove;'lying strata beneatﬁ Tierra Blanca Creek (batum is base of the Seven Rivers
Formation. Note that units undérlying the Seven RiVers Formation thicken ‘in the same area
that dissolution has occurred. See figure & for the location of Section E-E'.

Figure 13. Regional topography in eastern New Mexico and the Oklahoma and Texas Pannandles

at the end of late Pliocene time. Solid contours reflect present topograpny'; Dashed contours

are estimates based on removal of the effects of dissolution induced subsidence in the northern
part of the Texas Pannahdle and the Oklahoma Pannandle, and on projections of the High Plains
vsurface to the east. ‘Ogallalé. sand thicks and interpreted flow directions are also shown ‘(a.fter
Seni, 1580). Note that modern streams head into interfan areas. Post—Ogallala drainage was
probably to the easf énd sout’neas‘t on this surfac"e; |

Figure 14. Régibnal drainage of eastern New Méxicé ‘.‘and of the T exas .and Oklahoma
Panhandles.. Notice that the Pecos River turns south to flow along_thé wéstern margin of the -
salt dissolution zone; the Canadian River turns east along the eastern marginrof the dissolution
zone. ,vBot_h__»th‘e' Pecos and Canadian Rivers flow at very high angles to the regional ‘.

southeasterly slope and to streams such as Running Water and Yellow House Draw ‘that are

essentially flowing parallel to fegional slope. |

Figure 15. Stages in the evolution of the drainage of eastern New Mexico and the Texas and

~

Oklahoma Panhandles since the end of Ogallala deposition. ‘The sizes of dissolution induced

subsidence basins are speculative because only remnants of these features may be preserved.

Rather than a few large basins there may have been numerous small basins.

)

Figure 16. Location of sinkholes, dolines (closed depressions) and fractures in Hall and eastern

Briscoe Counties, Texas. Dolines are drawn to scale, sinkholes which are much smaller are not
drawn to scale. Dolines and sinkholes were recognized from colored aerial photograpny flown in li

1979.
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Figure 17. Diagrams indicafé orientations of long axes of dolines and linear stream segmentfslin
Flall County. For each 109 sector, linear data are plotted as a percentage of total number of
closed depi‘essions and as a percentage of total length of linear stream ségmems,

Figure 18. Fracture orientations iErom nine surface locations in the Texas Panhandle and
eastern New Mexico and from Schlumberger Inc. Ffacture Identiﬁéation L'ogs from eight test :
wells in the Texas Panhaqqle.

Figure 19. Texas and New México counties from which sinknoles and fractures have been

reported lie mostly within a peripheral dissolution zoné that encompasses the Pecos Plains, the

Canadian River Breaks and the Rolling Plains. Sinks and open fractures have not been reported

from the Southern High Plains of northern High Plains within eastern New Mexico or the Texas

Panhandle.
Figure 20. Comparison of stream. segments to trends of the eastern limits of Permian salts.
Approximately 40 percent of the total length of major streams within the Rolling Plains of the

Texas Panhandle lie within 20 degress of the orientation of the one or more of these salt limits.
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thicks and interpreted flow directions are also shown (after Seni, 1980). Note that

~modern streams head into interfan areas. . Post- Oga]lala drainage was probably to the

east and southeast on this surface.
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~_ EXPLANATION
g ' ~—s1 Caprock escarpment S ‘ o .= Limit of Upper San Andres sait

o —>—— Minor stream  ==——=s:—— Limit of Salado sait

Limit of Lowqr San Andres sait
am — Mo]df stream . e= = = Limit of Seven Rivers salt e |_Imit of Glorieta salt
G Figure 14. Regional drainage of eastern New Mexico and of the Texas and Oklahoma
== Panhandles. Both the Pecos and Canadian Rivers flow at very high angles to the

' regional southeasterly slope and to streams such as Running Water and Yellow House
~.~~f’ Draw, which are essentially ﬂowmg paraHe] to regional slope. -
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A o oxd s and Okiahoma Panhandles since
Figure 15, Stages in the evolution of the drainage of eastern New Mexico and the Texgieagpec“'ative borause only rem-

d of Ogallala deposition. The sizes of dissolution induced subsidence basins
ﬁgﬁtgnofothege featureg may be preserved. Rather than a few large basins there may have been numerous small basins.

From GC 82-7.
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Figure 16. . Location of sinkholes, dolines (closed depressionS)
and fractures in Hall and eastern Briscoe Countjes, Texas. Do-

T

Tines are drawn to scale, sinkholes which are much smaller are
- : not drawn to scale. Dolines and sinkholes were recognized- from
{ ‘‘‘‘‘ | o colored aerial photography flown in 1979.
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CLOSED DEPRESSIONS
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. F1gure 17. D1agrams indicate or1entat1ons of long axes of do]1nes and linear stream
L segments in Hall County. For each 10° sector, linear data are plotted as a percentage

1§ of total number of c]osed depress1ons and as a percentage of total Tength of linear
stream segments. ‘
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Texas Panhandle and eastern New Mexico
frqm eight test wells in the Texas Panhandle.



See separate file for Figure 19
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Figure 20.

or more of these salt 1imits.

Comparisonaof'stream‘segménts to trends of the eastern 1imits of Pefmian
salts. Approximately 40 percent of the total length of major streams within the
Rolling Plains of the Texas Panhandle lie within 20 degrees of the or1entat1on of one
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