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Introduction

The Permian Basin is not a structural basin., Instead, it is i
portions'of nany structural basins in which halite was.deposited.close
together 2erially during_the Pormian Period of tinme,

The Permian Basin contains at least five arsas where salt beds
within a formation curvlatively total greater than 205 feet, and are
overlain by between 1,000 ﬁndHS,OOO feet of stirata (Figure 1), These
are the Colorado-Kansas, Kansaé, Oklahoma-Texas, Clovis and Carlsbaé
areas,

A few other arsas within the Permian Basin may contain salt beds
collectivelv grsater than 200 fest thick, but published information
about much'of the remainder of the Pe:miah Bésin is séarce.

The Carlsbad area contains a.great thickneés of salt and covers
a very lerge area (Fipure /)., For the Clovis and Oklahoma-Texas éreas
. the:e is little déta~available for the Texgs.portions. The Kahsas |
area has the only halite mines with rpoms_coﬁparable'to those of the
proposed waste reposifbry facility. There is little data available

for the Colorado-Kansas area, especially for the Colorado portion,
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The Fermisn Basin major tectonic elements were formed
before deposition of Permian salt beds, and oniy minor
igneous activity and possible fault movemént is along the
peripheria. The greatest seismic activity is associated
with the Nemaha Ridge along the northeast side of the
Permian Easiﬂ; and there is no proven novement, only a
suggestion of movement in the form of lineaménts (Smith -
et al., in preés), to have caused man recorded earthquakes.
All of the Permiaﬁ'Basin is in zone 1 of Cdffmﬁh and Cloud
(1970) Qhere only distant earthquakes may cause damage to
strictures; therefore, ground rupture is not antiéipatcd
in the Permian Basin during the time that the radioactive

waste is dangerous.
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Carlsbad Area

I. FPhysiographic Setting

hecording to Fenneman and Johnsoﬁ (1930) the Carlsbaa arsa 1s
vithin the Interior Plains major division, Great Plains province, and
rainly the HighPlains section but includes small areas of the Pecos
Valley section and the Edwards Plateau section. The main characteristic
of tﬁe land surface is broad intervalley=remnants of smooth fluviatile
plains, but the Pecos Valley in the southwestern portion of the Clovis
area is a 1ate mature to old plain ahd_the'Edwards Plateau in-the,
southe#stern corner of the area is a young platezu with mature margin
ef mzderats to strong rolief. Perennial streams are rere, and there

are a fow intermountain basins and playas., Glaclers will not likely

extend this far south for the next quarter million yearéa



II. Tectonics and Saismicity

Since Precarmbrian time the area has gone up and down several ,
times with epeirogenic movements as evidenced By marine and continental
sediments interbedded and unconformities. Also the ground level of-the
area is 3,000+ feet above sea level, Locally there has been differential ‘
movemont beifween two basins, the Midland Basin and Delaware Basin, and
an intervening area called the Central Basin Platform (Figure 2) pro-
ducing major northwest striking faults between basins aﬁd intervening
area (Biyley and Mushlberger, 1968), .From the cross- section one can
interpretAthat subsidence of the‘basins took place during most of
Paleoroic time. Yore fh;n 20,000 feet of -sediments accumulated in
'the DelewarelBasin6 Yuch of the Permian sediments came from the -
Ouachitas to the south which were actively being overthrust at this time.
Permian rocks are gently tilted and warped, Eardley (1951,p,229»230)
" has noticed minor linear tectonié fggtu;es~éqph as flexures in the
:75Guada1upe Mountainsivest of the Delaﬁa?e bgsin, and some linear features
are fa;.\lt,sc Most of the features he belieVes were.formad during the
Permian, but some moved again in the‘Cenozoic. 'It has been suggested:
.that the Céntral Basin Plétform is comparable to block-faulted
mountain ranges, but vertical movement of the Basins unrelated to major

tensional forces seems more plausable duelto lack oflétructurai features

of tensional origin in surrounding arecis.



Figure 2 Cr0°<—,ootion of Delaware and Midland Ba81ns
and Central Basin Platform

Eardley, p.229



IIY, Stratigsaphy

Comnieta Column

The Carlsbad Arsa sediments were deposited in two basins and
two differentlmajor stratigraphic sections aevelopcd, one in the
Dglawars Basin axnd %tha other in the Midland Basin, Figure 2 shows
the interrelation betwsen these basins witﬁ carbonate reefs, such as
the Capitan Reef having developad in shallow water around the
peripharia of the basins. The generalized Etratigraphic column
for the Gnome site (Figure 3 ) serves as a good example of Delaware’
Basin stratigraphy; | |

Dsposiiion w;s:thickest in the'central:part of the Deléware
Basin, but sone formations are thickest on the margins as exemplified_
by Pcnﬁsylvanian strata 2nd some evaporite beds;‘ Ma jor lateral
changes iﬁ sedimeﬁtary rock of the basin occur at the reefs, Shelf_
rocks cless to the reefs consist of dolomite with suboréinate amounts
of limestons, shalg, sandstone and a little anhydrits., Further éway
from the reefs onto the shelf arez dolomite tends-to give way to
anhydrite, Deposits of the basin are typicaily ;hale,.fine;grained .

sandstene, and darke=colored limestone,



Fipgure 3 Gencralized Stratigraphic Column at Gnome Site
and Desctiption of Lateral Variations

Brokaw et al., 1972, p. 18



Salt Boarinz Fomsations

Thereo ara fwo formations that contain many thick salt beds
" in the Delaware basin, Salado and Castile. The Midland basin
contains only tﬁe Salado. The Rustler Formation oveflics the
Salado in both basins, but the Rustler contains only a few thin
beds of salt, quas with more than 1,000 feet of overlying strata
and greater than 200 feet of combined;thickness o? salt beds in
the whole stratigraphic section are.shown on the map of Figure / .
Several isopachus maps of salt beariné formations are availabls
(Brokaw, et al., 1972 and Jones et al., 1973). Salt bed variability
~in thickness acrossvthe Basins is .shown in Figure 4 . “from this cross
section ~ one ©an see that beds in general are thicker and moré
numerous toward the center of the basins., Thickest salt beds occur
in the Salade Formation. | » | |
The Salado Formation contains thick béd; of salt and thin
“dntervals of anh&d;ite, shale,.aﬁd'polyhalgie. Lécally the middle
pért of the formation is rich in'pofash ﬁihefals. Salt of ﬁhe
.Salado Formation is zenerallynlesﬁ pure’ fhan that in the Castile
Formations. Exceptions are fhe vafy pure basal beds of the Salado
Formation in thé Dolaware Basin. " The thickest salt unit in the
Carlsbad area of more than 1,700 feet is on thé east and north
side of the Delaware Basin within the Salado Farmation.i In the
‘ecenter portion of thé Midland basin there is a sait unit in the

Salado Formation more than 1,000 feet thick. Overlying the Salado
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gure li Cross-section of Salt Beds in Delaware and
Midland Easins ' ’

Pierce and Rich, p. 34



Formation is the Rustler Formation which contains much anhydrite,

ind the underlying rock typé is in most places, anhydrite. Anhydriti
ébove and balow tho Salado Formation likely aets as barriers to

water which might dissolve the sa2lt, The Dewey Lake ﬁnd beds about
5C0 feet ahova the salt beds of the Salado Formation probably

contain permeable water bearing zoﬁes. The Santa Rosa Sandstorie

gbout 1,000 feet abnve salt beds of the Salado Formation is definitely

permeable and water bearing,

The Castile Formation

The Castile Formation is resf?icted to the Delaware basin..
Thers are several beds of relatively pure rock salt up to 700 feot
thick, 'A maximum apgprepgate thickness is about 1,000 feet. Salt beds
ére separated by anhydrite beds up to SOO'feet thicks Salt comprises
né more than 60 per cant of the formation’thiqkness. ‘Fine grained
sandstone of the Bell Canyon Formation imm;diately undeflies the
Castile Form;tion iﬁ most arosas. Thé saﬁdstpné is likely permeabls
and water bsaring: yet, overlying and undeflying salt beds there;gre
beds §f anﬁydrite which act as barfiers to water which mighi‘dissolve
salt,

Overlying permeable water bsaring strata #re the San@a Rosa
.Sandstone about 3,000 faeet ebove thick salt béds in the Castile
Formation, and the Dewey Lake Red beads possibly carries water about

2,500 fret ahovo,



IV, Structure

Hajor structurs is very gently dippiné*;trata inward toward
the coentral areas of two basln*: the Midlangd Barln with ?‘W“XIPIJ
of about 10,000 feet of strata and the Dolawvare Basin with a maximum
of about 20,000 feet of strata. The basins are ssparated by an
extremely gentle arch, thé Central Basin Platforn.

The Central Bésin Plat{orn hés two main fault zonés on either
side of the elongate Flatform which trends north-south. The faults
are steep with the down side tdward basins, Near theAsouih end of the
Platform thers are several inﬁersecting faults vhich strike northwest.,
. Thére are fauits which almost encircle both the Mialand and
Delawars Bisins (Cohes, 1962)§Many faults are along the west side of
the Dzlavars Easzn (¥ing, 1948 and iHayes, 1964), and Xelley (1971) has
 interpreted a prominent lineament as one of these fault traces; there-
fore, this fault may be of Holocezne age, Ke has also m?pp&d sllrht
warps in strata of the backslop°'oA the Sacramento Lountalns, and
these structurgs may extend into the salt heds (Bachman, et.al., 1973,
P.23). | | i |

At least thres alkald syenite.dikes'cﬁt the Castile Formation
south of Carlsbad. Thsy ars 1,000 to 4,000 feet long, strike about

N60°E, and dip is about 80°N (Bachman and Johnson, 1973, p. 23 & 24).
And on the south side of the Delaware Basin there is a large field

of Tertiary volecanic rocks, the Davis lountain Volcanic Area (Cohee, -

1962),



Lanie il LA I L LS

1

In the Midiand Basin a fuw miles southWestAof.hidland ju the
Odessa Disturbanen covering about 10 acras.' In‘an area of almost
horirzontal strata thers are dips up to 30° near the Oéessa crater,'
Many metsorites havs been found in the immediate area establishing
a méteoritic origin for the featuree. Thgre are many solution
depressions in the surroundinpg plain (Ldbeck, 1939, p.712 and 716).
There are many linéaments. espaclally with a northwest strike, over
most of the Carlsbad area, A few have been attributed to deflation
between longitudinai sand dunes (Bachman, et, al., 1973, P.35).
0live (1957) has explaihed lineationsAin Eddy Counﬁy, not far from

Carlsbad, as dus to solution-subsidence troughs along joint systems

in gypsum,

Sma211 Holocsne domss have been described in °outheaqterh
New Mexico by Vine (1960, p. 1910 1911) as a result of weathornng
and preh“ps combined rlsing of salt.

Of grezt’ concern is possible mobllmvation of the salt durlng

.the storage time of the radiocactive waste, 250,000 yesars, -Dur1ng~recent

drilling in the Los Medanes areua Uy Sandia-Corporation'a vossible salt
piercement type structure was encountered in the Castile Formation.
A prominent bed of salt within the Castile Formation has been known

for some tima to have been deformed. Until recently:this-deformation -

. hag been interpreted as having occurred a short time after deposition

and caused by tilting of the strata and subsequent gravity sliding of



the 531t bed which caused rultiple folds to form at this one horizon
and not to have affected bads aboie and below (Figurefi’. The only
other apparent causa for an internal ﬁed of a formation to be deformend
is by plastic flow dus a unique load opressura to thickness of salt
ratio plus possibly éome irregularities of the salt bed prehaps caused
by original processes ofAsediﬁentation.~?rehaps a combination of
1nterformationalAfolding anﬁ plastic flowage has and is taking placé,
or maybe the folding and plastic piercement took place at the same
time, long in ths geologic past. "The‘folding has resﬁlted in some
bucking and dovnwarping of rocks in the Saladé Formation, and it has
upliftedAthé Salado and other rocks és young aé the Chiﬁle Formation

«.s it can bz dated cnly very broadly as psst-late Triassic to pre-~

"Pliocens." (Jones, et.al., 1973, p.32=33).
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Figure 5 Folds in Castile Formation

Jones et al., 1973, Figure 3
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V. Hydrolory

Burface Watar

The Pecos River runs along the southwest side of the area.
This is ths only major perennial strearm, It flows to the south-
east, Most of the area drains east-southeéstward across a platean
along subparallel te&porary streans sﬁch as Sulpher Springs Croek.
The area is very arid, and thore are many tqmporany lakes and small
playas, Thereiare'only a fow small, permanent lakes, and some are
man made, One psrennial lake ié Salt Lake, eaét of'Lovingﬂ

Ground Uater

The main aguifers are the Culebra Délomite Member; the Basal
solution brecela zone of the Rustier FsrﬁationfandAthe Santa Rosa =
Sandstonéo Locally the Gatuna Formétioﬁ'is an aquifer. The basal
solution breccia zone is the unit that is ﬁost signifiéant in solution

_of reck salt in the upper part of the Salado TFormation. FormaiionsA
above fhe.Salado seem to be intercoﬁngcted""ghd constitute a single
hydrolégic system, ana'a map of the water table (Brékaw.et él.,.1972;A
p.l44) is useful inlpredicting flow withiﬁ the'formations.above the
'Salado Formation. ?he water table is 200 to 1,400 feot above rock
salt in the Saladb Formation. Near Carlsbad groundwater above the
Salado Formation moves genefally southward and. southwestward into the

Pocos Rivar near Malaga Bend (Brokaﬁ~et al., 1972,:p. 56).



Formaahility of the Salado Formation is low. Locally thers 3
great permeability due to fractures or solution cavities. Occassionally
small pockets of water or gas are encountered in mining oparatiéns
near Carlsbad, The dissolution front of the Salado formation ié
estimated to have moved'laterally at a rate of 3% to 4 miles per
million'years' (Bachman st al., 1972, p. 60)s |

Aquifers below the Salado Formation are the Capitan Limestone,
Yates, and Tansill Formations; and water in them is under strong
artesian pressure. The potentiometric surfacé is‘iargely above the
land surface, Soﬁe of this water may move upward and dissolve cver-
lying salt bteds, The distribﬁtiqn_of chlorine in the water around
Carlsbad sugeests to Bachmaﬁ et ai..(19?2, p,6é> that uprard move-

ment of water does take place.

N



VI, Finsral Resources

Tha Carlshad area contains potash mines,.oil and gas Tields,
aguifers, and a site where a nuclear blast device was tssted, apd
two areas of solution mining tests. Potash salts are recovercd frecm
the evaperite salt beds of the Salacdo Formation. HMineable deposits
are restrictad to a zone in the middle membar of thes formation.
The underpround workings are shown by Brokaw, et al, (1972) on their
Figure 16, There ars many exploratory holes in the arsa. Exploratory
holes at the los Medanos area have been plotted on a map by Jones,
ot al, (1973, Fig.12). | .'

011 ard gas fields ars shown on the map of Brokaw, st al, (1§%2,‘

.77}, "“"Tha arsa will probably continue to be one ol the most

activély explored arsas in the nation ..." (Brokaw, et al., 1972, P=78),

Many holes drilled in the search for petroleum have paséed through
the evaporite bads and entered producing horizons which have bszen
tabuiated by Bfokaw. et al. (1972, §.?6)e e

The main aguifers from which water is gbtaiﬁed'aré ihe Cuisbra
Dolomite Hsmber,‘theAiasal solution breccia 7zome of the Rustler
Formation, and the Santa Rosa Sandstons. Iocally the Gatuna Formation
is‘én aguifer, Location and othe£ data on water wells in the-Loé

Madanos Area have b=en tabulated by Jones, et al. {1973, p.45).



The Grioma site whare a nuclear device was detonated is about
25 kilometers'southsast of Carlshbad, and theroe is wmuch data on
the geology of the sits, and a brief summary and availability of
data are presented in a report by Brokaw, et al. (1972). The
shot chamber was located in the uppsr third of the salt section
of the Salado Formation,

The twovsolution nining tests were concucted-10 to 30 milés
hortheast of Carlsgad (Brokaw, ot al,, 1972, p.?j); The projects

have been abandoned for many years,



VII, Fhvsical apd Chamieal Provertiss

Smzll pocke{s of pas or water under high pressﬁra are occassionally
encowntered duriné potash mining operations near Carlsbad (Bro¥aw,
et al., 1972, 0.40).
| Hydratad evapnrite'minarals are abupdant in thsa Salado and
Rustler Formations, but they do not form massive unlts in the Castile

Formatione
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VIII. Conclusions and General BEvaluation of Rocks for Yaste Repository
‘Rock salt bads are very thicl in both the Salado znd Castile
Formations, but they are thickest in the Salado Formatjon. Castilé(‘
Formation rock salt beds are more pure tﬁan those of ths Salado Forma-
tion, except the basal Salado Formation beds in the Hidland Basin
are also very pure.
The pfesénce of hydrous svaporite minerals in the Salado Formation
will be a problem., The Castile Formation is probably free of this
as a major problem. | |
There ars many éxploratory holes whiéh penetrate part o; all of
the rock salt formatiens. | |
There are water scurce aquifers which must b protected Irom
contanination, >
In soma araas the Salado Formation rock salt bgds'are subject
to solution from water percolating upward from underlying aquifers
through fraéfures; | S - ; ‘;?'fﬁ
The Salado Formationvis above sea level and subject to erosion.
The rock salt beds in the middle‘member of thaACAStile Formation
have been highly folded and it may be difficult to dgtermine the age

of the last deformation.



Clovis Arza

I, Physlographic Setting

According to Fenneman and Johnson (1930) the Clovis area is’
vithin the Interior Plains major division, Great Plains province, and
the High Plains section which is characterized by broad intervalley-

remnants of smooth fluviatile plains. Perennial streéms are almost

absent, Stream channels ame small and drainage is gentls, and much is

subterranesan through numerous sinkholes according to the map of Raisz
(1952). Glaciers will not likely be vefy effective in causing erosiom

this far south for the next quarter ﬁillioﬁ years.

N



.

II. Tectonlcs arnd S=ismicity

The Clovis arex is in the Palq Duro Bzsin of Texas and
Tucumeari Bdasin of New Msxico. These are bound by tne Amarillo
Uplift {2 west-northwost extension of the Wichita Uplift) on tha
north, the Matador Uplift and Sierra Grande'ﬂrch to the wost,

The Palo Duro Basin is-a shallow foraland portion of the
foreland basin of the Paleozoic Marathon Mountains orogeny to the
south. The Palo Duro Basin was localized by bounding high areas
during different timsslwithin the Paleozoic Era, Cne of thess high
areas, the Matador, is uniusually narrow,. It is bound cn the éouth
by faults and dikes. The Amarillo Uplift has f%ults'on'thé south
side adjacent to the Palo Duro Basin, Part of the Ancestral Rockies
of Pennsylvanian age, the Pedernal Uplift, was intrudsd by_ultrabasic

recks in the Mesozole Era, The area was tilted, moderately folded

-.and faulted between Late Cretaceous and early Tortiary time (Jones,

1974, p.17)e

:Several earthquake epicanters‘of small infensity have been
located in and near the Clovis area (Northrop and Sanford, 1972, poil9

and Docekal, 1970, Figure 1), but the only concentration of epicenters

- which might bs associated with known structures are those along the

Amarillo Uplift.



ITI. Stratipraphy

Comvinte Colurn  (Mainly from Jones, 197M)

Quaternary scdiments are in loral.thin deposits, and they
are composed mainly of alluvial sand with some gravel, and theré
ara soms wind transported sand deposits, Alluvium is concentratéd along
prasent straam channels,

The Pliocens to Micene (Bachman, et al., 1973, p.25) Ogallals
Formation is next below a disconformity and 15 to 415 feet thick,
The Czellala TFormation is sandstone, siltstone, conglomerate, and
caliche, Thig formétion'is a continental deposif washed m#inly
from the ancestral Rocky Mountains and the basin ranges of southern
New Mexico to the ﬁest and probably éovered all ofithe Permian Basin
(Bachwan, et al., 1973, p:24 and 25).

The Lower Cretaceous Tﬁcumcari Shalé 15 next unéer a major
unconformity. It is 60 to 165 feet thick ana composed of shale
with mincr amounts of sandstone, It occﬁrs mainly as local outliers
bu£ is extensive in .the stbsurface of Curyy gpd Roosevelt Countiesgv

Bslow a major unconformity underlying the Tucumcari Shale is
the'Upper Triassic ﬁockum Group contaiﬁing the Chinls Formation énd
Santa Rosa Sandstons. Ths Doclum Groﬁp ié 840 to 1,520 feet thick
and ccmposed of séndstone, shale and sméll amounts of congloﬁerate.
The Triassiec rocks are a sequence of terrigénous red beds,

The Upper and Lower Permian Artesia Group is néxt bélow a major-

unconformity.It is composed of the Tansill and Yates Formations,



Soven ltivers Formation, and Green and Grayburg Formations. The
Tansill and Yatss Formations are up to 210 feet thick and composed
of sandstone, siltstonz, and minor amounts of dolostone, anhydrite,
and rock salt,' The Seven Rivers formation is 155 to 500 feet thick
and composed of rock salt, shale, and anhydrite. The Green and
Yatos Formations aré 210 to 370 feet thick and composgd of sandstons,
shale{ and minor amounts of rock salt, anhydrite; and dolostons. |
The Artesia Group is a complex deposit of red beds and evaporite,

The Lower Permian San Andres Formation is next below an"un—'
conformity. It is 660 to 1,250 feet ‘thick and composed of rock
salt, aﬁhydrite, shalg, and dolostons, The formation thickens
northward and eastward and is'composed of lcwer and upper msmberse
‘In recent years this formation has been a strongly favored ex-
pleratory target for petroleum,

"Conformably below is the Lower Peymian Glorieta Sandstone
95 to 160 feet thick cowposed of sandstone and minor dolostone
and anhydrlte. Halite rnay be in the sandstone as a cement in
Curry and Roossvelt Countiss, The sandstone is gﬁnerally psrmeable
and ylelds brackish water to wells in the western part of DeRuea
County and salt water to wells in the eastern part of the county
(Mourant and Shomaker, 1970, p. 14, 77 , and 79) e

Next below .are theAAbo and Yeso Fromations consisting of a red
bed ssquence-of shale and sandstone and lesser amounts of anhydrite .
and dolostong.. Rock salt is also prosent buf data on the two .

formations is megelr.: :



The stratigrénﬁv balow tha Permian is not deseribed by Jones
(197%4) but further information is 1likely available in ths published
work of Foster, ot al). (1972), lany holes have ontered Precambrian
basament rocks which azre felsic igneous rocks, mainly rhyolite |
flows and pyroclastic rocksy micrcgrapbic granite; and suvra '
crustal continental clastic_sedimentary rocgs (Bayley and Muehlborger,

1968) .

Sz1lt Bearing Formatiens (Mainly from Jenes, 1974).

Introduction

Salt beds are in a va;ied sequeﬁce of evaporites, red beds, and
carbonate rocks knowm as the San Andre; Formation énd fhe Artésia
Group. "The San Andres is moﬁtly'salt.and anhydrite interbsdded with
dolomite and shale, and is 660-1,250 feet (200-380m) thick. By
contrast, the Artesia Group is chiéfly shale and sandstone intér-
bedded with%ock salt and anhydrite and ranges in thickness from 365
feet (105m) to°1,100 fect (335m)." (Jones, 1974, po1). The salt
bseds are not known to cohtain hydrous minerals, Salf hads are
‘thicker in the San Andres aﬁd contain fewer intorbedded sedimentary
rbckSo
| San Andras Formation

Figﬁre 6 'shows the aerial @istribution and thiékﬁess éf salt
in the San Andres Formation.,  The further~distr§hution outside the
area of the mapped arsa was eétimatéd for Mgure } . Thicknesg of

overlying rocks exceeds 1,500 fest over most of the area., Tt 1s
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Migure 6

Thickness Map of Salite-bearing Interval in
Upprer Member of San Andres Formation

Jones, ﬁQ?h, Figure 3, p. 11



1,000 feet in the northwest corper and abeut 3,000 feet in the
vicinity of Port2lce in the southezst cormers | |

The San Andres Formation consists. of an upper member and a
lower merber, Tha ubper member is 400 to 1,000 feet thick and
contains sevén ma jor beds oflrock salt from 12 to 150 feet thick,
The ufper member is lérgely rock salt and anhydrite interbedded
with shale and dolostone, Tha lower member is 200 to 300 feet
| thick and is predominantly dolostone and anhydrite interbedded
with shale. .
| Artesia Group

The Artesia Group unconformably overlies the San Andres
Fofmation.and consiste of Tive formations in descending order
Tansill,.Yates, Seven Rivers, Qﬁeen, and -Grayburg. Rock salt and
anhydrite are interbedded with theAred beds of the Group but ars
most plentiful in the middle part which inéludes the chen“Rivefs
Férmation, mach of "the éombinsd Queen” and Graybureg, Formatioﬁs, :
and 2 small part combined Yates and Tansill Formations. Salt
content of the stratiéraphié section and thicimess, 1,650 to 2,000
feet, of overlyiﬁg rocks are groatest in the vicinity of Clovis
and Portalss (Figure 7 ). Salt beds are thickest, up to 60 feet,

in tha Ssven Rivers Formatione



i Figure 7 ‘Thickness HMap of Salt-~bearing Jnterval in the
: Artesnia Grou
i
Jones, 1974, p. 15




iVve Structure

ﬁeds ol the Clovis are extrawely flat lying. Different
stratigraphic horirons slope gently in different directions. The"
bhasamant nonconformity dips toward the ca;tar of the Tﬁcumcari Basin
to the west and Loward The PaloDuro oasin Center to the east. The
top most, forver]y confinuous stratum, the base (major unconformity)
of the Opgallala Formation of Pliocene and locally liocene ape, has
a gentle Lomoclinal eastward dip over a ver&hlarge area, The'top'
of the San Andres Formation (unconformity) of Early Permian age has
a gentlc southeastward dip (Jones, 1974, p.11),

There are a few faults in and near.thé Clovis area. There qfe
steep faultc tha’ strikc'north-northcast and ars lnown to cut at leaét
Fermian through Triassic formations but are not believed to have
affected the Ogallala Formation of Pliocene to Miocsne ape (Figure & ).
_Their last movement is considered by Jones (1974, pe 17) to be Lute |
-Creuaceous or uarly Tertiary, but ho 1ndlcates fhnir precise age is
-unknownb The Bonita Fault (Figure ¢) is Cretaceous or_younger. It
strikes northeast and strata are down on the northwest side. An east-
west striking fault is along the Matador Arch on the south side of the
area. There are numerous northwest and a few northeast trending linea-
ments over most of the area, Their origin and age are unknown,

There are two'eastHWest trending dikes snuthwést of the area
about 10 to 20 miles. One is about 30 feet wiae and 25 miles léng, and
ths other 70 to 100 feet wide and 30 miles long, and it is an olivine

gabbro .
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I"igure 9

Structure iMap of the Permian DBasin

Bachman et al,, 1973, p. 30




¥

Vo Dydirclomy

Surfacs YWatsy

Most surfacs water drains eastward along a subparallel set.
of channels, Ths main one iz Running Water Crsek. A small portion
of the area drains wastward and enters the Pecos River which flows
southward, There are many closed basins of drainage into playas
and sinkholes. ‘Iarga amounts of sodium chloride are carried by
thé.streams whicﬁ drain the arca.(Bachman, ot al.,419?3, pelt9)e

Ground Water

Tho Ogallala_formation is a major water reservoir in the
irriga{ed parts of the Clovis~fortales area (Jones, 1974, Pe17)e
Water is boing used so fast it is baing dopleated, and by ﬁhe yvear
, ZOZO'the quantity may be eritically iow {Bachman et al,, 1973, p:&3).
The sandstons beds of the Artesia Group are water beariﬁg (Jones,
1974, p.i6), and sandstone and shale make up zbout half of the
- Group. 'he Glorieta S;ﬁdstoné whicﬁ underlics the saltJbeafing A
* San Andres Formatioﬁ conféins permeablé sandstone which yields

brackish water in the.wastefn part of DaBaca County and salt water
in the eastern p&rt (Mourant%¥ghcmaker, 1970, p. 14, 77, and'??)e
Throughéut the area aquifers ars probably féwer to the south because
sandstone is. less in this direction.

Dissolution of salt beds from outcrop has been taking placo -
“very.élowly. The presentAdissolution {front has been reﬁreating for

230 million years. It is estimated that dissolutlon in the vicinity

\
of Carlshad, New Mexico has taken place at a rate of 6 tofl miles

per million years (Bachman et al., 1973, p.2). This is based upon



tha rato.estimated forr the last # million years; therefore, the
climate for the next quarter million years is not likely to be
r#dically different from that over the last I millicn and dissolution
should not create a problo@ for waste several miles from the
dissolution front., |

Additional information on ground water can be obtained from
published data. Ground water in the area has besn studied by Theis

M("i-‘\v":.. .\';;" ong
(1932), Ashonakor (1970), and Cromin (1969).




.

VIe Finoral Resoureass ‘
Scrg carbonate rocks of the San Andres Formation are oil and

gas producing horizons (Jones, 1974, p.10); however, developed

0il an? gas fields are not extensive in the Clovis area (Bachman

et al., 1973, p.i6).
The major groundwater source for the area is the Opallala
Formation., Water, espzcially for irrigation, comes from this

formation,



VII., Physical and Chemical Propsriics

The salt ?earing units, the Sin Andres and the Aft&sia,
contain more detrital matarials than those of ths Carlsbad areaj
but they are free of polyhalite and other hydrous salt minerals
as have been reported in the Ochan deposifs of fhe Carlshad area
(Brokaw etlal., 1972,'Appendix A),

Water has'apparently moved along faults and dissolved some

of the salt beds (Figures b and 7 )



VIII. Cenclusions and Genoral Evaluaticn of Rocks for Waste lepositcory
Salt bsds are pfobab}y thick enough and decp enoupb, and hydrous
minerals are not knowm to Ee present in association with the S&ltﬁ *
Underground movement of water is going to ba extremc1y~difficu1tlto
understand, mainly because dips of beds are so near horizontal and '

yet warpsd in many different directions. Permeable sandstons beds

aro numerous and near thickest salt beds,



Oklahora-Texas Area

I. PhysiographicASotting ]
According to Fenneman and Johnson (1930) ihe cast half approx-
imately is Interior Plains major division, Central Lowland province,
and Osage PlainsAsection vhich is characterized as old scarped plains
beveling faintly inclined strata with main streams intrenched., The
western part ofjthe Oklahoma~-Texar arca is in the same major division
as the esastern part But 1s within the Great Plains prpvince and High
Plains section‘charactgrizcd by broad intervelley remnants of smooth
fluviatile plains, and also a small area is within the Great Plains
provines and PlainsABSrder section characterized by Submaturely to
maturel# dissected plateauevl A
Streams are chiefly subparalleliand fio# eastward away from ihe
Southern Rocky lountains,  The main stream-ié the Canadian River which
- is desply incised and will likely bs a major cause of several hundred .
‘ -feét of sfrata to bé eroded. from mﬁch éf thérbkiahoma-Texas area over
the next few thousand years. ‘Due té gréaﬂ thickness df salt fhatiis
very soluble and high elevation of the areé above sea level, erosion may
remove many huﬁdreds of. feet of straia in the next quarfer million years.
The ecdge of a few glaciers may reach this far'south over the next

250,000 years, but erosional effects will not be great,



IT. Te&tonicé and Selsmicity
The Oklahoma-Texas area is within the Anadarko Basin with the
Wichita Uplift alene¢ the south side. To the east of the basin vhere
salt beds thin to exlinction is the Nemzha Ridgo,
The north flank of the Anadarko basin is a long dip slops of
Paleoroic rocks on top of the Precambriasn basement, The basin
de§Cends to 2 depth of 25,000 feet, On the south sidé,.tbevbasin‘is
fault bound, and dip of beds is very steep. The basin developad
throughout Paleozoic time with occassional epeirogenic uplifts which
produced unconformities. In early Cambrian time there was widé spread
volcanic activity producing mainly acidic rocks (Bayley and Mushlberger,
1969) | :
' Sincé the area was uplifted by epeirogenic forces ioward the
end of Paleozoic time, no tectonié forces are lnown to have affected
the_areao The Oklahoma-Texas arsa is within the mid-contirent central
stable region and seismic activity’is IOWG;:DOSggkél (1§70, Figure 1)
has plotted a MMI VII to VIII and several_smailer intensity epicenters
near and along trend of the Wichita Uplift suggesting activity of faults
which extend into basement rocks between the Anadarko Basin and Wichita -
Uplift, Yet, there is no substantiated historical offset on thessc faults,
Thé Némaha Ridge has four MMI VII to VIII ghd several smaller
intensity eplcenters near and along trend of the Nemaha Ridge. This
-suggests activity of faulting associated with thé Nemaha Ridge. There
is no substanfiated historical movement on faults associated with eithbr-)
Ve e sd
the Wichita Uplift or Nemaha Ridge. Yet, according to Smitgﬂ%;;?i}\P
there are prominent 1inaaments on ERTS images whiéh parallel, if not

not colincids with, fault traces associated with the Nemaha Ridge.



III, Stratigraphy (Meinly fron Lefoud, 1953, and Pierca and Rich, 1$£2)

The Oklahoma%Texas frea is underlain by the Clear Fork Group
which contains halite units interbedded with red shals, anhydrite,
and some dolomite. The Groﬁp consists of three formations of Lowver
Psrmian age balonging to the leonard Serles, Ths three formations

Yormation,

from top to bottow arz tha Beckham Formation, Cimarron
and the Wellinglton Formation. The details of the formations ars
depicted in a drawing by Louise Jordan (Leford, 1968, p.33).

The Bsckham Formation is divided into an upper member the Yelton

. Salt Member, a middle member the Blaine Anhydrite Member, and a

lower member the Flowerpot Salt Member.

Tke Yelt&n Salt Member is about 300 feet thiok, At the type
locality £he Yolton Salt is 20 to 25 percent'shale;

Conformably ﬁalcw the Yelton Salt Momber is the Blain Anhydrite
Member, It is about 200 feet thick and composed of anhydrite with H
interbads of halite and some shale. . _

The Flowerpot Salt Member is about 3C0 %eet £§ 625 feet thick.
In northem Gray'and.ﬁost—c&ntral “Leeler Cbunty; Texas, the Flowerpot
Salt Member lies about 1,200 fest bslow the surface of the ground,

The Cima£rqn Formation is composed of four memberst! an uppsr
shale mewber, ths Upper Cimarron Salt Member, the Cimarron Anhydrite

Member, and the Lower Cimarron Salt Member,



The upnsr shile mambor is about 300 feat thick an@ centains
disécnfinuous'intorbedéicf haiits and gome ypsunm ana siltstons,
This unit would probalily e imporméable to dowmwiard movermsnt of .
water toward & radioactive waste rmpository in the two MHembsrs belows

The Upper Cimarron Salt Member is a2bout 200 feet thick and is
coarse halits that i; reddish browm aua to small amounts of clay,
aﬁd there ars interbeds of reddish brown shale and some anhydrites

The Cimarron Anhydrits Member is about 100 fast thick and contains
thin. interbeds of shale and dolémitea

“The Lower Ciﬁarﬁon'salt Hember is.about 260 feot ﬁhick with;a
. maximum thicknsss of aboﬁt 450 fast in north:-central Wheeler County,
Texas., The Fembsr is cqmposad of coarsé clsar halite. There afe a
few intercalations of moderate reddish-brewn or greenlsh-gray shale,
The halite is gsnerally pure and csome sections és much as 30 feot
thick contain 95 psrcent hglite. Such a unit is likely the begt'iﬁ
the section as a site for a radiocactive waéfé'}epositony.

The Nbliington Formation is coéposéd of thrce members: an upper
shale membar, the Hﬁtchinson Salt H@mber,-and a lower’anhydrite member,
The upper shale member is-about 450 feet thick and would probably '
serve as a barrier to water circulation into an overlying waste-
repository, |

The ﬁutchinson Salt Member is about 400 feot thick and is conm-

possd of halits and interbadded shale and anhydrite., Halite beds are



not as thick as in the overlying two members ard thare is prohably
1ot a halite unit as thiek as 200 feet in ths Oﬁlahoma~anas Arez
except in ths north portion whers The Oklahema-Texas Arsz overlaps
the Kansas Aresa, |
The lower anhydrite member is about 150 feet thick, This anit

would also probably serve as a barrier to upward movement of water,



IV, Structure
Bads dip toward the lowsst part of the Anadarko Baslin in'the
gsoutheast corner of tha Oklahoma-Toxas area, Beds dip gontly except’
along thas south side they dip steeply northward off thq'Wichita Uﬁlift
or they are faulted with the down side on the north toward the Anadar¥ko
Basin, This is one of the despest basins. It has more than 20,000
feot of structural relief, Thers are'no faults except those along
the south sida, and no folds; yet there is much o0il production and
many structures have probably'béeh found during pstroleum exploration.
The area has not-beén examined thoroughly for lineaments, but a

. . Q“C\\' (iY\ {)(CSS)
few have been found near the Kansas border by Smith"(1974). North

. northezst striking lineaments are the most numer ous,



V. Hydrolog

Surface Wster

Major sfreams forn a'subpgrallel pattern and fldw_
gencrally eastward° The longest streams are the Canadian
River, the Korth Canadian River, aﬁd the Horth Fork bf the
Red River which runs along the southern edge of the area.

Ground Water'

Little information is available on ground water. Much
of the movement of the ground water is controlled by the
deep Anadarko Basin structure. Extensive salt'springs.in
and arbund the area indicate activé_solution of Permian
halite beds (Bachman et-alﬁ, 1973; p.hQ); Cﬁlorite con-

- centration ranges from 20,000 to 200,000 ppm. Nine major
springs are estimated to dissolve 6;300 tons pér day

(Lefond, 1968, p.38).



VI. DMineral Resources

At the southeastern edge of the arca salt is sclutioned

near Sayre in Beckham County. The Upper

2
Cimarron Salt

Hember is brined from a depth of 1518 feet (Lefond, 1968,

| P.35). Salt production in Oklahoma is only about 10,000

tons‘per year.,

0il and.gas are produced throughout
and is concentrated in the southern part
- gives way to the Wichita Uﬁlift (Bachman
Producing horizoné occur fhroughout much
section all the way down to granite wash

Precambrian rocks,

rmuch of the area
whefe the Anadarko
etAalg, 19739 p.16).
of thé faleozoic

on top of the
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V1I. Physical &nd Chemical Propertics

In a Beaver County well of the YWarren Petroleum Company

(Mocene Plant) the Lower Cimarron Salt Member contains a

section 30 feet thick which is at least 95 percent salt

(Lefond, 1968, p. 38).

Some analyses by the Oklahoma Geo-

logical Survey of Cimarron salt are shown in the followihg

table:

Depth, ft. .

1490.5-1510

1529 - 1540
1617 - 1640
16442.5-1666

1669 - 169l
1713 - 1738

Thickness, f

19.5
11

.
2345

25
25

NaCl %
" 91.57

86.7
9y 08
93.15

90,85
1 93.79

Principal Imburities
Shale, anhydrite
Anhydrite.

Shale, anhydrite
Aﬁhydrite, shale
Shale; anhydrite

Anhydrite, shale



VilT, Conclusions and General Evaluzation of Rocks for a
Waste Repository | |

The Cimarron Formation contains halite beds sufficientlj
thick, pure, and deep for this area to be considered for a
wacte depository. The Lower Cimarron Salt Member is the
purest and likely cbntéins a unit sﬁfficiently thick. Im=-
mediétcly above the Upper Cimarron. Salt Member there is shale
which will likely be impermeable to circulating fluids and
prevent solutién of-the undéflying halite. And immediately
below the Lower Cimarron Salt Member there is shale in the
Wellingtén Formatiﬁn which will 1likely be impermeable to
circulating fluids{and pfeﬁent solution of ﬁhe overlying
halite.’

In the.northern part of the area'there are halite zones
greater than 200 féet thick in both the Cimarron and Welling-
'ton_ﬁormations.r There are probably potential waste repdsitory
-éites'in both stratigraphic horizons,

Tﬁere is very little published information about the
halite bearing fofﬁations. Yet, there is much well data likely
available from the state geological surveys and the oil
companies. |

| .There is a great deal of oil and gas proéuction in tﬁe
area which will present ﬁrobléms of locating all the wells

near a possible waste repository, and removal of the fluids



may cauvse unwanted circulation of fluids near the waste
repository. |
The many soluble nalite béds above the Cimarron Salt
Member coupled with the fact that many of the halite beds
are above sea levei ey present a possible rapid erosion

rate over the next guarter million years.




Kansas Arca

I, Physiopraphic Sotting

According to Fenneman and Johﬁson (1530) the Kansas area is-
within fhe Interior Plains major division, Great Flains province, and
the Plains Border section which is characterized by a submaturely to
maturely dissected plateau, Drainage is‘subparallel and mainly south-
eastward, The Arkansas River is the ma jor stream, and it is along the
north side of the ar§a° The Cimarron River runs through the éoutherﬂ
portion of the area, and the Nortﬁ Canadian River is ﬁlong the
. southern tip of the'aréﬁe' Thousands éf years from now t£e Arkansas
River ma& cut across ths area and produce éome rglatively rapid erosion
of a'fgw hundred feet of the rsiatively flat strata.4 A few glaciers .
may cover tﬁe area in the next éuarter ﬁillion years, but erosion will

not likely be great this far south,



II. Tectonics and Seismicity

The Kaﬁsas area is within the Hugoton Embayment bound on ihe
eas£ by the Karmzha Rildgs and on the north by the Central Xansas Arch
and on thes west by the Las'Animas Arch. The Hupoton Embayment is a
broad, shallow northward extension of the Anadarko Basin. o more
than a few thousand feet of sedimepts were deposited in the Hugoton
Embayment.

The Hupoton Embéyment beaaﬁ subsidence in the Cambrian Period
and continued throughout rost of Paleoroic time. There were several
epeirogenic uplifts with resulting unconformities., Much of the arching
of the las Animas Arch.develuped in Pennsylvanian time-probably dus
to subsidenée of the basins on either side {(Bardiey, 1951, p.219).

The Nemaha Ridgs associated faults have been active from Precambrian
into the Permian Period and prehaps to the present if associated
sgismic_activity is an indicatéoﬁ of movement on the faults, The
Central Kansas Arch and undérlying Ellis A;ch as it is called in pr;—
Mississiypplan rocks have baen positive dﬁring Paleézoic time and '
possibly in Crotaceous time (King, 1951, p.60); so, a symmetrical broad
arch has éevelopad with local folds with axes parallel to the main
arch axis trénding northwest. Also faunlts pafallel fold éxes and
etali jn press , .
14neaments visable on ERTS images (Smith,-1574). The presence of the
1ineaments'sungests possiblé.tectonic activity into very recan tims,

but the seismic record of epicenters is not yet developed sufficiently



to make Qery positive statemants (Doseckal, 1970 Figure 1), There
are a couple of IMI VII to VIII intensity epiconters which wight be’
associated with the arch, but the activity coﬁld be due to movement
assoclated with the Némaha Ridge since the epicenters are ncar the
intersection of these two ﬁajor tectonic features. There ars several
smaller intensity earthquake epicenters vwhich misht very well be due
to activity along the Central Kansas Arch, Most all this seismic
éctivity does not ﬁave to be of fectonic origin.> It may only be due
such smaller forces as orosion and isostatic adjustment., .

The Kansas areé is very seismically sfable. It is in the mid-
continant, and only a few earthquakes of'less than EMI VII havev'
been recorded, There dgesn°t seem to be.any linear trends of eplecaters
through the area, HNearest earthquakes of MMI VII or larger have
occurred far to the northeast along the north-south trending Nemaha
Ridgé, and also far to the southsast alpng thgiwest-northwest trending

Wichita Uplift,



III. Stratigraphy

Generalized Scction (Hodif'ied from Lefond, 1669, p.26)

System : . :
and Group ° Formation
Series
Quaternary: ' Alluvium and holson deposits
Miocene and ' 4 -
Pliocene Ogallala
Cretaceous , . . Cretaceous Formations
etaceo including Dakota Formetion
Triassic - Dockum (?) Group
Quartermaster , o T
UPPG“ Group Taloga Formotion
S Dry Creek Dolomite
Whitehorse Sandstone
Nippewallsa Group - Dog Creek Shale
| Blaine Formation (contains halite)
Flower Pot Shale (contains halite)
Cedar Hill Sandstone _
c N Salt PlainFormation (contains halit
-é g . Harper Sandstone
g :j “Sumner Group : Stone Corral Frmation (contains halite
Cff | Ninnescah Shale ' ‘
VWcllington Formation (contains halit
Chase Group
Council Grove Group
Admire Group
- Wabousee Group
-~ £ '
«g.é
€S
® >




3alt “ormations

The. salt bearing formation which has & cummulative
thicknesa of greater than 200 feet and occursz at.greater
than 1,000 feet below the surface ofAthe ground is the
wellington Formation as determined from Raclusan et al.
(1973, p.16). The purest unit in the Wellington Formation
is the Hutchinson Salt Member.- The Hutchinson Salt Member
has very complex internal stratigrasphy. Usuélly, anhydrite
is missing in the upper part of the Member, but both anhy;
drite and shale are interbedded with the lower part of the
Hutchinson (Lefond, 1968, p. 26). |

" _The Hutchinson Salt'Member is up to L0OO feet thick
and is fairly pure with the principal impurity'being anhy-
drite. At Hutchinson, Kansas, the Member consists'of
alternating clear and white coarse halite layefs several

inches thick with thin laminae of silty shale, gypsunm, and

-anhydrite, The'Wellington Formation is divided by the

Hutchinson Selt Member into 3 members. (Lee, 1956, p. 116).
An unnamcd shale member is above the Hutchinson, The shale
is about 100 feet thick and composed

of gray and red shale., The lower member is about 150 feet
thick and consists of anhydrite interbedded with gray shale.

The upper and lower members are probably impéfmeable and

will likely keep circulating fluids from dissolving the

halite of the Hutchinson Salt Mémber.



-

At the Kunsas-0Okliualioma bofdev’at lezst thfae formntions,
and maybe four, overlap with at least 6CO feect t§tal hzlite
thickness. The Cimarron Salt. Members are¢ mapped in Qklanoms
extending this far north, and, at about the same stratigraphic
position, the Stone Corral Formation halite beds =mrc mappad
in Kanses . (Lefond, 1968, P.29), and they are indicated to
extend south scross the state line, Perhaps.the Cimafrcn
Salt Members and halite in the Stone Corral Formation are
equivalent. Also the Blaihe Formation has becn mapped in
Kansas in the same.geheral area along the state'lineAas the

" Stone Corral (Lefond, 1968, p. 28).

e



¥, Structura

ho Yansas area is underlain by the Prairis Flains humoclinal
surface structuro with westward very gently dipping strata; however,
subsurface siratz do not shars the westward dip. Tor exemple, the
PracambrianAsurface dips very gent]y-fo the south.

Ths Meade Fault in Heade County (Tigure §) is Pliocene or
vounger, Dayley and.Huahlberger (1963) depict a fault near the Faade
Fault but with different strike which cuts basemont rocks. There are
two faulis hetween Hﬁtchinson aﬁd FePherson (Bachman, et al,, 1973, p.30),
Several other faults a few miles west ‘of Wichita have been mabpad as
cutting basement rocks (Bayley and Hushlberger, 1958),

There are several lineaments s:riking northwest near thes HMeade
Fault (Bachﬁan et al., 1973, p.10), Many\short lineaments and a few
cireular features ars in the area, and to the east along the Central
Kansas Uplift there are northwest striking lineaments which transect

cfﬁ'- (l'r\ ")l’E’SS)

north-south lineaments along the Nemaha Uplift (Smitht—;Q?k).



V. Hydrology

Surfaece Water

' Major streams run subparallel essti-southeastward.

The Cimzrron River is the largest stream to run across the
area. The Salt Fork of the Arkansas River, Bluff Creek,
Rattlesnake Creek, and Medicine Creek originate within the
area, The largest stream, thc Agiénsas Rivef, runs along
the north side of the area and the Canadian River along
the south side. Theré is a small man-made lake on Bluff
Creek. | E |

Ground Yater

Some very large sinks produced Ly dissolution of
soluble rocks are'iﬁ the western part of the afea (Bzachman
et al., 1973, p.30). Some of those sinks are so large they

c¥a\ (in rca:)
are v151ble on ERTS imagery (Smith) 49?@? ne large sink
is manumade, i.e. having developed over.a cav1ty1made by
the Meade Sg}t Yell in(ﬁeade'County,-Kansas (Rachman étJal;,
1973, p.26). ) |

Studies, including hydraulic testing, were made of three
‘areas several miles north ol the‘Kansas Area in Lincoln

County, Kansas and several miles northwest in Wichita County,

‘Kansas (Bayne amd Brinkley, 1972). Aduifgrs reported‘

T "tash. e FZED - 1 P e



from these thrce areas are Quaternary alluvium, Ogallala

Formation, and the Cretacecous Dakota Formaticn. In Lincoln -

County hydraulic tests on Permian rocks above and below

the Iutchinson Salt Membef are quite impérmeable. liowever,
in Wichita County only 4S5 feet above the Blaine~Cedar Hills
salt there is sandstone wifh some permeability. Below the
sélt to the top of the Stone éorral Formation there is

little permeability (Bayne and Brinkley, 1972, p. 19).

i
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VI, Hinerzl Resourcen

Twenty-five to fifty miles north and east of the
Kinsas area therc are-eight sazlt mines, three of which
are active (Geotechnical Corp., 1958, p.24 & 29). Within |
the Kansas Arca salt was produced from a brine well in
Meade Cbunty.

There are é gréat humber of 0il fields in the eastern
half of the area, and‘only a few 0il and gas fields in

the western half, Producing horizons are both above and

below the Permian salt beds.
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VII.- Fhysical and Chemical ¥Fropertie
Ialite has apparently thickencd in possible anficlinul
structures suggesting plastig movemeni of the salt (Pierce
and Rich, f962, p.38). When taking samples of water for
chemical analyses, it 1s easy to contaminate the Sahple
where beds of solﬁblé salt &arc concerned. Holes driiled
specifically for collecting samples may be necessary, or

at least special care will likely be necessary (Bayne and

Brinkley, 1972).




VIII. Conclusions and General Evaluation of Rocks for
Waste Repository

At least two formations containing salt beds which
ovérlap at the Kansas-0Olzlahoma border ha&e not less than
. OO total feet of halite, and there is probably at least
1,000 feet of overlying strata. 'Some of the overlying strata
is halite as in the Blaine Formation, and this may result
in some unusually rapid erosion in terms of'a quarter of a
million years. Because of the shallow dip of beds, movement
of ground water will be extremely difficuiﬁ to understand
presently., After erosion ovér thousands of  years movement

of ground water will be almost impossible to predict.



Colorado-Yansas Area

I, Physiopraphlc Setting

According to Fenneran and Johrizon (1930) the Colorado-Kansas -‘
~area 1s within the Interior Plains major divisicn, Great Plains province,
and almost entirely within the High Flains section but may include a
small portion of the Colorado Pledmont oﬁ'the west edge of the area.
The High Plains section is characterized by broad’intervalley remnants
of smooth fluviatile plains. The Colorado Piedmont is a late mature to
0ld elevated plaino. Drainage 1s subparallel, and the major streams
flow ea;tward away from the Southern Rocky Mountains, The eage of a
fow glaéiers may reach this in the next qﬁarter ridillion years, but
glacial ercsion will not likely be sreat enouszh to affect a radicactive

waste site thousands of feet below ground.



TI:. ‘fTeelonics ard Saismicity

The Coleorade-Kansas araz s a ferelandwazrd cxisnsion of the
Aughton Basin from the Palsozoic orogenic »one of the Marathon
chnfzins and Cuachita MHountzinsg to the sovth, Tho Colorado-Kansas
araa is transccted by the ncrtheést trending Las Animas Arch along
which Precambrian rccks may have been'epréed above sea level in
early and middlo'Ponﬁsylvanian times During Cretaceous.and early
Tertlary time this area was the féreiand downwarp for the Denver
Basin to the west which developed during tha Laramide Orogeny as the
Front Range was foldgd,‘thfust faulted, and intruded by magma which
developad a great psripheral dike system,

Tiere are r.2 epicenters within the Colorado-Kansas araa, The
ﬁearastllargé intensity (T VII to VIII) sarthquakes havé occurrdd
near Donver along the Front Range faults which strike principally
north and therofore do not trend toward the Colorado-®ansas area,
Recently some earthguakes in the vicinity of Denver have bsen demon-
" strated to be associated with Front Range faulfing by associating fluid
injoction into wells at ihe argeonal witih frequency of earthguakes,
Dofokal (1970, Figure 1) shows a weak. concentration of much smaller
intensity epicenters with an eastward trend from the Front Range
gonerally toward the Colorado-Kansas area. However, these epicenters
~ . are probably associated with the Apishara Uplift vhich extends along

‘the southwest side of the Colorado-Kansas area,



«

117, Stratigraphy

The Permian salt déposits are not well known in the
Colorado~¥Kansas arca. The Blaine Formation contains halite
beds up to 500 feet thicﬁ. Tne map of Figure [0 shows the
maximum thickness of the Blaine Formation to be a little over
600 feet thick. Thefefore, the Formation must be. almost all

halite where the formation is thickest. Where the Formation

~is 40O feet thick it probably contains at least 200 feet of

halite. The [[00 foot contour was used to outline the
Colorado-Kansas Argé;' The extent of the Colorado-Kansas Area
in Colorado is estimaﬁed from the outliné of the Permian
Basin ss pﬁblished by Bachman et alg (1973, Fig.ije.

In Thomas County, Kansas, about 25 miles north of the
Colorado-Kansas Area, the halite beds are 2,250 féét below
the surface of the ground. In the south part of the Colorado-

Kansas Area, in Hamilton County, the helite beds are 1;100 feet

 below the surface of the ground;A'It is, therefore, assumed

that the Colorado-Kansas Area is all greater than 1,000 feet

below the surface of the ground.-
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Figure 10

Y "\

Thickness Map of Salt Beds in the Blaine

Fformation

)
’ Lefond, p. 28 (Add stippled pattern in
area surrounded by [00' contour.)



IV, Structure

. The Colorado~Kan§as area has an extroemely shallow dip of the
Precanmbrian surface southeastward toward the deepsr portion of the
Hugoton Basin and in Colorado includes most of the crest of the las
Animas Arch (Bayley and Muehluverper, 1968). There are no known faults
in the area. The Las Animas Arch is a very broéd flexure with a north-
east trending axis. This is the only reported fold bu+ in searching
for oil or pas others have probably been found. A few lineaments
:trend northwest just south of the Arkansas R¢ver (Bachran et al.. 1673,
. etal. (-a\‘{)f\": '
: p.30) Smith £&974) using ERTS inagery found several lineaments in
the areb. especlally sast-west trendlng ones and a large circular

featurs at the prominent Lend in the Arkansas River. A1l the linosuents

- are of unknown origin.‘
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. V. Hydrology

Surface Water

Drainége is eastward along subparallel streams, The
ma jor streams are the Arkansas ﬁiver, White Woman Creek, and
‘ﬁorth Fork Ladder Creek. In the west corﬁer of the area
.'Big Sandy Creek flows to the south and there are'several
lafge lakes. | | N

Ground Water

;_There is very little published information available®
on ground water%n the Colorado-Kansas Area, .Sharon.Springs

‘occurs in the north corner of the area.




r"/,l

VI. Minersal Resources
A emall gas field is in the southern part of the area
in llamilton County, Kansas. One possible reason for the

little amount of exploration for oil and gas in the area is

the shallowness of the Hugoton structural basin.
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VII, Physical and Chemical Properties

No specific information wés found, but interbcddgd with
the halite will likely be much shale since the area is near
the border of the Permian Basin. This should result in a -

high ion exchange capacity for these strata.
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VIII. Conclusions and General Evaluation of Rocks for a
Waste Repository
Very little information is available on these salt
deposits. Lack of mineral eiploration in the area would be

of benefit since there are fewer éxploration wells, Also

 there are not many minerals which will be lost to future

generations if a repository is develdped at this locality.
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