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ABSTRACT

Salt dissolution has affected parts of the Upper Permian Salado, Seven Rivers, San
Andres, Glorieta, and upbér Clear ﬁork Formations“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 éalts of the Salado and Seven Rivers Formations has
also occurred beneath the Southern High Plains, Cumulative thiékness of salt los‘t to dissolution
exceeds 150/m (500 £t) along the western, northern,.and eastérri margins of the Palo Dufro Basin.
N : !

DissolutPon and subsidence occurred during deposition of the"I‘ertiary Og_allala Formation,
but Ogallala deposifion» kept pace with subsi_dénc_e‘. . Following the evnd of Ogallala in the late
Pliocene, surface subsidenée had resulted in lacuétrine basins aibhg‘trends of relatively rapid
dissolution. Preserved lacustrine sediments contain Blancan fauﬁas,’ which c§nﬁrm minimum
late Pliocene ages for the basins. ' " |

Continued subsidence avlmong'.t‘r:'e'nds of relatively rapid dissolution during the late Tertiary

and early Quaternary resulted m a senes of basins that diverted many of the streams that .

ﬂowed southeasterly across the Southern ngn Plains. Asa result of subsxdence, the headwaters .
of the a,ncestral Brazos River were diverted during the middle Plexstocene from a southeasterly )

drainage througn the Portales paleovalley to a soutnerly drainage through the Pecos Valley.

-+ The present-day headwaters of the Canadian Rlver are probably a former tributary of the

Pecos-Portales-Brazos system that was diverted to the northeast along a- 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



s )

vvformedbetween late Pliocene and early Quaternarvy; The bésins and stream valleys probably
owe most .of their form to normal fluvial afd eolian éros_ional processes. Their location,
however, is probably the result of dissolution-induced subsidence. |

Caprock Escarpment are being extensi;elly. dj,ssected, suggesting that much of the
drainage on the Rolling Plains in the Texas Panhandle developed during the late Pleistocene and
- Holocene. That 'mﬁcn of the drainage ‘is controlled by dissolution-induced subsideﬁce is
indicated by parallellsm ; bétw‘een major stream segmeri'ts and dissolution fronts for Permian
salt-bearing units. Furthermoré, minor stream segments paréllel the preferred orientations of
numr'et"ous subsidence bbasins that are on the surface of the a_lluvial fans. Both straight segmehfs

of minor streams and long axes of subsidence basins are aligned parallel to the preferred

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

fracture trends, resulting in subsidence basins that parallel fracture trends and, in turn, the

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

Kedei‘ds: Geomorphology, physiography, salt dissolution, Cenozoic, Texas Panhandle, north-

«

eastern New Mexico. -
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INTRODUCTION

The Palo Duro and ‘Dalhar‘t Basikns of the Texas Panhandle and eastern New Mexico contain
bedded Permian salts of sufficient thickness and depth to be coqéidered as potential sites for
long-term storage and isolation of high-level radioactivé nuclear waste (fig. 1) (Johnson, 1976).
Salt (primarily halite) is a desirable host rock because of its low permeébili'ty, low moisture
content, and high gamma—ray-;snielding properties.

Zones of active salt q1$solution have been identified along the eastern and western

Caproék Escarpments of the Llano Estacado, or Southern High Plains, along the southern margin

of the Canadian River Vélley, and beneath the Canadia;n River west of Amarillo (Johnson, 19813 ;
Gustavson and others, 1980a; Ptesléy 1980a, b). 'I‘"ne-cciaincidence of these zones of digsolution,
Soutnérn ngn Plains escarpments, and ma_.jof streafn segmenfs strongly 3uggests thaf ‘theﬁfﬂ
processes- of dissolution and“"s'ubsidencé have influenced the d.evelopment of both ‘dr,ainage

systems and erosional scarps. - In addition, evidence of wide spread dissolution beneath. the

Southern High Plains has been récoghized (McGookey and others, in press; Gustavson and

‘Budnik, in press). To determine whe_ther the continued de"velé‘pm"e’nt of drainage systefns in the

Texas Panhandle and eastern New Mexico co'uid adversely affect future wasfe isolation sites,
the geologic c'naracteristics“'a’nd procesées that affect drainage devefopment must be under-
stood. This report déscribes certain structural and topographic controls of both ancient and
modern drainage develqpment in the Texas Panhandle and in eastern New Mexico. |
Many “drainage elefnents in eastern Néw Mexico, the Texas Panhandle, and western
Oklanoma have beén at_tributed to the adjustment of dréinageb segments to bedrock structure.

Spiegel (1972) attributed the mbrpholbgy of the Canadian River in eastern New Mexico to the

“river's adjuétment to mid-Pleistocene normal faults. Fay (1959) suggested that the present-day

course of the Canadian River in western Oklahoma is caused by the river's adjustment to the '
strike of Permian outcrops exposed across the regional surface slope and to stream piracy.

Brown (1967) offered an alternative explanation, suggesting that the river has adjusted 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 solution-and collapse of the Blaine and Cimarron Anhydrites. Gustavson

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

of Pevwica Salt
and the Texas Panhandle was strongly influenced by disso,lutlonAand subsidence.

The development of the “Pecos River in New Mexico'wnere it parallels the western

Caprock Escar’pment of the Sou mern ngh Plains has been a‘t‘tmbuted to dissolution and collapse
along the strike of Permian evaporites (Morgan, 19415 Tnomas, l972 Kelley, l972 Gustavson

and Finley, 1982a, b). Accordmg to these interpretations, streams flowmg southeasterly across

the Ogallala surface became ponded along the trend of the dissolution-collapse zone. Progres- |

sive headward piracy by the Pecos River followed, culminating in pl"racyu of the headwaters of

the Brazos River. Thomas (1972) and Kessler (1972) suggested that a part of the headwaters of

the Pecos System were then beheaded by the Canadian River. Dolliver (1984) has synthes%éd

mucn of the literature pertamlng to tne development of the: Canadlan Rlver Basin.

| Fenneman (1931) class1fled streams draining the High Plams as "consequent"; tnat 1s, tney
are adjusted only to the surface slope of the ngn Plams. ‘ Reeves (1970) and chn and ergnt
’(l970) related tne recnllnear draws, which are the ma]or _dramag_e _features on the Soutnern

High Plains surface, to a system of inferred northwest-southeast and -northeast-southwest

fractures. They differed, Howei/er, in their interpretations of the origin of the fractures. Finch-

and Wright "proposed a structural flexure or fault along the Running Water and White Water

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

shear pattern" of basement rocks. Rece’ntly, Woodruff and others (1979) related the develop-
ment of draws to ponding in playas and the overtoppmg of playa divides to dlscnarge waters into
the next playa d0wnslope. In tne area that they conSLdered, playa density was so great tnat no
preferred alignment of playas was recognizable.. Finley and Gustavson (1979, 1981) related

regional drainage development and playa alignment to major ‘joint trends and suggested that

joint development reflected major basement structural trends. ”
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The follomng discussion of the regional relationsnip of dissolution of Per*man salt and tne _

fpresent drainage system of eastern New Mexmo and the Texas Panhandle is a synthems of

previous work; in particular Gustavson and others (1981) discussion of dissolution zones and

- collapse features, Gustavson and others (1982) discussion of the relation of dissolution-induced

collapse features to fractures and Gustvason and BudniK's (in press) discussion of the relation of
Tlerza Blanca Creek to dlssolutlonamduced subsxdence and fracture systems. In additi'on,

31gnlflcan1 new data describing the rela'tlon between dralnage developent and | dlssolunon is

/
presented.

'GEOLOGIC SETTING OF THE PALO DURO BASIN
Structural Development

In late Paleozoic ,"lfi‘rhe, but perhaps as early as Late Cambrian, rocks of the Wichita

” -"-igneous ‘province and the Red River mobile terrane were faulted and uplifted to form the

Wichita Mountains - Amarlllo Uphft trend and the Matador Arch- (Blrsa, 1977). These are the

_major posmve tectonic elements boundmg the Palo Duro Basin (fig. 1).

Movement along the Amarillo Uplift, ‘Matador Arch, and Cimarron Uplift controlled
sedimentation and facies distribution auring the Pennsylvanian that apparently continued into

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

‘movement continued throughout the basin as late as Tertiary and possibly as late as Quaternary

time.

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

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

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

suggested that regional dissolution and resulting subsidence have occurred mostly since the Late

' Cretaceous. Collapse owing to salt dlssolutlon is currently actlve along the-western, nortnern,
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gins of the Southern High Plains (Simpkins and others, 1981;-Gustavson and
»).  For example, numerous smkholes, small-dlsplacement faults or open
dlines have formed since 1950 in Hall County in the Texas Panhandle. . Other
:nt collapse resultmg from dissolution of Permian salt have been reported in

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

Sedimentafion

early Paleozoic, periods of erosion alternated with episodes of shallow marine-
in the Texas Panhandle. During Mississippian time, marine-shelf carbonates
icross the area. Major tectonic activity began in the Late Mississippian and

h the Pennsylvanian to form the bounding elements of the Anadarko, Dalhart,

asins. Deposition of terrigenous clastic sediments, informally called granite

lent d’urinrg the Pennsylvanian and Ear»ly Permian. Granite wash wae derive’cj
“Sedimentation
Dennsylvani‘an was dominated by shelf carbonafes, ‘m‘e deeper pa’fts of the basin
ine-grained clastic sediments. Salt, anhsldrite, dolomite, limestone, and red
rmian strata in tne Anadarko, Dalhart and Palo Duro Basms (Preblev, 1979a,
These rock types were probably deposited in a range of subndal to supratidal

Ltnofacies‘ include halite, anhydrite, dolomite, and limestone. Red beds consist

| fine-grained sandstones that intertongue with evaporites and dolomite,

e Dockum - Group consists of fluvial, deltaic, and lacustrine sandstones and

acc:umulated in a large fluvial-lacustrine basin south of the Amarillo Uplift
thers, 1979). Dockum Group strata are overlain unconformably by the Upper
Sandstone in certain areas and by Lower Cretaceous Kiamichi Formation

Sroup), Dakota Group sandstones and cong}ome‘rates, and Kiowa Shale in other

areai._.d{;‘éﬁR @Adp‘i@i%ensive erosion, the Miocene-Pliocene Ogallala Formation was
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probably had ceased 3. 5 x 106 years ago and certamly by 2. 5 x 106 years ago.

-'-.deposited in northwestern Texas; western Oklahoma, and eastern New Mexico. Lower Ogallala

sedimente are primarﬂy fluvial deposits wnich were deposited in a wet, alluvial fan environment
(Seni, 1980). Upper Ogallala sediments are largely eolian. Ogallala surface sediments were
extensively calichiﬁed to form the Caprock cal.'i_,c:he,r

N Tne end of Ogallala deposition has not been preeisely dated, but it is probable that
deposition had ceased by the late Pliocene (approximately 3.5 mya). In nortneastern‘ Union
County, New Mexico, basalt flows cap the Ogallala Formatlon (Baldwm and Muenlberger, 1959).
These rocks, called the late Raton basalt, have been dated from whole rock samples (Stormer,
1972) by potassium-argon isotopes to be 3.5 + 0.2 x 106 years old. Tne Clayton basal‘r, which is
similar in comp’osiﬁbri ‘t‘oA fhe Raton _basalt, occdpies paleostream vallleys incised into tn'eli
Ogallala s:urfar:e and exhibits potassium-argon ages of 2.5 + 0.8 x 106 and 2.2 1 0.3 x 106 years
OJ.CL These dates indicate that Ogallala fluvial sedimentation in the northeasr ‘New- ‘Mexi”c':o area

Scnultz (1977) discussed tne age of the Blanco Formation and Blancan-age local faunas :

- which-unconformably overlie the Ogallala Formanon. He pomts out that Boellstorff (1976)

obtained a fission track date for the Blanco ‘Ash, which overlies the fossﬂ-beanng beds of the
Blanco Formatlon, of 2. 8 + 0.3 mya Lm‘dsey ‘and otners.(1975) determined that the entire
Blanco Formation secu_on exp’o‘s‘ed at Mount Blanco was reversely magnetized. In conjunction
wirn a 1.4 m.y. age of the Guaje Ash, whicn lies 8 m (25 ft) above the Blanco Ash, the lack of a
‘normal magnetic polarity zone beneatn the Guaje Ash indicated to Lmdsey and others that the
secnon at \/lount Blanco is in the lower Matuyama (reversed) magnetlc interval and is 1.4 to
2.4.m.y. old. Lmdsey and others also recognized that the Cita Canyon Local Fauna, which is
‘normauy correlated with the Blanco Local Fauna, occurs in a normally polarlzed zone. They
‘cons1der these strata to be in the Gauss Epoch and to be older than the Blanco fauna.

Regardle_ss_ of the dating inconsistencies, the Blanco Formation unconformably overlies the

- Ogallala Formation and is probably at least 2.4 to 2.8 m.y. old that took considerable time to

form following the end of Ogallala deposition. “This suggests that the age of Ogallala Formatlon
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~in the area of Mount Blanco and Cita Canyon is consistent with tne age of tne Ogallala

Fo rrnation in northeastern New Mexico, or about 3.5 m.y. old.

. Pleistocen‘e cover sands and the Blackwater Draw Forrnation form an eolian mantle on |
most of the Southern High Plains (Barnes, .i974’)‘ Late Tertiary to early Pleistocene fluvial and
lacdstrine d‘eposits occur locally befween the Ogallala Forrnafion and the Pleistocene eolian

se diments.

" Physiograpny of the Texas Panhandle and Central-Eastern New Mexico

. ' ’ o : .
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,

Whlch is also known as the Canadian Breaks. South of the Canadian Breaks, the Great Plains

cr'= kn0wn as the Soutnern ngn Plalns, or the Llano Estacado. The Soutnern H1gn Plains are

truncated to the‘_east and west at tne, Caprock Escarpment, erosional scarps where relief locally

. N ,
eXceeds 500 m (1,500 ft). Drainage is poorly developed on the Southern High Plains; most
discharge is internal into thousands of playa lake basins that cover its surface (Woodruff and

others, 1979). Integrated drainagé 1s.main1y a series of extreméiy elongated, narrow rectilinear

A\ alleys or draws. The Caprock Escarpment is supported by the massive Caprock Caliche that

m arks the top of the Ogallala Formanon and, by well-indurated sandstones that are in the upper
rart of the Triassic Dockum and Permian Whitehorse Groups‘ East of the \,aprock Escarpme’nt,
th2 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,THE; TEXAS PANHANDLE

Evidence of Dissolution

Regional salt dissolution’ and the .subsequent collapse of overlying strata -affected
substantial parts of tne I‘exas and Oklanoma Panhandles (Gustavson and others, 1980a) and
eastern New Mexico. There are seven salt-bearmg units within the Permian System of tne.
Texas Pannhandle and eastern New Mexico. With the probableexception of the lower Clear Fork
Formation, all the younger salt-bearing units are iocally undergoing dissolution.

Several lines of evidence support the conclusion that zones of salt dissolution underlie the
Southern Hign' Plains and adjacent areas (fig. 3): (1) Streams draining the recrion surrounding‘
the Soutnern ngn Plams carry high-solute loads, 1nd1cat1ng tnat dissolution is active. For

‘example, the Prame Dog Town Fork of-the Red River @arries a mean annual solute load of
1,003.5 x . 103 tons of d1$solved sohds, including 425.3 x 103 tons of chloride (U.S. Geological
Survey, 1969-1977) Brine sprlngs, salt sprmgs, and salt pans appear along this and other stream
valleys (fig. 2) |

ngh chloride contents in both the. Canadlan and Pecos Rivers and tnelr tributaries
indicate tnat saJ,t dxssolunon is an active process in eastern New Mexico and along the Canadian
River Valley in Texas (:f1g 2). Downstream from the Ute Reservorr in Quay County, New
Vlexxco, tne solute load of the Canadlan River may exceed 30, OOO ppm chlorlde, and waters
within.the alluvium may contain (U S Geological Survey, 1969-1977; U.S. Bureau of Reclama-

‘tlon, 1979) The Bureau of Reclamation (1979) estlmates that over 55 0 x 103 metric tons of
sodium 'cnlonde are carried annually by the Canad1an River to L‘ake Meredltn, Texas.

Tne chlor‘ide content of the Pecos River between Santa Rosa and Carlsbad, New Mexico,
varies from several tens to several thousands of parts per million. Morgan (1941) estimated

that 266.0 X 103 tons of sodlum cnlorrde are transported annually by the Pecos R1ver at Artesia,
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New Mexico. Brme sprlngs are common, and collapse features nave been observed in many

places along the valley of the Pecos (Morgan, 1941; Reeves, 1972).

(2) As mterpreted from .geopnysm_al 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 coilaps‘e of overlying strata is evident in the wells where
salt is missing (figs. 4, 5, 6, and 7)McGookey and others, in press).

(3) Brecc1ated zones; fractures with shckensmes extension fractures filled with gypsum;

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

cores from the DOE-—Gruy Federal No. | Rex H. Wnite well and _the Stone and Webster
Engmeermg Corp. No. | Holtclaw well in Randall County, the DOE-Gruy Federal \Io I D. N. -
Grabbe well and the Stone and Webster Engineering Corp. No. | Zeeck and No. I in Harmon,
wells in Swisher County, ‘the Stone and Webster Engmeerlng Corp ‘No. 1 Sawyer well in Donley
County, the Stone and Webster Engmeermg Corp. No. 1 G Friemel, No. | J. Frlemel and No. 1
Detten wells in Deaf Smith County, and the Stone and Webster Engineering Corp. No. l,
Manstield well in Oldham 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, Jbrecma—f_dled cmmneys, breccia beds,
and caverns, which are mterpreted to result frovn dlssolutlon of salt and col.lapse of overlying
sediments.

(5) Hydrologic testmg of strata immediately above uppermost salts in the Stone andi
Webster Engmeermg Corp. No. 2 Mansfleld in Oldham County and No. 2 Sawyer well in Donley
County suggests that dlssolutlon‘m these areas is active (fig. 3) (Dutton, in press). -In the No. 2
Mansfield well dlssolunon 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 sodlum chloride have been pumped from both

wells.

7



Dissolution Along the Margins of the Southern Hign Plains

’I'he zones of salt dxssolutlon that ‘exist east of and beneath the caprock Escarpment on

the eastern margln of the Southern High Plains also underhe the Canadlan River Breaks, the

northern edge of the Southern High Plains (Presley, 19793- Gustavson and otners, 1980a), and

the va.lley of the Pecos River to the west, B‘ec‘ause»tms area is peripheral to the Southern High

Plains it‘ls called the peripneral salt dissolution zone. The younger or stratigraphically higher

vsalt umts have undergone more extenswe dlssolunon than have 10wer units, and salt dissolution

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

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

~River Valley the Caprock Escarpment, and‘Palo Durd Canyon are illustrated by stratigraphic

cross sections (figs. 4, 5, 6, and 7). In these cross sections, Glorietna Formation salts and
y‘ounger salts are interpreted to be undergoi-ng‘ dissolution.

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

~(fig. 3). Interpretatlon of stratxgrapmc cross sections based"on.gamma-ray logs indicates that

dissolution of salt—bearing units " has allowed collapse of overlying strata (figs. 4 and 5)

(McGookey‘:‘and others, in press). Local dip. reversals occur, such as those in Quay County,

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

Gustavson and otners (1980a, l981a, by i982a) described .tne‘relationof elements of the

salt dissolution . zone to the ‘physiography of the Southern H1gh Plains and the Rolhng Plains in

the T exas Panhandle (figs. 2 and 3) As in the ‘I'exas Panhandle, elements of the salt dxssoluuon

zone in eastern \Iew ‘Mexico parallel the western escarpment of the ngh Plains. The Pecos

River parallels the salt dissolution zone from Guadalupe County to Chaves County.
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thinning from 50 to 65 m (150 to 200 ft) to no salt.

"core.

Dissolution Beneath the Southern Hign Plains

‘Salado Formation

Extensive ‘pqst—Permian dissolution has apparently occurred beneath the
Plains. Salﬁ wifhin the Salado Formation ori'ginally extended to soutﬁem Oldham
(60 rni) nOrtanest of the presenf subcroph limit of the formation in Swisher Coun
Presley, '1981). Figures 6 and 7 show the sa,l't-brearing units within the Sa
. éxamination of."-cﬁhle net-
Salado Formation (fig. 8) and of the structure-contour vmap 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 northwestern Lubbock County. - The

structural lows over salt thins is indicative of dissolution because analyses of |

show that strata beneath the Salado Formation are not structurally disturbed an

strata have collapsed into the section from which salt was removed.

The tnickness of salt lost to dissolutioh can also be estimated from insol-

The most serious problem with procedure 15 that the cleaner the orl,gm
evidence exists of its former presence. Estimates of salt loss m the Salado
made ‘from cores from three wells- Sfone and Webster Engineering Corp. No.
Detten, and No. 1 Grabbe (S. D. Hovorka wrltten commumcatlon, 1983) Estim.

on a comparison of the textures and mmeralogles ‘of non-salt reSLdues to ti

mineralogies of non-salt materlal in intervals where salt is still present. 1

conservative range for tne amount of salt lost from the Salado Formation we
Zeeck, 2 to 15 m (6 to 45 ft); No. 1 Grabbe, 3 to 18 m (10 to 55 ft); No. 1 Dette
to 107 ft). Tne estimates from the cores from the ’Swish}er County wells (No. 1
1. Zeeck) are low when compared with salt-loss estimates derived from sfratig
I;IOWever, considering the probability that clean salt with llttle‘ or no insoluble r

represented by these estimates, the estimates of thickness of salt lost as a resu
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are valid as minimum thicknesses. Furtnermor‘e"z m (6 ft) of core are missing from the No. |

_Zeeck well, and lO m (31 ft) of core are m1551ng from the Grabbe well; these sections may have
contained additional insoluble resmues.

~Dissolution of Salado Formation salt, and subsidence beneath the Tule lacustrine basin
~ along the Swisher - Briscoe County border can also be inferred from stratigraphic and ‘o’ufé’rop:
structural data (Gustavson, in press). Salt in'the, Salado Formation thins approximately 30 m
(150 £t) beneath the topographic basin that contains the Tule Formation exposures along Tule
Creek (fig, 8). The oVeflying U'p,per Permian Alibates Fdrmétion is structurally low over the
area of thin salt (flg 9). An extensive system of bedding plain and inclined fractures occurs in :
mudstone of the Tnassu: 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
interpreted by Goldstein (1982) and Goldstein and Collins_., 1984 to have resulted from
subsidence following salt dissolution. The vertical juxtaposition of thin salt, the structural low
on the Alibates v}-:‘o‘rmatio'n and extension fractures m the Dockum Group all suggest that
.gi’ssolu:tion and subsidence have occhrred in the vicinity of the Tule basin. A similar conclusion
was reacned by E,varn‘s and Meade (1945) based on. their observations of structurally disturbed
sections of the Dockum Groqp exposed‘ in "The Narrows" of Tule Creek canyon eést of the Tule
basin./ : : ‘ ) A ” o ’ °
| Along the trace of the White Ri.ver in Blanco cahyon in Crosby Co‘unty Salado Formation-
salts thin as much as 30 m (100 £t (fig."S).'":'Th'e structure-contour map on the top of the Alibates
Formation in this a.x"ea hows‘a- broadly defined structural low withiappt;oximately 30 m (100 £ft)
of reliet (fig; 9); The middle-Tertiary erosional surface is also deeply incised in this aréa
(fig. 11). "Fartner to the southwest a similar re,lation—snip‘occurs along the Yellowhouse Draw in
Lubbock, Hockley and Lamb Counties. Here structuralv lows on the struc‘tufe-contoﬁf map of
the Alibates Formation overlie sharply deﬂr;ed areas of thin salt of the Salado Formation
‘ (figs. 8, 9). A paleodrainage system developed on the middle-Tértiary erosional surface

- 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 overlylng Alibates Formation

suggest that dlssolutlon and suos1dence have occurred

The widespread evidence of dissolution suggests that most of the uppermoSt salts of the

Salado Formation have been subject to dissolution.

-

Seven Rivers Formation

Extensive dissolution of tne salts of the Seven Rivers Formation has also apparently

occurred beneath the Southern‘ High Plains. Net-salt thickness of the part of the Seven Rivers

" Formation tnat is not overlain by salt wttmn the Salado Formation is shown in figure 8.

Exammatxon of core from the Stone and Webster Engmeemng Corp. No. 1 Detten and the
No. | G. Friemel, 1nd1catestnat the rema1mng. upper Seven Rivers salt is overlain in each well
by insoluble residues. EConservative est-‘imatef‘s of the thtckness of net salt removed b)t
dissolution from tne upper .Seven Rivers salt range ‘from 24 m (80 ft), _“f‘rom stratigrapnic'
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 .ft)
in the No. | D’etten core based on“'insoluble residues (S. D. Hovorka, personal communication, |

1983) (fig., 3). These esnmates which were also ‘based on insoluble residues are minimum

thicknesses because 2Zm (6 ft) of core are mlssmg from tne No. 1 G. Frlemel well As

. mentioned before, the original tmcknesses of clean salt are difficult to estimate because clean

sa.lt that has been dissolved leaves little evidenc'e of its former presence. . Con&dermg the

problems in estlmatmg original salt tmcknesses from insoluble residues, the larger salt :
thicknesses estimated from . core are not substantially different from thicknesses estimated
from strattgraphie analyses. ‘

The Stone and Webster No. | Detten and No. | G. Ftiem‘el wells occur within the
nortneast-trending zone of thin Seven Rivers salt in eastern Deaf Smith Coonty (fig. 8). This
zone of thin salt has been interpreted to have resulted from accelerated dissolution related to
northeast-trending fractures (Gustavson an‘dBudnik,'in press). The zone of thi‘n, salt is overlain

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, 10, 11). Figure 12 illustrates the relationship

between salt dissolution, subsidi‘sin‘g‘ overlying beds and surface <¢opography. Basement
’s’tru'ct'ﬁre, variations in ‘chiékness of Paleozoic units and fracﬁir'es all trend to be ofiented the
northeast in this area. In this case core, stratigraph;c and structural data suggest that
dissolution and subsidence have occurred preferentiallj along the northeast trend.

Salts of both the ‘Seven Rivers and Salédo Formations are missing from beneath the Palo
Duro Canyon along the Pfairie Dog Town Fork of the Red River in e‘as‘tern Randall and

~ southwestern Armstrong Counties (fig. 8). A regional structural depression is indicated on the

v o ; , _
structure-contour map of the Alibates Formation (fig. 9) for the area underlying the Palo Duro

Canyon. Exposures of Upper Permian strata in the Palo Duro Canyon contain numerous
gypsum-filled fractures (satin spar), minor folds and normal faults, (Collins in press). The
vertical juxtapositioh.of thin or missing salt in the Seven Rivers and Salado Formations, a

“structural trough in the Alibates Formation and outcrop evidence of extension fracturing and

“folding ksuggest that dissolutin and subsidence have been active beneath the Palo Duro Canyon

supports the interpretation that Seven Rivers salts have undergone dissolution across the Palo
Duro Basin whenever these salts are not overlain by Salado Formation salts.
Although all core through the upper parts of the Salado Formation and the Seven Rivers

Forma't.ion‘ beneath the Southern High Plains contain evidence of the former presence of salt, no

/

large-scale collapse breccias were recognized. This suggests a relatively slow dissolution and ..

subsidence process.

Age of Dissolution

~ Dissolution beneath the Rolling"Plains, Canadian River Breaks and the Pecos Plains is
active and is responsible for the high chloride loads in streams draining the area surrounding the
'Souithen High Plains, and for collapse features ;chat hav fOrmed ‘hisotrically (Gustairson and
others, l980a, 1982). Beneath the Souithern High Plains structural depressmns appearing on the

Ahbates structure map tend to occur over areas of thin salt, as shown on the net-salt map of
/
\_
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the Salado and Seven Rivers Formations (figs. 8, 9, and 10). The combinations of structurel
lows arlud“salt thins occur in eastern Dead Smith and western Randall Counties in eentral‘and
southeastern Randall Count[y (Palo Duro Canyon), midway along the border of S‘wisner_and
Bvrislcoe Counties (Tule lacustrine ‘bas.inﬂ), northeastern Crosby County (Blanco Canyon), and
along a line from eentrel Bailey County to northeestern Hockley County. These areas oceul-
beneath paleotopographic lows on the middle Tertiary eroslo'nal surface that marks the base of
the Ogellala‘.l?ormation. Eacn of these areas of thin salt and structural depresaon on tne,
Alibates Formation Is also overlain by Pllocene-Plelstocene lacustrine basins. Elements of late
Pliocene Blancan :fa,unas appear in lacustrlne basins t_ha't contain outcrops of} the Blanco

Formation in Deaf Smith County in southeastern Randall County (Cita Canyon beds), and in

" northeastern Crosby County (Blanco beds) (Schultz, 1977). Because these basins contain late

‘Pliocene sediments, basin formation must have been initiated earlier. On tne basis of the

presence of caliche boulders ln.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 other lacustrine basins containing Blarcan faunas in the. ‘l'exas Panhandle
formed after the development of the Caprock Caliche. Schultz (1977) has reviewed radiometric
age dates obtained from volcanic ashes associated with the Blancan Local Fauna at Mount
Blanco. Using data from Boellstorff (1976) and Izette and others (1972) Schultz indicates that
the Blanco Formation is at least l 4 + 0.2 m. y. old and is probably greater than 2.8+ 0. 3 m.y.
old.‘ Thus, the basins that contain Blancan-ag,e sediments began to form at least 2.8 million
years ago and are late Pliocene in age.

. Lake basins at Canyon, TX in Randall: County and midway along the Swisher and Brlscoe
county llne (Tule Formation) have alse formed over areas of thin eelt, structul‘al lows or;, the

Alibates Formatlon, and paleotopographic lows on the middle Tertlary erosmnal surface (flcs., 8,

" 10, and 11). Both of these basins contain Pleistocene lacustrlne sedlments (Schultz, in press; G.

E. Scnultz, personal eemmunlcation, 1982; Frye and Leonard, 1967; Hawley and others, 1976;

Evans and Meade, 1945). The relationship between thin salt, structural lows on the Alibates
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Formation and lacustrine basins with Pliocene and Pleistocene sediments suggests that these

basins probably began to form in the Pliocene and early Pleistocene. Deformation of.
Pleistocene Tule Formation sediemtns suggest that dissolution induced subsidence was locally
active di‘rring the Pleistocene.

A series of lake basins exists along a northeasterly trend from Hockley to Lamb to Bailey
Counties. These lake basins are also uﬁderlain by areas of thin salt and complex structural lows
on the Alibates FormatiAon., Complimentary structures on the base of the middle Tertiary
erosional surfaces are not obvious. - All rhese basins contain lacustrine sediments, termed the
Tahoka Formation by Evans and Meade (1945), which were probebly deposited during the la,‘te
Wiscons‘,inanm (Reeves;' 1976). Thué, these lake baeins- formed in pre-Wisconsinﬁh time. However,
resolution of the rel»ati,oinsnip of these basins 'te' salt dissolution will require additional data and
analysis. o | |

Formatio_n“ of these large lake b'aeins in the Texas Panhandle has been attributed to s‘e:;eral
processes, including subsidence, deflation, and blockage of previously existing valleys. Baker
(1915) suggested that the larger, partly filled basins formed as a result of subSLdence over areas

of dl.ssolunon of Perm1an evaporltes.' Evans and Meade (1945) recogmzed the presence of

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

ngh Plains and thought that deflation was a far thore important process in formmg these basms

.tnan were dissolution and subsidence. They did, however, recognize subsidence induced by

7 dissolution along the narrows of Tule Canyon lh Briscoe County. Reeves (1966, 1969) suggested |

that large plﬁvia.l lakes formed along drafnage channels crossing Cretaceous highs. Later
Reeves (1970) suggested that 'the;e large lakes were the result of accelerated erosion at
intersections of lineaments related to tne Earth's regmatic shear pattern.

Field and subsurface evidence suggest that both Subéidence, as a result of dissolution, arld

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

““Pannandle. As a result of locally accelerated dissolution, subsidence of overlymg strata

occurred and locahzed depressions that would later become Iake basins. Depressions accumu- -
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~lated water and sediment, which killed vegetation in the center of the depression. During dry

times, sediment in the central part of the depressions, not being bound by vegetation,' was
subject to wind deflation. Although dissolution and subsiderice were important in determining

the location of large lake basins would be located, deflation accounted for the removal of large

volumes of sediment from the basins; sneetwash, rillwash, and gullying supplied sediment from

the sides of the basin to the basin floor.

g

Salt dissolution and collapse probably have been active north of the Canadian River Valley

in the Oklahoma and Texas Panhandles since tﬁe Late Cretaceous (Gustavson and others,
ﬁ | 1980a). Schultz (1977) attributed sinkholes confainiﬁg Miocene Ogallala sediments in Donley
: County to collapse as a result of evaborit‘e dissp[ution. 'Bachfnan (1974) SUggésted- that

_dissolution nas.occdrred i’nter_mittentl'y siﬁce the Triaséic in the Delaware Basin and in
southwestern New Mexiccf. Pre-Ogallala‘ dissolufion ar;d the presenc‘e of} a north—sou‘tﬁ pre-
el Ogallala paleovalley near the modern Pecos River in Néw Mexico ‘havé been suggested (Bretz
ahd Horberg, 1949; Reeves, 1972; Kelley, 1972). TAh‘ls evidence, coupled with current évidénce
for salt dissolution, makes -it reasonable to infer t‘nat. salt dissolutibn has been active, at
variable rates, in the Pefmian salt basin since Triassic time and possibly since deposition of the

— salts.

. MIDDLE TERTIARY EROSIONAL SURFACE

" Permian, Triassic, Jurassi.c, and Cretaceous strata underlie the middle Tertiary erosional
surface beneath the Hi.gn‘ Plains. Figure 11, a structure-contour mab of the base of the High
J Plains aquifer, approximates this surface because in most areas the base of the High Plains
—_ aquifer is the base of the Ogallala Formation.
—! The presence of a systemn of major valleys developed on the middle Tertiary erosional
I surface is indicated by aligned groups ofV-shaped contour lines, which point upslope (fig. 11). -

* Paleostream segments appear to have flowed to the southeast over most of the paleosurface. In
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‘northern Hale and Lavmb Counties, a major paleodrainage segment flowed west to eest. Reeves
(1972) suggested that this valley is middle Pleistocene in age and was incised throuéh Ogallala
sed1ments. Clear evidence of the paleodrainage pattern is not recognizable north of central

Parmer County and southern Castro and Swisher Counties.

Middle Tertiary Erosional Surface (Collapsed Area)

The character of the middle Tertiary erosional surface is markedly different northWeSt of

a line that extends from central Parmer County northeast to central Randall County (fig. 11).

A series of closed basins occurs on-this surface along a trend from Parmer to Randall County.

These features are thought to have resulted from dissolution of Seven Rivers salt (Gustavson

and Budnik, in press). A major paleoscarp, marking the northesat limit of the Dockum Group,

trends extends from northeastern Armstrong County westward to northeastern Oldham County,

approximately 96 km (60 mi). This pémleoscarp. is partly structural—-;tne slope of the erosional

surface is deflected from the reglonal southeast slope to a northeast slope within the dlssolunon -

zone of salts of the San Andres Formanon (flgs. 3, 11). The change in slope Probably results

from the dissolution of Perrnian salts and the collapse of overlying strata. A north-south cross

section througn L\rmstrong, Carson and Potter Counties shows that the tmckness of salt that

‘has been removed increases northward beneath the paleoescarpment comc1denta1 w1th the -

progresswe.ly greater collapse of the erosmnal_sur_face-(ﬁg. 7).

eras‘t' and northeast of the paleoscarp that formed on Permian rocks, the middle Tertiary
erosional surfcace cuts Permian strata and is cﬁaracterized by numerous large closed basins
“that are thought to nhave resulted from salt dissolution 'and'cpllapef (\C}ustavson and others,
1980a). Severl of these basins ekceed 75 m (250 f,t)‘in' depth. Because of the extensive collapse,

no trace of the middle Tertriary paleodrainage system exists in the area where Perrnian rocks

: s;jbcxfop beneath tne 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.

COPIED FOR QA FILES
19




Seni (1980) noted that Ogallala sediments as thick as 160 m (500 ft) completely cover all

but a few small Cretaceous outliefs in the Southern High Plains. In most of the map area,

deposi'tional trends shown by sand-percent values suggest south or southeasterly drainage

(fig. 13). Local sand trends are more southerly in eastern Oldham and central Hutchinson

E : Counties. Nonetheless, thick net-sand areas appear to be oriented to the southeast and to be
substantially - parallel to paleodrainage on the pre-Ogallala erosional surface where paleo-

drainage is preserved. Both pre-Ogallala and Ogallala drainage flowed generally in the same

N directions.

‘Southern High Plains ‘(Late Tertiary) Paleotopography

| f The topography of the High Plains as it existed at the ehd of Ogallala time in western
| Oklahoma, the Texas Pannandle, and eastern New Mexico can be reconstructed with reasohable
] . cert‘ainty. The reconstruction, which is necessary to understand the develo'p;mentof post-
Ogallala,drainage, requires a series of assumptions. 1t is assumed that the Southern High Plains
»surface, which reflects the pre—Ogallala depositional surface, has not been significahtly, tilted
since deposition. 'Long axes of pebbles in Ogallala gravels near the eastern Caprock Escarpment
-~ . are2to4cm (0. 75 to 1.5 mches) (S J Seni, personal commumcanon, 1982) Slopes of stream

- channe.ls on both the Sou!hern rhgh Plains surface and the pre-Ocallala surface range from

approx1mate1y 2-4 m/km Gole and Chitale (1966), Boothroyd and Asnley (1975), Nummedal and
j Boothroyd (1976), and Gustavson (1978) observed that slopes of 1-4 m/km are requxred to
1 transport 2- to 4-cm-long pebbles. Therefore, slope values of Recent and paleostream channels
M | 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 also assumed that 4
neither post-Ogallala erosion or deposmon has sxgmflcantly altered the regional topography and

that projection of'eohtours 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.
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Regional topography (fig. 2) indicates that the present-day High Plains surface nortn of

~ the Canadian River is as much as 60 to 75 m (200 to 250 ft)_ lower than that of the Southern

High Plains south of the river. Gustavson and others (1980a) suggested that this is the result of

- post-Ogallala subsidence caused by region‘al salt dissolution.

From these assumptions and by removing the dissolution-induced subsidence north of the

Canadian River, a generalized map of post-Ogéllala ‘tepography ‘was developed. The

<

topographic reconstruction (fig. 13) shows that the Ogallala surface sloped directly east in the

northern part of the Texas Panhandle and in the Oklahoma Pannhandle. Further south, slope

. (<]
direction became progressively more southeasterly. This topographic configuration is consis-

tent with a.lluvxal fan morphology and with Seni's (1980) conclusmns about sediment transpor‘t

- across the anc1ent Ogallala fan surface (fig. 13)

COMPARISON OF HOLOCENE SOUTHERN HIGH PLAINS

DRAINAGE TO TERTIARY PALEODRAINAGE

‘The Southern High Plains are drained‘by a series of narrow, elongate draws or valleys that

* slope mostly to the _soutneast'.‘ A substantial part of the surface of the Southern High.Plains has

not developed an integrated drainage system, so adjacent draws do not share common drainage
divides. Major through-flowing draws may be separated by as much as 50 km (30 mi) of plains
without integrated drainage.

The pre—Ogallala drainage system can be compared to the present day drainage system

. (f1g 11). There are several significant similarities oetween the two drainage systems, which

are separated by approximately 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-Ogallala and the present day erosmnal

surface are in part parallel, both the Recent and the pre-Ogallala drainage systems cross these

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

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

y L-hgn Plains, both sets of dramages are aligned southeasterly,

Parallelism, or stacking of drain‘ageeleme‘nts? is common in the geologic record; Fisher
and McGowen (1967) recognized a similar pnenomenon in their study of.tne- Wilcox Forma’ciOnof ‘
the Texas Gulf Coast, and Brown (1975) noted similar relations in fluvial-deltaic systems in the
Permian Basin of North-Central Texas, The swmhcant observa‘tlon here is that assoc1ated pau‘s
of present—day streams and" paleosireams flowed at similar angles across their respective
r‘eglonal slopes and, thus; are not consequent streams in the strict sense. The parallelism and
the tendency ‘toward superposﬂ:mn of tnese streams suggest that the controls or influences on
the development of pre-Ogallala drainage also controlled or mﬂuenced 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 tne west, the Canadian Rlver on the north the trlbutanes of the Red and Brazosv

Rivers that dram_ 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 Canadian Rivers, flow across regional basement structural trends

7

and at high angles to the regional southeasterly topographic slope. Tributaries of the Red and

Brazos Rlvers,’on the other hand, contain man_y:.paf-allel segments and are 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 Z\/lekicoc Both streams initially flow
southeast. In central-eastern New Mexico, both streams turn ab;uptly from the southeasterly
flow direction that prevailed at the end of Ogallala deposition (ﬁg; 12). The Pecos River turns
south@ard approxirﬁately 700 to parallel the western Caprock Escarpment, or'tne Mescalerob
EScarpment of the Southern High Plaine ’(fig 2). The Canadian Rwer turns abruptly 90© -
eastward to flow east-northeastward and to separate the Southern and Northern High Plalns
(fig. 2). ‘.

Casual obseryation of valleys of the Canadian River in the Texas Pannaodle and of the
Pecos River in eastern New Mexico indicates that the preeent Canadian and Pecos Rivers are
small streams flo;viﬁg 1n‘ very large valleys‘. In ‘I'exas the Canadian River Valley isu

approximately 48 km (30 mi) wide, and the floor of the va.lley lies from 185 to 305 m (600 to

.
1, OOO ft) below the Southern High Plains surface. In eastern New Mex1co, tne Pecos River lies -

from 305 to 370 m (I, 000 to 1,200 £t) below the western margin of the Southern ngn Plams.,
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 easily defined. These two valleys are all the
more. 1mpresswe when one realizes that both were constructeo since the end. of deposxnon of
the Ogaugla Formatlon, ‘between approxxmately 3.0x 106 and 2.5 x 106 years ago.
Any discussion of the origin of the Canadian and Pecos Rlver Valleys must account not
only for the development of the streams across regional slopes and structures but also for the
I

processes or conditions under which these streams formed. In relatively arid climates and with

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

' geologically short period of time. -

Durmg late Pliocene to early Pleistocene time, the upper part of the Pecos Rlver system
dramed southeast across the Southern High Plam: 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 paleovalleye 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 descfibing the
geomorphic evolution of the Pecos River system was reviewed by Thomas (1972), Reeves (1972),
and Hawley and others (1976). \

A vsubtle topographic notcn 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 wide band of sand dunes parallels this supposed valley on its north
side. Farther north, .the Por’tales Valley is also paralleled on its north side by a w1de band of ..
sand dunes. |

Usmg Sems (1980) lnterpretatlon of the placement of Ogallala distributary channels and
fan lobes and recent topography, an approximation of topography 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 Ogallala time flowed to the southeast and east.

The Pecos and .-Canadlan Rlvers, the major drainage elements in the region, now flow
nearly normal to both recent flow and paleoflow directions en the Sout.hern High Plalns s.Urfaceﬂ
(fig. 14). To understand the evolution of drainage in this region, the mecnanism that caused

I3

these dl‘versionsf'as well as the timing of the diversions must be clearly understood.
Diversions of Regional Paleodrainage

‘The eastward diversion of the Canadian River and the southward diversion of the Pecos
River te thelf present dralnages most llkely resulted from dissoldtl_on of Permian salts; a
| proc:ess supported by dlverse but compellmg evidence.

| A luc1d descrlpnon of the formation of the Pecos River Valley is given by Kelley (1972).
Parts of Kelley's hypothe515 explalmng‘ the fermatlon of the Pecos Valley are elaborated on or
modified in the -followlng 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

‘across eastern New Mexico and the Texas Panhandle. Regional aggradation formed‘_tne‘ alluvial
fans that are now known as the Ogallala Formatlon |

Lake basins containing Pliocene and Plelstocene faunas and floras lle near Mount Blanco
in Crosby County, at Cita Canyon in Randall County, along Tlerra Blanca Creek in Deaf Smith

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

’ Blanca Creek in southern Hartley County and along T’ule Creek in Swisher and Briscoe Countles.,

All these basins overhe zones where accelerated dlssolutlon has apparently occurred,

The former lake basms, exposed along Tierra Blanca Creek Tule Creek Cita Canyon and

from salt dissolution that developed after Ogallala deposition (COmpare, figs. 8 and 9). If this

(‘.

~

- Mexico provided increased sediment loads to streams draining eastward and southeastward

- Rita Blanca Creek are thought to be tne remnants of a system of subsidence basins resultmg :

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 alteranons in tne !

reglonal dramage of the ngh Plains. Other subsidence basins that may nhave develOped have

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

~ River incised and widened their 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 po'st-Ogallala time

over the north-south trending d"issoluﬁ_on. Their form was probably similar to the large,

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

of large topographic basins that have been prev1ously attributed to dissolution and subsidence
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~east of the Pecos River but south of this study area. All these basins are shallow and elongate

roughly parallel to the trend of the western dissolution zone.

‘Dissolution 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 permeability. As ponding expanded along
stream courses, drainage probably would have continued to the southeast, for a short time ,a’f.
least. ‘Onc_e subsidence ponqing was established, two pfocesses would have resulted in drainage
diversion to the south. Because of either further collapse or flooding; waters could have
overtopped dividea b{et}.Ween basins. Overtopping within a series of basins‘ali‘gned north-south on
a surface that slopes to the seutneast WOUld have resulted in di‘version to the south. Eventually,
divides were ehmmated between  subsidence basins eitner by . overmppmg and incision of a
channel, by further subsidence, or by a combmanon of these two processes. The process
described here is a di\version of what. was probably many soutneaet._e_rly flowing streams‘,

inclu”ding'st‘reams 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 eliminates the

progresswe headwara capture Dy plracy of a succession of southeasterly ﬂowmg streams,

‘pernaps endmg with the paleo-Brazos-Portales system. The advantage of this model is that it ls';

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

undoub'tedly active during early Pecos development.
Canadian River Valley

The path of the Canadian River from soutneastern San Miguel County, NeQ Mexieo, is
nearly normal to the regional slope of‘the Southern High Plains. The valley is also nonnal to
several seutneastefly trending paleodistributaries within the Ogallala Formation (compare
fig. 12 -and fig. 14). The Canadian River, flowing east-northeasterly across the Texas

Panhandle, is the only major stream within the Texas Panhandle since pre-Ogallala time that
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did not flow eastward or southeastward. The Canadian River Valléy, where it linpinges on the
salt dissolution zone in eastern New Mexico, turns abruptly eastward and then northeastward to

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

‘Glorieta Formations (fig. 14).

-

When Ogallala dep}osition ceased dUring Pliocene time near the present-day Canadiah
River Valley, a br/oad low-relief alluvial plain stretched from eastern New Mexico across the
Texas and Ok.lanoma Pannandles (fig. 15A). Dlssolunon and sub51dence, which were probably
active durmg Ogallala deposmon, continued along the trend of the current dissolution zone. As
Esubmdence occurred, a series of broad basins formed above the dissolution zone. The late .
Pliocene Rita Blanca laké Beds may be a remnant of these basins (fig. '155), 5ubéidence bési‘ns‘ '
along the -tr"end of the Canadian River Valley Qould have diverted or ponded sout.heasterly
flowing streams. Assuming that the depressions @or'r_ned parallel to the northeast trend of the
_northern margin of dissolution,‘wa‘té_r trabped in the dep‘reésions could have drained only to the
nor‘tn.east. As for the Pecos River, once the subsidence ponding had gcturre‘d', two processes
would have resulted in drainage diversion to the northeast. Because of either flooding or
additional subsidence, waters would have overtopped dividés between adjacent basins. Over-
topping be}:ween basins that aligned east-northeast on a ‘surface that slopes-fo the east-
southeast would have resultec‘l‘r in flow to the easf-southeast. E;/entue;lly di-vides between basins

were eliminated either by over’topping and incision or by further subsidence (flg. 15C). Tne"

process described here is one of diversion of preex1st1ng streams rather than one of headward

- erosion and piracy.

Regional subsidence accounts both for the posmon of the Canadian River Valley and for
the disparity of elevation of the High Plains surfaces on either side of the Canadian Rlver

Valley. The northwest side is approximately 75 m (250 £t) lower than the southeast side (fig. 2).
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 Prairie Dog Town Fork of the Red River

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

sodtheastern Randall County, a distance of approximately 65 km (40 mi), parallels the nortn-
v , v N !

eastern limit of salts of the Salado and Seven Rivers Formations (fig. 8). Where the river has

incised 1nto the Soutnern High Plains its valley is called the Palo Duro Canyon. Cross secnon
A Al sn0ws that between the Burdell wel.l 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 cenyon are similar to the features

. ° -
described by Goldstein and Collins (1984) as examples of brittle deformation of strata overlying

zo es of salt dissolution and resultng from subvsidence due to salt removal. Veins are mostly

filled with fibrous gypsum (satin epar)

The deptn of the canyon as well as the location of the canyon is thougnt to‘ be at least
partiy due to subsidence along the northeastern margfin of salt beds w1tmn the Seven Rivers
and Salado Formations. In addition, the rocks undergoing subsidence were extenswe.ly fractured

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

" and the pnysical.breakup of strata in this area prebably contributed to the develdpment -of the

~ canyon.

The development of subsidence basins in this area as a result of dxssolunon durmg 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, Brazds, and

Canadian Rivers, drain small parts of the Southern High Plains. The many small streams that
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ariée below the Caprock Escarpment composé a substantial 'part 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,  Gustavson and others (1981b) have suggested scarp

~ retreat rates in the order of 11 to 18 cy/yr (4.3-7 infyr). As a stream'system evolves, the :

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.

q

Following 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 to adjus‘tme_ht to prevaiﬁng sets of fractures. These authors differ wvidely in their
_'Speeulations on tﬁe"origins- of fracttjre patterrrs,/ or-inferred fracture patterns. Reeves (1971a)
observed that linear s%érﬁents of tne \}all‘eys of the Salt'Fork and the Double Mountain Fork of

the Brazos River had preferred orientations of north-soutn northeast—southwest and north-

~

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

'responded to the "Earth's regmatlc fracture pattern." The U S Army Corps of Engmeers (1975),
usmg SLAR (s.t,de-lookmg airborne radar) imagery, recogmzed that linear valley segments occur
along the Middle and ‘Nortn Pease Rivers and the Prairie Dog T0wn Fork of the Red R;ver.
They prov1ded no data on the preferred orlentanons. of the strear}n, segments or of ‘frac‘tures
within the area, but they attributed the linearity of stream segments to the influence of a
system of fractures. - The Corps suggested that fracturing is a near-surface phenomenon and
that it results from the dissolution of salt, gypsum, and poasibly dolomite and the collapse of
_overlying strata. Finley and Gustavson (1979, 1981)>ana1yzed, lineaments recognized from
Landsat imagery of _tn"e'Rolling Plains of th"e Texas Panhandle. The lineaments include linear

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

the orientations of llnea‘ments and major joint trends. They also noted tnat the major joint.

trends were similar to subsurface structural trends and suggested that linear physiographic '
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ieatures were probably structurally controlled. Gustavson and otners (1982b) observed the
development of elements of karst topography caused by salt dissolution and associated collapse.

These sub51dence basins, or dolines developed w1tn preferred orlenta‘tlons of their long axes.

 The long axes tend to parallel the prefez red orientations of linear stream elements, and both

tend toparallel preferr’ed orientations of jolnt' systems in the region. Gustavson and others
(1982bl did not speculate on the origin of the joints.

“This review of the available literatur.e l_ndicates that there is agreement that the é"cfeams :
draining the'Rolllng Plains of the Texas Panhandle. cont;aln ‘lineal‘ segments and that these
streams are at least in oart structﬁrally controlled. rAltnough investigators aleo agree that

aligned stream segments appear to be related to fracture systems, they do not agree on the

origin of the fracture systems.

Subsidence Basins, Sinkholes, and Fractures ,

Two surface features genetically related to‘regional fracture trends that result from salt
dlssolution*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 allgned dralnaae segments in ‘the Rollmg Plains of the Texas Panhandle.

To understand better the relatlon between the processes of dissolution and sub51dence or .
collapse and the karst topograpny that is developlng in the Rollmg Plams, a large study area "
encompassmg all of Hall County, Texas, was selected for examination (Gustavson and otners,

1982b). In addition to numerous smkholes, over 200 internally drained, closed depressions

‘(dolines) were recog/nized (fig. 16). These are broad, shallow, typically oblong depress_ions that

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

depressmns show preferential alignments northwesterly, northerly, and nortneasterly (flg 17).

Two new collapse depressxons, as well as at least 36 new sinkholes, 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

2 relief and areas underlain by Quaternary fluvial and eolian deposits

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

re recognized primarily in dissected areas.

'\Jepr'éssions depicted in figure 16 clearly illustrate pre;t'errved orienta-

and NE.-SW. (ﬁgr.‘ 17). -Theée orientations corre'spo'ﬁdrciosely to the
within Triassic and Permian Systems exposéd‘ to the west along the
lling‘Plains and aiong.»t.ne Caprock Escarpment (Finley:and'Gustavson,
ad F"e‘:ur'miari'bedrock, in Caprock Canyons State Park, a few kiloméférs
1 by the Hall County Stﬁdy Collins (1983) described fhe relationsni[s. :
nal depressions.. He concluded that dissolution and collapse developed .
. paths. It is thought that tﬁe depréssiohs Q‘.l' dolines observed on~
underlain by-éynCIines similar to those observed by Colllins.b Further- -
.1ber'gef, Iné., E‘racturé Identif_ication Log 'from the D_OE—Gmyv Federal
. 20) indicates that the preferred'drienrtat_ion for fracéures in the well
i concentration of fractures appears between 10° and 30°. These two

ce similar to the orientations of closed depressions on tne 'R'olling‘

\e surface are difficult to observe over a large region because fhey are
processes or infilled by landowhérs 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

1 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 adjacent fields 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 adjaeent series of :cldsed depressions that are aligned N.40CE.

To determine tne region outside of Hall County wnere karst features were being formed,

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

the U.S. Department of Agriculture, Soil Conservation Service, to the Agricultural Stabilization
and Conservation Service, and to Svtate ni‘ghway maintenance supervisors. This was done in each
county in tne- Texas Panhandle end in the two eastern tiers of counties in New Mexico. ‘Soil
scientists from nearly\/every ‘county within the _P,ecos Plaine, Canadian River Breaks, and Rolling
Plains reperfed' that sinknoles had formed in their county (fig. 19). Highwa‘y‘ ‘maintenence |
superyisors from nine of the same counties reported that sinknoles or fraetufes had formed in
tne'nighway right-of-ways in their areas of jurisdiction (Simpkins and others, 198711). Neifner
si/nkhéles nor fractures were repoi‘ted' for counties in Texas ane New Mexico tn_at lie ent.irel);
within the Southern High Plains. o . J o - ‘ ®

The absence of‘sinknol,es and fractures :indicates ;cha:c” recent catastropnic subsidenee or
collapse ..a.s‘reﬂected by the formation of sinkholes and"open_surface fractures is festricted to
lands overlying areas of relatively r’apid salt dissolution. Gustavson and others (1981&)

previously tnought that the lack of development of smknoles and fractures on the Southern ngn

I

k Plams indicated that salt dlssoluuon was not active there. I—Iowever, after addmonal core

-

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

Southern Hign 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
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 pnotgrapns (fig. 16). Linear stream segments appear
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primarily in dissected areas. Undissected areas or sli_ghtly dissected are:as have few linear
stream segments but contain most of the.closed depressions.,

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 (ﬁ.g. 16). vThe‘

orientations of open fractures within the county are also similar to preferred orientations of

v

linear stream segments.

Many segments of major streams and tributaries are oriented in a way that is similar to
the trenos of dissolution surfaces beneath the Rolling Plains.‘ The approximate limits of
Permian bedded salts tna_t are undergoing disso.lution_ beneath tne Rolling Plains na've 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, ifa

remnant of the lower San Andres salt 1s present 1n one well but absent in a well 8 km (5 mi) to
the east, the actual salt limit could occur anywhere within that 8 km (5—ml) distance. Salt limit
J.mes on the map have been placed apprommately midway between the last salt-bearmg well
penetrating a salt unit and the first non—salt—bearmg well to the east. Even »\;1th this potential
source of error, a strong relation still exists between the trends of diSsolution and the position
and orientation of segments of ma]or streams and tr1butar1,es on the Rolhng Plams. Approx1=‘
mately 40 percent of tne 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 rela':tio,n between fracture systems, open surface fractures, closed depressions, ‘linear“,
stream segments, and trends of salt dissolution surfaces has been 111ustrated by ‘showing that

they all have broadly 51m11ar onentatlons. This suggests that a causal relation exists among

tectonically induced deep fracture systems, the processes of salt dissolution and collapse, and

the orientation and- posssﬂ)ly the locatxon 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

“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 exist

‘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
suggeéts that dissolution is accelerated along fracture traces. Field observations impl’y that -
fractures exposed along the Caprock Escarpment are not randomly dis tributed but exist in

groups with similar prelerred orientations (Collms, 1983). 1f the fractures ‘beneath the Rolhng

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

dlssolutlon 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

b

‘the Rolhng Plains. Each successwely higher salt-bearmg unit has undergone progresswely more

'~ dissolution than the next underlying salt unit. ‘l'he salt dl.ssolutlon fronts beneath the Rolling

Plains are subparallel toeach other and to the margin of the I—hgh Plains. This pattern suggests
that dlssolutlon of different salt-bearing units occurs at 51m11ar rates across the eastern part of

the dissolution zone. Although this may be true on a long-term (geologlc) ba51$, it is certamly

‘ot true at, present. Mean annual dissolution rates for salts that are within the 12 dramage

. basins covermg the Rolling Plains vary by as much as 4 orders of magmtude (vertical, 0.062 x

1073 to 94.14 x 10-3 cm/yr; horizontal, 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 time from drainage basin,

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

the dissolution trends (fig. 3) however, suggests that the mternally variable rates of dissolution
may average out over geologically 31gmf1cant lengths of time, so that reglonal dissolution of

different salt units occurs at similar long-term rates.
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Regional dissolution 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 occlir. ‘As dissolution and collapse occur, subsidence

depressions parallel to dissolution trendsbdevelop at the surface. These depressions also tend to
be aligned with the regional fracture trends because of accelerated dissolution along fracture

'trends., During collapse, tension fractures open at the surface that are also parallel 10 regional

fracture trends or to the trend of the dissolution zéne (Goldstein, 1982). Closed subsidence

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

influences the orientation and,loca’tién of aligned stream segments.

Southern High Plains Drainage

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

surface drains internally into thousands of small lake basins; this constitutes the first type of

~ drainage pattern. Little interconnecting drainage exists between these lake basins, known by

various names including, sinall lake basins, pléyas, and buffalo wallows except following periods
of very heavy rainfall. The possible origins and ages of these enigmatic 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. " Although lake basins on the Southern‘High Plains surface receive much of the runoff

l

of the area, they will not be discussed further in this report because they onI’*y rarely contribute

runoff to the regional drainage system.

The second type of drainage on the Southern High Plains is one composed of a series of

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

Yellow House Draw, Blackwater Draw, Running Water Draw, Tule Creek, Quitaque Creek, and

Tierra Blanca Creek. Of these, all except the eastern half of Tierra Blanca Creek drain to the
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southeast. Tierra Blanca Creek and Frio Draw, a major tributary, drain to the 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 \/lex1co, where

botn streams flow to the southeast (fig. 2). In the western part of the Texas Pannandle, both
\

streams flow first eastward then northeastward. These streams probably would not have

developed where they are as a ’s'_ir'nple c’onsequence of adjus'tment to regional southeast slope,

Furtner'nore these streams cross the trends of Ogallala dlstrlbutarles at mgn angles

\ (f.lg 13). The posmon of tms stream system is apparently not related to either regional slope

nor is itinnerited from Ogallala deposition. Flgures 8,9, and 10 illustrate a zone of thin salt in
the Seven Rivers Formation overlain by structural lows on the Alibates Formation beneatn the
valleys of these streams. The strtlcture-contour map on thé base of the Ogallala Formation
(ngn Plains aquifer) (Knowles and others, 1982) sn0ws a serles of closed structural depressmns, ,
which tend to overhe depressions on the Alibates surface, and a nortneast grain to the o

paleotopography (fig. ll) Tne deepest depressmns lie along the axis of thin salt. The valley of

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

_ depresswns on the mlddle—‘l‘ernary erosmnal surface. Tms broad topograpmc low overlles 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 througn 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

36
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along Tierra Blanca C‘reek‘ (éee Gustavs.on 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 counnes can be
determined relatively. The northeast-rrendmg topographic low defor’ns the rhgn Plains
surface, a late Pliocene feature. The trough incorporates ancient lacustrine basins at two
locations: Kansan lacustrine sediments crop out in Canyon, ’I"ex‘as (F‘.rye and Leonard, 1963), and
Phocene lacustrme sediments crop out in Hereford Texas (’\Jorton, 1954). 1f the basms that
hold the lacustrine sediments resulted from subsidence along the topograpmc low then these
data suggest that sub51dence began as early as late Phocene.

The timing of the formation of these lacusfrine basios is probIematical because in each
g:ase ‘the contained lake sediments provide only a minimum age. However, it seems that if the
basins were much older than the contamed lake sediments, evidence of older strangrapmc units ‘
would have been found, but tms is not tne case.\( Therefore, the range of ages of lake sedLments,

from Pliocene to Plelstocene, suggests that the range in timing of dissolution for parts of tne',

Sout‘hern High Plains is also Pliocene to Pleistocene.

| Yellow House, Blackwater, and White River/Running Water Draws

Insufficient information is available to fully characterize tne development of ‘Yellow
House, Blackwater, and Running Water Draws. -Certain mformanon, nowever, is available on
.the origin of these streams. Runmng 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 lmeament (chh and ergnt, 1970). On the basis of the recognition of this
lineament and of a subtle topoarapmc flexure along tne track of the lmeament Finch and
ergnt mterpreted the presence of a fault to account for the t0pograpmc anomaly The

structure map on the top of tne Alibates Formation (fig. 9) shows no evidence of a NW.-SE.-

trending fault.
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~ Farther south are Blackwater and Yellow House Draws. Like the Running Water Draw -
W'nite River drainage el_ement, these streams_ gcéupy'broad shallow \)alleys, -In these cases,
parts of both of these broad shallow valley_s have been interpreted as being remﬁants of a pé.rtly
filled Portales paleovalley (Reeves, 1972; Price, 1944; Fiedler and Nye, 1933; Baker, 1915.)_
Interpretations of the path of the Portales Valle-y‘ écross-- the Southern High Plains have -beeri
made on the basis of analyses of topogfapnic data (Baker, 1915; Theis; 1932; Price, 1944) and
according to a contour'm"ap of the pre-Ogallala é:o'slonal surface (Cronin, 1961; Reew)e'é, 1.972),
Neither approé.ch provides unreq'uivo_cal evidence of th-g actual path of the Portales River acréss :
the Southern‘ Hign Plainss.‘» ‘fhus, altnougoh .fhe point'of entry of the Portales Valley onto the .
Southern High Plains in eastern New Mexico is widely re‘éognized, it is not clear whether the
Portales leaves the High Plains through Blanco Canyon irn the Ereéent 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 White River in n‘orrtner‘-_n‘ Crosby and southern Floyd Counties and Yellow House Draw
in Lubbock and Hockley Couinties Ag/yerlie' areas of thin Salado sa,llt, structural lows on the

Alibates Formation and paleotopographic lows on the middle-Tertiary erosional surface (figs. 8, '

9, 10, 110. Blanco Formation lacustrine déposits occur above the area of thin salt in the White

River area. Suggestingj that dissolution and subsidence may have influenced the devélopment of

these streams locally.
- EVOLUTION OF REGIONAL PHYSIOGRAPHY

Late Tertiary

Regional drainage in late Tertiary time, after the final stages of Ogallala\" fluvial
deposition, was eastward across the northérn Texas Panhandle and Oklahoma Panhandle
(fig. 15A). Over the rest of the Texas Panhandle, drainage was oriented progressively more to

the southeast. Drainage consisted of distributary _’éhannels on lobes of the Ogallala bahada.
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Interlobe areas were topographically low and may have been collection troughs for the

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

Rivers, and Prairie Dog Town Fork of the Red, lie along the trends of projections of interlobes

in the eastern Texas Panhandle (fig. 13).

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

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 strongly

1

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

and eastern margi,n's of the Palo Duro Basin. These are the upturned edges of the basin where - =

o

Permian strata are closest to the 'surface (fig. 1). Active dissolution in the form of mstorlcal/

collapse events and hlgh cnolonde loads in local spmngs cnaractenze these areas. . In the
interior of the basin where Perrman 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 subsurface or in catastrophic
collapse features such as sinknole at the surface. |

Locally dissolution has been 1nfluenced by both basement faulting and by fracture systems
associated with basement faultlng Accelerated dlssolutlon of the salts of the Seven Rives

§

Formatlon beneath Tierra Blanca Creek in eastern Deaf "Smltn County appears to be related to

a nor‘tneast trending set of fractures (figs. 8, 19) (Gustavson and Budnik, in press) In'the

“‘Rolhng Plains collapse ieatures consisting of small syncllnes and dolines are elongated parallel

to regional joint trends (flgs_. 16, 17). suggesting that dissolution has been accelerated along
reglonal joint trends (Gustavson and-others, 1982; Colll;ns, 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‘rne soutwest side

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

_ fracture systems mapped by Colliins (1984). From these data it appears that dissolution is
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: ~strongly influenced by tne regional structure of the basin and locally by fracture systems within

the basin. )

Because of a reduced source area, Ogallala fans during the late Tertiéry were no longer
being actively ‘construcied, ‘The Pecos—Portéles;Brazos, Simanola-~Colorado, and proto-
Canadiah Rivers, and pro,bably several. other soutneastéflowing streams, began to incise their
vall-eys., Salt dissolqtion,‘ which was ac’;ive during Ogallala deposition, probably continued

through the late Tertiary.

Following Ogallala fluvial deposition a long ‘period of eolian deposition occurred

~punctuated by periods of soil development.' Ogallala deposition culminated with the formation

of the Caprock caliche.

Late Pliocene to early Pleistocene

Salt dissolution and subsidence in wide zones along the east, north, and west sides of the
\ . = .

Southern High Plains suggest that lacustrine basins containing Blancan-age sediments resulted
from subsidence caused’by salt dissolution. If this is true, then the Rita Blanca lacustrine: -

sediments, lying at the northern margin of the Canadian River Valley; the Cita Canyon

lacustrine sediments, lying adjacent to the western rim of the Palo Duro Canyon, may provide

minimum dates for the onset of subsidence and related processes that marked the initral phases

of development of the Canadian River Prairie Dog Town Fork of fne Red River Tierra Blanco
Creek and the White River.

Subsidence basins on the Ogallala surfacé alc;ng the present trend of the Caﬁadian River
as far west as the Ute Resérvéir in bNew Mexico and the Prairié Dog Town Fork of the Red
River near the Palo Duro Canyon develo-peci from regional dissblution along the n‘ortn\érn flanks
of both‘valleys (fig. 15B). Subsidence along the Canadian River Valley intercepted easterly and
southeasterly flowing streams, including the headWéters of the present-day Canadian Rivef near

the Ute Reservoir. No unequivocal evidence of the proto-Canadian southeast of the Ute

Reservoir is recognized in New Mexico, but it may have been a tributary of the Pecos-Portales-
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‘Brazos system. By the‘end of this,time period, the Canadian had incised its valleS/s to a depth
of 125m (400 ft), relative to the south flank of the valley, as the result of erosion and
subsidence. A Canadian River terrace east of Lake Mereditﬁ lies about 125 m (400 £t) below
the Higﬁ\ Plains surface and contains Pearlette type "O" (Lava Creek B) dash (G. Izette, written
jcdm,municatidn‘), 1979. |

Subsidence basins  formeda along the trend of the Pecos River Valley an‘d‘ began to divert
southeasterly flowing streams to the south. T’he,nort‘he’r»n'mbst stream to be diverted was' the
Peco_s~P6rtales—Brazos sjrstem. Tlming of'the divérsidn of the Pecos-‘\Por‘»téles-;Brazos‘ system is
not clearly understood, but some speculations have been offered Hawley and others (1976,
p 245) thougnt that any "mterpretatlon of Quaternary mstory in much of the Lower Pecos
Valley...is complicated by the long history of subsidence resulting from the dissolutioq of
evap}orites." Clearly, this is also true for the upper Pecos from Roswell to Fort Sumqer; Néw
Mexico; because this area has also undergone e>‘<tensi\'/e‘ subsidence - frrokm dissolution of
evaporites. Consequently, an qrt‘\derstanding‘oAf‘ the ti}ning éf. Pécbs River divérsion that is based
on relatihg features like the Po]rtal‘éS'Valley,to Quaterqary surfaces will always be subject fo :
~question. . | ”

R-eeyes (1972) reviewed the llt_era.,fcriire descfib_ing the Poi;teiles Valley and concluded that
since the oldest terrace found both above and below the point of»dl;/ersi‘on is the Diamond-A
Mes’éaléro, kclriversion must have happenéd duriné_ K_ansan time. Remnants of the Mescz-ilero Pléin
appear as the flanks of the Portales Valley west of Tolar, New Mexmo (Reeves, 1972). The
Mescalero Plain is develoPed across a vanety of hthologles and formatlons, the youngest of
which is the Gatuna Formation. The Gatuna Formation consists of a variety of “fluvial
sediments laid down along the Pecos Valley (Robinson and Lang, 1938, Bachman, 1980).
Bacnm_ah (1986) reported that the upper part of the Gatuna Formation on the east side of Nash
Draw contains Pearlette type "O" (La\}a ‘Creek B) ash and is therefore about 610,000 years old.
The Mescalero(éurface is capped by the Mescalero c'aliche',‘which raﬁgés in age from 510,000

years in the lower part to 410,000 years old in the upper part (Bachman, 1980). Therefore, the
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age of tne Ivlescalero surface is bracketed between tne 610,000—year-old ashfall and the
510,000-year-old caliche.

According to projections of the floor of the Portales Valley (figgz), the elevation of the

Pecos-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 elevation of the Mescalero Diamond-A Plain »'v‘hen it‘ is prbj‘écted‘into the
Fort Sumner area. The projections plus the oécurrence of younger Pleistocene terraces only
downstream‘of Fort:Sumner suggést that the time of capture must have followed"developme’nt
of the Méscalero Plain. Hawley and others (1976) suggested that -‘the_ 2 to 4m (6 to 12 £t) of

gravel in the floor ‘o‘f the Portales Valley '(Theis, 1932) may be equivalent to the Gatuna

- Formation.” Although none of this evidence is unequivocal, it collectively suggests that

diveréibn occurred during the late Pleistocene and perhaps as early as late Kansan time. By this
tiime, the floors of the Pecos and Pecos-Portales draihagés had been incised by erosion and
sblt.lb.s,idence approxirﬁately 210 m (700 £t) below the projected level of the High Plains near Fort
Sumnér. Since the time of incision of the Diar_nbnd-A« Mescélerq Pllain, abgug600,000 year ago,
the Pecos r{és incised its valley approximately 65 m (260 ft). |
Diversion of more southerly streams probably predated ‘diversion of -tne‘ Pecos-Portales
sysfem; for example, the threshold‘ to the Simanola Valley lies 254 m (800 ft) 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‘%fééene.
Late Pleistocene

Major drainagé elements were established by the léte Pleistocene::‘ ‘the Pecos River, in
eastern Néw Mexico, and the Cari/adian River, a'croshs the Texas Pannandle (fig. 15C). On the
west and north, the Caprock Escarpment is well ésfablis‘hed, and local relief-along major
segments of the streams is approximately 200 m. Drainage to the éast during Kansan time near
the Texas-Oklahoma border is poorly underéédbd. Durihg Kansan time, the Seymour Gravel was
L " 42
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deposited along the margin of what was then the High Plains Escarpment. An ash associated
with the gravels has been established as equivalent to the Pearlette type "O" (Lava Creek B) ash
(G. Izette, personal communication, 1981; Simpkins and Baumgardner, 1982). Additional

scattered remnants of nign gravel 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 (1963) suggested that these

terrace remnants were Kansan in age. If the ash in northeastern Hall County is equivalent to

“the Pearlette type "O" ash associated with the Seymour gravels, then the Kansan age of the

‘ high-level terraces is co‘nfirmeda Meinzer and Slaughter (1971) thougnt that the Seymour

Gravels represented a series of alluvial fans that developed ad]acent to the eastern ngh Plains
Escarpment- nowever, Seymour Gravels. are present in only a small part of the eastern Texas
Panhandle area and are of insufficient quantities to characterize stream development during

the late Pleistocene.
Late Pleistocene to Holocene

A series of nearly continuous alluvial surfaces, here informally called the Quitaque plain,

are capped by eolian sands and silts and extend from near the base of the eastern Caprock

{

Escarpment eastward to Childress and Cottle Counties (Baumngardner and Cavan, in press;

Cavan and Baumgardner, in press a, b). These surfaces, extending from Briscoe County on the

north to Kent County on the south, grade eastward with diminishing slopes. They séem to be a

related-series of pediment and alluvia_l surfaces that are locally interrupted by inselbergs of
Permian or Triassic rocks. The Quitaque plain is being rapidly and extensively eroded. Farther
east, remnants of the Quitaque plain 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 sedirnents that imrnediately onde‘rlle the Quitaque
p.lain contain fossil molluscan faunas, archeological material and a series of paleosols. Soils of

the Miles, Springer, Olton Serles, and related associations are extensively developed on these
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the surfaces all suggest ‘that the surfaces were previously much more extensive. Much of the

Rolhng Plams east of the Southern High Plains was probably covered with an alluvial veneer

~ during late Pleistocene and Holocene time.

[Z \

~Geomorphic evidence based on analysis of remnants of these surfaces provides insight into
the evolution of drainage systems in the Rolling Plains during the late Wisconsinan and

Holocene. During Wisconsinan time, a series of extensive alluvial surfaces was constructed

h eastward from the easterny escarpment of the Southern High Plains. These alluvial surfaces

were graded to the precursors of major present-day streams, such as the Prairie Dog Town Fork
of the Red River, Qu1taque Creek Middle Pease River, Pease- Rlver Tongue Rwer and the Salt

Fork of the Brazos River, which have not changed their positions since the Wlsconsman. These

‘streams have incised »vertiACally, ‘perhaps locally adjusting to ‘structures in the underlying

bedrock. The Quitaque surface in Hall County appears to have undergone extensive local

subsidence because of evaporitfe dissolutio,n., Subsidence basins on the Quitaque surface are
omented in a way that is similar to regional joint’ orlentatlons and to preferred stream segment'

orientations in Hall County Streams appear to have ad]usted to the subSLdence troughs that

"!for‘med on the alluvial surface, or-they may have adjusted to the structures in the underlying

bedrock that are the result of the regional joint pattern or of dissolution-induced subsidence.

CONCLUSIONS

Subsidence induced by the dissolution of Permiah bedded salts and the collapse of
overlying strata is a procesv:s fundamental to the development of the pr}yaiograpny of the Texas
Pannhandle ano eastern New Mexico. Linking salt Qi$solution and subsidence to the formation of
the three large valleYs that define the western, northern, and northeastern perimeter.of the
Southern High Plains provic\‘:les a pationale for aoswerihg several perplexing quesﬁons: Why are
the valleys of the Pecos River, Canadian River, and Prairie Dog Town Foh}k 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 nofmal to the regional slope? How were such large valleys exéavatéd 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, subsidence basins along a dissolution zone could divert the flow of the Pecos

River to the south and the flow of the Canadian River to ’Cf/’le northeast. Several hundred‘ féet Vofv
E o osalt nave been removed from beneath the Pecos and Canadian River Valleys, and significant
‘ parts of _thé coiumn of rock removed from these valléys are accoﬁnte_d for by subsidehce of the
— valley floor. As much as 60 m (200 f1) of salt has beén‘ removed fx;om beneat»hv pé.rts of the Pal§
- ~Duro Canyon of the Prairie Dog Town Fork of the R'éd Rivér, the canyon being 300 m (1,000 ft)
deep at that péint. ,Sgbsi.,denc‘é‘, therefore, could account for as much asr 20 perceﬁt of the -
cahyon's depth. Ffacturi»ngr_and'mindr faultiﬁg, attendant with subsidence, has méchénically
»broken the rocks exposed ‘allor;g “the canyo;w and valley vwallsA and‘,. thﬁs; made them more
accessible to erosion. Coliectivély; the proéeSseS‘ of dissolution, sdbsidénce, and mecrnanicall,v
disruption of overlying sediments have had a major role in determining the placement and rates
of incision of the'major streams draiming tr‘xe.pex"i‘phery of the Southern nghll?lains.

'D'rai.'na_ge in the Rolling Plains has‘been partly shaped by vtopography inheri’cegi from the

e _‘ : O‘gal.lala alluvial fan system that spread across the Texas and Oklahoma Panhandles and eastern

= New' Mexico. In the eastern Texas Panhandle, the Prairie Dog Town Fork of the Red River’
‘Braz‘os, and the Canadian, and Colérado Rivers all lie either in the eastward éxtéhsions of
interfan areas or in ﬁpbgraphic lows on the Ogallala surface. Th'e orientation and location of
_— segments of tributaries of these streams are strongly influenced by r(egional“ tectonic jointing
] and dissolution. Forty"pércent of fne lengthr of major tribu‘taries‘ lies parallel to or ’witynin ‘201
degreés of the orientation of nearby salt dissolution fronts. The preferred orienfations of
. étraight segments of minor tributaries are NW.-SE., N.-S., NEI.-SW., and these co‘rrespond to the
préferréd orientations of both the regional fracture >system and the elongate subsidence basins.

— ‘In turn this suggests that dissolution was accelerated along regional fractures and that
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subsidence basins, developing in response to accelerated dissolution, controlied or influénce‘d
the pos‘ition‘and-sha'pe of stream valleys.

With two exceptiéns; drainage on the Southern High Plains surface developed prix;narily a,é
a result of relict Ogallala fan’ topographﬁy‘ and regional southeasterly slope.  The ancient
Portales Ri\)er could have flowed in either, or perhaps in both, the valleys of Yellow Hoﬁse
Draw and Running Water Draw - White River lineament.. Yellow House Draw lies in an interfan
area, and R‘unning Water Draw - White River lineament seems to occupy a valley that may have
originated as a dlstrlbutary on the Ogallala fan surface. Locally, however, both of these
streams may have been mfluenced by dissolution and subsidence.

. Frio Draw is a major tributary of Tierra Blanca Creek; these two stream segments are the
only streams on the Southern High Plains‘ surface that drain northeast, normal to the regional
slope. Frio Draw and Tierra Blanca Creekr connect three topograpnié basin_s,. including basins at
Canyon, and Hereford, T.eXas, where iac_ustrine sediments .nave been pt"’eser‘ved. Both the

topographic basins and Frio Draw and Tierra Blanca Creek seem to be related to accelerated

e b

dissolution of salt in the Seven Rivers Formation. A brééd,‘ éhallow dissolution trough lies
beneath the valléy of Frio Draw aﬁd ;fierra Blanca Creek and parallels both regional preferred
fractures and baserﬁent faults. Dissolution and subéidénce in conj unc‘»tion. with flluvial and eolian
erosion can be used to *explain both the formation of the topogrépnic basins and’ fhe
northeé.éterly drainage of these two stream segments,‘ | |
; : L

Dissolution affevétiﬂng_ the Pecos and Canadian Rivers and Prairie Dog Town Fork of the
Red River occurred after deposition of the late Pliogene Ogalléla Formation. Lacustrine basins
© within the dissdl_ution zones that ring the Sbufhérh High Plains probably resulted from
sub51dence. Lacustrme sediments preserved in basms assocxated with the Canadian River Valley
Tierra Blanca Creek and with the Palo Duro Canyon of the Prairie Dog Town Fork of the Red
River contain Blancan—age fossu, 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
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River was completely established by the early Pieistocene, the Pecos waé not fully developed
until the middle Pleistocene, whén the headwaters of the Portales River were diverted to the
Pecos River. | \

Drainage elements of the Rolling Plains probably developed almost entirely during the
late Pleistocene and Holocene. Seymour Gravel 'containing Pearlette type "O" (Lava Creek B)
volcanic ash occurs w‘ith‘similar gravels containing similar, but undated ashes along the eastern
part of the Texas Panhancﬂe. "These gravéls are topographic highs' and -‘a're‘ rerﬁnants of middle
Pleistocene‘ térraces. A séri‘eS'of alluvial surfaces extends eastward from near the _Eastgrh.
Capr’ock Escarpment. These surfaces are lower than the ash-bearing gravels and are graded to
the valleys of the .Px‘airie Dog Town Fork of the Red River, Quitaque Créek, and North Pease
River, although the present-day stréams ﬁave incised their valleys well below the fan surfaces.
Theé fans have developed the same soils, are at sirnilar elevétiohs, and are graded to a‘oouj: the
samé elevation in the easférn 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 Wxsconsman to Holocene in age, ‘I'he margins of all the fans are:

|
/

bemg acnvely eroded, and the streams to which the fans were graded are acuvely incising mto'
the fans. Dramage developmg on the fan surfaces consists of 1nternally drained subSLdence

basins ‘and streams that have many segments ahgned parallel to sub51dence basin almnments.,

Because most of the minor dramage segments on the Rolling Plains are elther developing on

Holocene alluv1a1 fan surfaces or erodmg into the margms of these fans, the minor drainage -
segments of most Rolhng Plains 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 quesnonable. Those parts of the Yellow House Draw and Runmng Water-

-White Rlver lineament having topograpmcally controlled locatlons 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 f055115 nave been observedat r-Iereford and Canyon, Texas. Therefore, the present-
day dramage of Tlerra Blanca Creek and Frio Draw is a late Pliocene - Pleistocene feature. -
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Figure Captions

Figure 1. Major structural elements, Texas‘-Pan‘nandle and surrounriing areas (after Nicholson,'
’1960), Limits of Permian bedded salts are closely associated with the structural margins of the
Palo Duro Baéinc Structurally high salt units are most likely to be affected by dissolution.

Figure 2. Physiography o:f eastern New Mexico and the Texas and Oklahoma Pannandles.,
Dashed lines :tie topographic contours across the Canadian Breaks. If the strike of c.ont,our' lines
on the Southern High Plains is projected‘ across the Canadian River Valley it is apparent that
the northern side of; the valley is apprommately 80 m (250 f‘t) Lower in elevation than tne south

rim of the valley.

Figure 3. Zones of salt dissolution in eastern New Mexico and the Texas and Oklanoma
Pannandles., Lines indicate tne present extent of sal‘t in the study reglon., In stratxgrapmcv
succession upward from the Glorxeta to the Salado Formatlon increasing amounts of salt are-

preserved towards the soutnwest corner of the Texas Panhandle. Some San Andres Formation

sa..lts are preserved in northwestern Da.l_.lam County and some Glorieta and San Andres

‘Formatlon salts are preserved in the v1c1mty of Hutcmnson \,ountv A ma_rglnal, dissolution

zone ‘is approxxmately located by salt limit lines of the Seven Rivers, San Andres, and VGlorietra.
Forrnations., An interior dissolution zone is approximated by the area»underlain by the Southern
High Plains. Wells with core tnrougn strata from whicn salt has been dlssolved are indicated by
Numbered tnangles-

( l. | DOE - Gruy Federal No. l‘ R-ex White
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3. Stone and Wepster Engmeerng Corporation No. 1 Sawyer
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7. Stone and Webster Engineering Corporation No. | Zeeck

ES



8. Stone and Webster Ehgineering Corporation No. 1 J. Friemel
9. ‘Stohe and Webster Engineerihg Corporation No. 1 Harman
10. Stone and Webster Engineehing Corporation No. 1 Holtzclaw
Line A-A' 1is figure 73 1ine B-B' 1is figure 6; Tine C-C' is figure 4; and 1ine‘
D-D' is figure 5 | 7 _
Figuhe\4. Strat1graph1c section 111ustrat1ng salt dlsso1ut10n and collapse of strata .

beneath the Pecos R1ver See f1gure 3 for 10cat1on of cross sect1on c-C'.

“»F1gure 5. Strat1graph1c section 111ustrat1ng salt: d1sso1ut1on and collapse of strata

beneath-fhe Canadlan R1ver See figure 3 for the ]ocat1on of cross. section D-D'.

Figure 6. Strat1graph1c section 1]1ustrat1ng d1sso]ut1on of Sa]ado Formation sa]ts
beneath Tule Creek. Tule Formation lacustrine beds, not shown on the cross section crop
out along the valley sides of Tule Creek See figure 3 For the 1ocat1on of . sect1on B-B'.
Figure 7. Stratigraphic sect1on 11]ustrat1ng sa]t d1sso]ut1on and collapse of over1y1ng
strata beneath the Palo Duro Canyon (Pra1r1e Dog Town Fork of the Red R1ver) See.f]gure
3 for 1ocetion of section A-A'. |

Figure 8. Net-salt map of parts-of the Salado and Seven ijers Formations. Net salt
thickness of the Seven Rivers Formation is shown only where Seven Rivers salts are not
overlain by salts of”fhe Saledo Formation. . Adapted in part from Gustavson and others,
1981. ’ |

Figure 9. Structure-contour map on the toplbfﬁthe_AJjbates'Formation. Note that struct-
. ( ¢ " - -

‘ures are comp]ex‘and well-defined in areas of sufficient data, but with sparse data show

1ittle in the way of structures.

Figure'lo. Structdreecontour map on the Alibates Formation»based on reflection seismic
ve]oc1ty data. See figure 11 for 1ocatfonv Fighre from Gustavson and Budnik (in preqs).
Figure 11. Structure-contour map on the base of the Ogallala Format1on (derived from“
Knowles and others, 1982). Paleo streams are interpreted from contour Vs pointing Qp—vv
slope. Modern drainage is superimposed ﬁo show the relationship between modern-drainage
and structure and between modern and paleodrainage. Inset ih Deaf Smith County gives

1
the Tocation figure 10.
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Figure 12. Stratxgraph!c 'section showing dissolution of Seven Rivers Formatlon salts and

collapse of overlylng strata beneath Tierra Blanca Creek (Datum is base of the Seven Rwers'

Formation. Note that units underlymg the Seven Rlvers 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 Panhandles

at the end of late Pliocene time. Solid contours reflect present topography. Dashed contours B

are estimates based on removal of the effects of dissolution induced subsidence in the northern
part of the Texas Panhandle and the Oklahoma Pannhandle, and on projections of the H;gh Plains
surfac‘e to the east. ‘Ogallalé sand thicks and interpreted flow directions are also shown '(a.:f'ter
Seni, 1980). Note that modern streams head into interfan areas. Post-Ogallala drainage was
probably to the east and soutneast on this surface.

Figure 14, Regloﬂnal drama-ge of eastern New Mexico and of the Texas and Oklahoma

Panhandles. . Notice that the Pecos River turns south to flow along the western margin of the--

salt dissolution zone; the Canadian River turns east along the eastern margin of the dJ.SSOlU't.lQn

zone. Both tne Pecos and Canadian Rlvers ﬂow at very high angles to the regional

soutneasterly slope and to streams 'such as Running' Water and Ye110w House Draw tnat are

essentially ﬂowmg parallel to regmnal slope.

Figure 15. Stages in the evolunon of tne dramage of eastern New Mex1co ‘and the Texas and

_

Oklahoma Pannhandles 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 pnotography flown in

1979.
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Figure 17. Diagrams indicate orientations of long axes of dolines and linear stream segments in

Fall County. For each 100 sector, linear data are plotted as a percentage of total number of

- closed depressions and as a percentage of total length of linear stream segments.

Figure 18. Fracture orientations iErom nine surface locations in the Te?castanna,ndle and
eastern New Mexico and from Schlumberger Inc. F“'r"ac'"ture Identification Logs from eight test ,
wells in the Texas Panﬁaqgle. |

Figure 19. Texas and New Mexico counties from which sinkholes and fractures have been

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

Canadlan River Breaks and the Rolling Plams‘, Sinks and open fractures have not been reported

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

Pannandle.,

Flgure 20. Comparison of stream. segments to trends of the eastern limits of Permian salts.
Approximately 40 percent of the total length of major stre@mms 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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See separate file for Figure 1
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Figure 6. Stratigrapnic cross section illustrating dissolution of Salado Formation salts beneatn
, .
I ~ Tule Creek. Tule Formanon lacustnne beds, not shown on the cross section crop out along the

valley sides of Tule Creek ‘See figure 3 for the location of secnon B—B' From GC 82-7.
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Figure 16. . Location of sinkholes, dolines (closed depressioné')

Do-

Tlines are drawn to scale, sinkholes which are much smaller are
not drawn to scale. Dolines and sinkholes were recognized- from
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See separate file for Figure 19



EXPLANATION

©® 09 Limit of Salado -‘Fm. sdll
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Figure 20. Comparison of stream segments to trends of the eastern 1limits of Permian
'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 orientation of one
or more of these salt limits. : :
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