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Geologic Review of Proposed Amarillo Area Site

" for the Superconducting Super Collider (SSC)

 INTRODUCTION

In June 1987, the Texas National Research Laboratory Commission asked the

3ureau of Economic Geology The Umversuty of Texas at Austm to review and bnefly} S '

eport on the geology of ‘the. proposed Amanllo area site for the Superconductlng

uper Colhder (SSC) and to prowde a surface geologlc map of the 5|te An lnformalv

ask force was organlzed consnstlng of Jay A. Raney (Coordmator) Thomas C.
sustavson, and S. Chrlstopher Caran of the Bureau of Economlc Geology - This
eport accompames the geologlc map (Plate 1) of the proposed Amarpllo area site in

he Texas Panhandle

REGIONAL SETTING

ytructural Development

" The proposed Amarillo site for the-Su_per'c‘onduct-ing Super Collider (SSC) lies

west of the town of Happy. Texés. in the Texas Pahhandie7 The area is on thv'e"
Hortheastern flank of the Pavlo» Duro Basin, which is bounded by the Amarillo Uplift—

»Wichita}Mountains trend on ._the northeast‘ and by the Matadok Arch-Roosevelt Uplift

h the south. To the west the Palo Duro Basin is bounded by the Pedernal and

!
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Sierra Grande Uplifts. These positive structural elements resulted from faulting and
uplift initiated during the Paleozoic, perhaps as early as the late Cambrian.

During the Pennsylvanian and early Permian, tectonic movement along the
Amarillo Uplift and Matador Arch controlled sedimentation and facies distribution in
the Palo Duro Basin. Epeirogenic uplift during the Triassic resulted in the terrestrial
basin that contains the Dockum Group. By Cretaceous time the region had subsided
to below sea level. Epeirogenic movements continued into the Tertiary and resulted in
uplift of Cretaceous marine strata in the study area to more than 940 m (3.100 ft)
above sea level (Eifler, 1968; Gable and Hatton, 1983).

Nontectonic deformation, in the form of regional subsidence induced by extensive
dissolution of Permian bedded salt, has occurred beneath all of the study area
(Gustavson and others, 1980; Gustavson and Budnik, 1985; Gustavson and Finley,

1985).

Stratigraphy

In the eastern Texas Panhandle, episodes of deposition on shallow marine shelves
alternated with periods of erosion during the early Paleozoic. Terrigenous clastics,
informally called granite wash, were derived from and deposited near the Matador
Arch and Amarillo Uplift during the Pennsylvanian and early Permian as a result of
uplift of these features. Marine sedimentation during the Late Pennsylvanian and
Early Permian was dominated by shelf-margin carbonates, while the deeper parts of
the basin were being filled by fine-grained clastic sediments. During the middle and
late Permian, a wide, low-relief marine shelf developed, and salt, anhydrite, dolomite,
limestone, and red beds were deposited (Presley, 1979a, b, 1980a, b: McGillis and
Presley, 1981; Hovorka and others, 1985; Fracasso and Hovorka, 1986).



Fluvial, deltaic, and lacustrine sandstones and mudstones of the Triassic Dockum
Group unconformably overlie Permian strata (McGowen and others, 1979). Jurassic
sediments are not preserved in the study area. In turn, the Lower Cretaceous
Edwards Limestone and Kiamichi Formation unconformably overlie the Dockum Group.
During the Late Cretaceous and early Tertiary, extensive erosion exposed both Triassic
and Lower Cretaceous strata. Fluvial and eolian sediments of the Neogene Ogallala
Formation overlie the Tertiary erosion surface (Seni, 1980; Winkler, 1985; Gustavson
and Holliday, 1985). Locally, late Pliocene lacustrine sediments of the Blanco
Formation, Cita beds, and the Rita Blanca Formation overlie the Ogallala Formation.
The Quaternary Blackwater Draw Formation. which is composed primarily of eolian
sediments. overlies the Ogallala Formation as well as the Pliocene lacustrine
formations (Machenberg and others, 1985; Gustavson and Holliday, 1985). Lacustrine
sediments of the Tule, Double Lakes, and Tahoka Formations are interbedded with the

Blackwater Draw Formation.

Regional Hydrology

Preliminary studies of the hydrology of the Palo Duro Basin indicate that an
aquitard composed of upper Permian evaporites and salt-cemented carbonates and
clastics separates the unconfined aquifer in the Ogallala Formation and a confined
aquifer in the Dockum Group from a deeply buried aquifer containing brine in
Wolfcampian rocks. Regional flow of ground water throughout the section reflects
topographic and lithologic controls. Flow in the Wolfcampian aquifer beneath the
northern part of the Southern High Plains is toward the northeast (Smith and
others, 1983). Permeability of the evaporite aquitard is very low. The principal
direction of ground-water flow through this unit is downward (Dutton and Orr, 1986).
Ground-water flow in the unconfined Ogallala aquifer and in the confined Dockum

Group aquifer is generally toward the east and southeast (Dutton and Simpkins,



986) A prelimrnary model of ground _water ‘movement suggests that along the

=1

Bastern Caprock Escarpment fresh water Ieaks from the . Ogallala Formatlon and
Dockum Group downward into the zone of salt drssolutron and eastward through
Permian formations beneath the Rolling Plains (Slmpklns and Fogg 1982) Numerous
» fresh water sprlngs WhICh mark drscharge pomts of the Ogallala and Dockum aqurfers

re present anng the Caprock Escarpment at the base of the Ogallala and to a lesser

DJ

extent at the base of sandstones in the Dockum Group (Brune 1981) Sprmgs

[oN

|schargmg brines derlved from dlssolutron of halite occur in several areas east of the ‘

[¢2)

~ escarpment (Richter and Kreitler, 1986).

eomorphology and Physiography

[en)

T'he study area lies within the S'outhern Higthltains. which are charac,terized by a
flat, low-relief surface partly:covered:'by small.'pla"y‘a -Iake basins B Drainage of the
High Plains is mostly'internal into’these Iake basins. Wrdely separated linear draws
with narrow dralnage basms slope to the east and southeast Adjacent draws do not
share common dralnage divides, but rather are separated by wrde areas- of numerous

playa lake basins.

~ SURFACE AND NEAR-SURFACE
_ STRATIGRAPHIC UNITS

~All' stratigraphic units- cropping out within the constru’cti_on arel'a for the propo's'ed
Amarillo SSC sit.e' are of Cenozoic ‘agev ranging from the Miocene-PIiocene Cgaiiaia
Formatron to modern ﬂuwal eollan and lacustrine (playa) deposrts Small outcrops
of the Triassic Dockum Group are found along Trerra Blanca Creek jUSt north of thls
corridor but within the area‘c-overed by areal geolo-grc .m,apping fo_r thrs_ study
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‘3late 1). The Dockum Group and various Late Cretaceous formations lie at

=

roderate depth beneath the Cenozow cover but are unllkely to be encountered durmg
onstruction of the p‘roposed SSC. A representatrve vertical sequence of Cenozolc, :

units is shown in Figure 1.

gallala Formation

The I\/Iiocene-PIiOcene Ogallala"Formation‘,(Ogallala Group in parts of t‘he Southern
l-ligh ‘Plains) is a complex lithostratigraphic body nearly' coextensive with_vthe Southern
High Plains (vHawIey, 1984).. The Ogallala‘ 'crops out locally within the '-Amarillo SSC

te and underlies the entire areaf(PIate 1 and Figure 1). "This formation constitutes

b

major fresh water aquer throughout most of the regron and is hydrologrcally

annected to Dockum and Cretaceous aqurfer-beanng units in many areas, formrng the

“LF

High Plalns aqurfer (Nativ and »Smith , in press). The Ogallala consists of stacked

fluvial (gravel to silt and rare boulder beds) and eolian (coarseisilt to very fine sand)/

: eposrts contammg numerous paleosols These paleosols generally include one or more

brominent. calcretes ( callches ') at the top and base of the Ogallala section

.uustavson and Holliday, 1985) Throughout the reglon the name ‘‘Caprock calrche

raditlonally has been applred to the most extensive and weII developed calcrete'

L g

Y

ropping out in a glven area or encountered at shallowest depth during drllllng

However, it |sdoubtful that all of these outcrops and well penetratrons constitute
individual occurrences of a single widespread calcrete.  Gustavson and Holliday (1985)

-have shown that two or more promment calcretes (Stage V or VI in theClassification.

roposed by I\/lachette 1985 table 1) are present |n mdlvrdual outcrops and the.
number and stratlgraphlc posrtrons of these calcretes vary from place to place In
addition, calcretes of Stage IV or greater development are found in some outcrops of

he overlying ‘Quaternary Blackwater' D,riaw_Formatlon. For these reasons, neither

|
|
|
|
I
i




Epoch | Stratigraphic units exposed or lying at shallow depth in study area
a
H
g Fluvial sand, clay, Lacustrine clays
Y silt, and gravel and silts (playa
T ) (stream deposits) deposits)
Eolian sand
10Ka | gnd silt ~12.5Ka(?)
(guru; i ) B field Lake Mb —
sheet deposils rownfie g_e__r_.
g Vigo Park Dolomite F;ﬁ::ﬁg"
*3 Rich Lake Mbr.
32 ~ 17 Ka (?)\ dolostone ?
® oo 6
a ~25Ka(?) Double Lakes Fm,
128 Ka ~70Ka(?)
o Blackwater Drow
- 5 Formation
v8 620 Ka Lava Creek -B
© - |
5.2 7 XXXXXXXXIXXX ?
©
a
736 Ko
: Tule
8 Formation
o
»
®
0; Cerro Toledo-X
E ?‘X XXXX? Guoic
w R ?XXXXXX ?
1.6 Ma 1.45 Ma
o®
5.8 23.4 Mo
Qo
soml WEIRFERIIES 12 PAERE T
':CODFOCKCONCHQ
name also applied
10 calcreles in oiher ) B0, v O
stratigraphic positions : $
& 6.6 Ma
[+
©
° Ogallala Formation
i
‘3 Unnamed $ S S $ $
| PTXXXXXX?
~8.1 Ma
1.2 (88884 bpdfdde $E544

EXPLANATION

Fluvial or eolian deposits (generally
deposited continuously over large areas)

]
5

TXX7?

Lacustrine deposits (deposited within
discrete basins)

Volcanic ash; lateral extent or
continuity uncertain

Ka-Thousand yeors
before present

Figure 1.
Texas (adapted from Caran, in press).

Calcrete; either pedogenic or
diagenetic (phreatic)

— -7 Lithostratigraphic boundary (dashed
and queried where loteral extent or
or continuity uncertain)
Lithostratigraphic boundary
(variable age)

Ma- Million years
before present

Cenozoic stratigraphy of the proposed Amarillo area SSC site near Happy.
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"~ Process

Differential compaction

Deflation

Dissolution of evaporites

Buffalo wallows
Caliche karst

Leaching of calcareous soil,
cement, and deflation

Gentle subsidence from downward
piiping of fines, eluviation, and
caliche dissolution

Table 1. Hypotheses on the formation of playa lake basins

Reference .

Johnson (1901)

Gilbert (1895), Patton (1935), Evans and
Meade (1945), Havens (1961). Lotspeich and
others (1971), and Reeves (1972)

Johnson (1901), Baker (1915).. Patton (1935)
[Considered a minor or occasional factor by

~ Evans and Meade (1945). Reeves and Perry

(1969), and Reeves (1972)]

Gould (1907)

Price (1940) and Walker (1978)
Judson (1950) and Havens (1961)

Osterkamp and Wood
Wood and Osterkamp.

1984) and
1984
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“ ¢calcrete horizons nor any other recognized lithostratigraphic rnarker beds can be used

for correlation within the Ogallala sections except on a local basis. = Two unnamed

.y

olcanic ashes (6.6 m.y. and 8.1 [?] m.y. old) have been found in Ogallala sections. in

<

':he'Southern High Plains (Fig; 1). Biostratigraphic ma‘rkers h'ave been used i‘n

elating the relatlve ages of a few sections in. which vertebrate remains have been
found (Schultz 19‘77' Winkler. 1985). However the dlstrlbutron of both

:ephrochronologlc and blostratlgraphrc markers is uneven, and many Ogallala sections

T

annot be reliably subdivided or lnternally correlated

Blackwater Draw Formatlon
Overlymg the Ogallala Formatlon in many sectlons is the early Plerstocene to
Holocene Blackwater Draw Formation v(Hollrday. and Gustavson in press) The

Blackwater Draw is the surﬁcral unit across most of the proposed SSC study area.

Areal extent of the Blackwater Draw is at least as great as that of the Ogallala, and

oth the Ogallala and ngh Plains aqunfe_rs receive significant recharge through the
Blackwater Draw Formation.k’ The Blackwater Draw contains eolian silt to medium

and and i’ncorporates a variable number of stacked paleosols. Vertebrate remains and

Y

other fossils are rare (Schultz in preparatlon) Both'the Lava»VC‘reek—B and Guaje
volcanic ash beds (620 000 and 1 450 000 yr old, respectiveIS/)k haVe been found in‘a
few probable Blackwater Draw seetlons (Fig. 1). Like the underlying .‘O’g_allala '
Formation, the Blackwater Draw in.clud’es well_-developbed calcic horizons and 'calcrete‘s

to Stage IV or greater) at some sites However, the lateral extent of these and other

—

pedostratlgraphrc ‘markers is unknown and there is at _present no rellable ba5|s for '

orrelating most widely separated sections or for subdividing the unit.




Tule Formation

The Early to Middle Pleistocene Tule Formation consists of lacustrine clays, silts,
and sands containing the widespread Lava Creek-B volcanic ash (620.000 yr old) and,
in at least one locality, the Cerro Toledo-X volcanic ash (approximately 1,250,000 yr
old) (Fig. 1). Locally, the Tule and Blackwater Draw Formations appear to
interfinger. Tule Formation sediments accumulated in discrete lacustrine depositional
basins, but both tephrochronologic and biostratigraphic evidence indicates that several
of these basins coexisted across the region (Caran, in press). During field work
connected with the SSC siting study, a previously unreported sequence of lacustrine
deposits (probably correlative with the Tule Formation) was found along Tierra Blanca
Creek ﬁorth of the primary study area. Deposits at this locality include a previously
reported bed of Pearlette family (?) volcanic ash (lzett and Wilcox, 1982, loc. TX24),
possibly the Lava Creek-B ash. Although no exposures or subsurface records of the
Tule Formation were logged in core from drill holes along the corridor of the SSC,

this unit could be encountered at shallow depth during construction.

Double Lakes and Tahéka Formations

Both the Double Lakes and overlying Tahoka Formations consist of Late
Pleistocene noncalcareous to calcareous and gypsiferous clays, sands, and dolostones
(Reeves, in press) (Fig. 1). These formations are exposed or known from drilling at
numerous sites in the southern part of the Southern High Plains. Chronologic control
is afforded by radiocarbon dates and the presence of archeological materials and
diagnostic fossil vertebrates. Neither formation is known to occur in the Amarillo
SSC study area, but Reeves (in press) has noted that the Tahoka and. less
commonly, the Double Lakes are encountered by drilling within the basins of some

existing playas south of this area. Therefore, either or both of these formations



might be found at shallow depth at the proposed Amarillo SSC site but were not

encountered in any of the test holes.

Fluvial, eolian, and lacustrine (playa) deposits

Fluvial deposits of variable thickness and texture line most draws in the study
area. The sand, clay, silt, and gravel composing these deposits include one or more
paleosols, some of which can be used in correlatingv|ocal sections. In most areas,
the fluvial deposits are partly saturated with shallow, perched ground water. Eolian
sands and silts form broad sheets and discrete dunes at the edges of some playas.
Although most are stable and include at least incipient paleosols, there is no clear
basis for correlating individual sections through these eolian deposits. Throughout the
study area, lacustrine clay and silt deposits of similar composition but varying
thickness are found in shallow basins known as playas. The history of playa
development is complex. At many sites, modern playa basins are inset into older
lacustrine deposits, indicating possible genetic cyclicity. Several mechanisms may be
involved in creating and maintaining playas, and many individual playas may be

polygenetic.

Playa Lake Basins

Many investigators have attempted to explain the origin of the numerous, shallow,
generally circular, ephemeral lake basins known as playas. Playas have been a source
of controversy; Table 1 summarizes some of the principal arguments. Most playas
have at least the following characteristics in common: (1) topographic depression
with a low but variable ratio of depth to diameter; (2) internal drainage (unless the
basin margin has been breached by a through-going drainage channel); and

(3) lacustrine fill discretely related to that basin (note, however, that at some sites,

10



playas also form over or through the fills of older, generally larger basins). In almost
all modern playas, sedimentary deposits are aggrading:‘ this indicates that the playa
basins are either being infilled énd will eventually disappear as depressions or that
some concurrent process is operating to cause the basin floor to subside, thereby
allowing for continued filling while maintaining thé playa as a depressionb. Wood and
Osterkamp (1984) recognized a subsidence mechanism contributing to playa
development in the Southern H»igh Plains; They found that Ogallala calcretes
underlying a test playa had undergoné karstifi‘cation. permittiﬁg piping of overburden.
Sediment reaches the playas by eolian transport and by centri‘petal runoff from
drainage basins generally onlby a few times larger in areal extent than the 'playa floor.

~ Some playas lose part of their accumulated sediment, possibly séasonally.
Recognizable eolian deposits are present on the eastern or southeastern. sides of
certain playas in the Southern High Plains, indicating deflation from the basins and
contiguous (lee-side) deposition in either crescentic dunes, broad mounds, or sheets of
sand and silt. The sediment composing these deposits generally is reworked lacustrine
fill, not the older eolian 'deposit‘s (Blackwater Draw Formation) thaf underlie and

surround most playa deposits (Fig. 1).

SALT DISSOLUTION

The Permian upper Seven Rivers and Salado Formations contain the shallowest
bedded salt in the interior Palo Duro Basin. The upper Seven Rivers Formation, the
shallowest salt beneath the SSC proposed site, lies approximately 1.300 ft below the

surface. Thickness maps of the upper Seven Rivers and Salado Formations show that

11




both units thin toward the basin. margins (Gustavson and others, 1980; Gustavson and

Finley, 1985). Thinning may be attributed to both updip facies change and salt

issolution processes. Regional post-depositional dissolution in the interior of the Palo

Duro Basin including the area of the Amarillo SSC site is evidenced by core studies

O

f the collapse breccias and insoluble residues overlying the uppermost salt in 11 wells

o

rilled for the U.S. Department of Energy (Hovorka and others, 1985). Rapid thinning
of the Salado Formation in the southern Palo Duro Basin beneath the extreme
southeastern area of the Amarillo SSC site is indicative of dissolution rather than
facies change (McGillis and Presley. 1981; and DeConto and Murphy, 1986). |

An episode of local dissolution in an area along the Briscoe-Swisher county line

o'

pproximately 35 mi east-southeast of the Amarillo SSC site was interpreted to be
‘[Triassic by DeConto and Murphy (1986) or late Tertiary to early Quaternary by
Gustavson and Budnik (1985). This area of dissolution is overlain by a broad

structural basin filled with lacustrine sediments of the Quaternary Tule Formation. An

area of preferentially thinned upper Seven Rivers Formation has been documentéd in
Deaf Smith, Randall, Parmer, and Castro Counties adjacent to the northwestern
tJnLargin of the proposed Amarillo SSC site (Gustavson and Budnik, 1985). On the

asis of structural, stratigraphic, and geofnorphic data, Gustavson and Budnik (1985)

o 3

ypothesized that dissolution-induced surface subsidence occurred along Tierra Blanca

Creek during late Tertiary or early Quaternary time. During field work connected with

¥

he SSC siting study, a previously unreported sequence of lacustrine beds occupying a

[92)

tructural depression within the valley of Tierra Blanca Creek was recognized. These
sediments contain a bed of Pearlette family (?) ash (late TertiaryaQuatérn'aryv) '
DeConto and Murphy (1986) also addressed the thmnlng of upper Seven Rivers and

rgued against a Tertiary- Quaternary dissolution eplsode

[+
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Numerous Quaternary alkallne Iake basms on the Southern High Plalns ‘south of

[

he proposed site have been related to d|sso|ut|on of underlyrng Permlan salt beds

,(Reeves and Temple. 1986). Alkaline lake basins should not be confused wuth playa

ake basins-. Alkaline lake basins are comm'only an order of magnitude Iar"ger't‘han
~|playa Iake basins . an’d -irregular in shape PIaya Iake basins are nearly crrcular in plan.
No alkaline Iake basms are present in the Amarlllo SSC srte area. |

Playa lake basins have also been attributed to dissolution and s.ubsidence
(Baker. 1915; Gustavson and others, 1980) among other causes (Table 1). Gustavson
“land others (1980) described evidence,of-ﬂ salt ‘d-issolution »‘beneath'two Iarge playa
basins near Pampa, Texa5. ‘appro‘vximately ”90 mi north of the SSC site. 'They» also
described a :largef‘playa‘lake basin in eastern New Mexico that had vno‘e'vidence of salt -
dlssolutron below it. o
Lack of recent surface subsrdence beneath most of the Southern ngh Plams'

uggests that salt dlssolutlon there is inactive or very slow. Data from test wells in

B

salt-drssolutlon zones in Deaf Smlth.r Donley, and Swrsher Counties confirm that
ground’watersi in salt-dfssolution zones move downward from the overlying_ Do_ckum
Group and ,Oga,llala' ,aquifers (Dutton, in | p’ress‘-)‘.} Dutton‘ (in | press).' comparing
alinities of ground Water. conclu‘ded that'vdissolution of the uppérniOst_ salts under,the

Southern High Plains is slow relative to dissolution rates under the Rolling Plains.
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