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for these variables is as great as 0.9, but, individually, the cor
relation between uranium and the variables was no greater 
than 0.3. These elements individually have little significance 
but, taken as a suite, they are related to the uranium miner
alization. Major and minor elements which are also related are 
MgO, CaO, CO2, Fe, and S. The deposit is interpreted as hav
ing been deposited from uraniferous ground waters between 
100 and 200°C, migrating toward paleotopographic lows on 
the east. The uranium is believed to have been derived from 
the leaching of tuffs. 

HALPIN, DAVID, Geotronics Corp., Austin, TX 

Magnetotelluric Exploration—Update 

Exploration for oil, gas, and geothermal resources through 
the use of magnetotellurics has reached an all-time high. Geo
physical exploration in poor or nonseismic areas, coupled with 
increased interpretational capabilities, has made magnetotel
luric exploration a practical tool. The explorationist now has 
an increased capability to explore in areas where geophysical 
data were previously impossible to obtain. Interpretation of 
magnetotelluric data is greatly enhanced through the use of 
new modeling techniques. Case studies demonstrate 
magnetotelluric exploration applications. 

HANDFORD, C. ROBERTSON, Bur. Econ. Geology, Univ. 
Texas, Austin, TX 

Facies Patterns and Depositional Models of Permian Sabkha 
Complex—Red Cave Formation, Texas Panhandle 

The Red Cave Formation (Permian, Leonard Series) in the 
Texas Panhandle consists of cyclic, red-bed clastic and 
carbonate-evaporite members that were deposited in an exten
sive coastal sabkha, desert wadi plain, and a carbonate inner 
shelf which bordered the northern Midland basin. Evaporite 
members were deposited in carbonate-evaporite crustal sab-
khas and clastic members were deposited in mud-rich coastal 
to continental sabkhas. 

North to south, red-bed wadi-plain facies pass into coastal 
sabkha facies and inner-shelf dolomite facies. In a Randall 
County core, vertical sequences commonly include slightly fos-
sihferous, faintly laminated to burrowed dolomitic mudstone 
and pellet wackestone overlain by cross-laminated oolitic or 
pellet packstone to grainstone, followed by algal-laminated 
dolomitic mudstone and nodular anhydrite in dolomite 
matrix. A progradational carbonate shoreline is inferred, with 
supratidal or sabkha evaporite to intertidal algal-mat and 
sand-flat environments passing seaward into a shallow, muddy 
subtidal inner shelf. Mud-rich sabkha sequences culminate 
with red to green mudstone and anhydrite above shoreline car
bonates. Carbonate and evaporite facies pinch out generally 
toward the northwest and northeast into wadi-plain red beds. 
These facies include ripple-drift cross-laminated siltstone and 
sandstone deposited in braided fluvial channels, adhesion-
rippled siltstone, and red to green mudstone deposited in mud-
flat and interchannel environments. Desiccation features, in-
traclasts, root zones, and paleosol horizons attest to subaerial 
exposure and probable nonmarine conditions. 

Large-scale cyclicity of red-bed clastic and carbonate-
evaporite members probably was controlled by the relative 
supply or fluctuating input of elastics to sabkhas by way of 
fluvial systems rather than by absolute sea-level changes. 

Partial modern analogs to Red Cave sabkha depositional 
models are the coastal mud flats and alluvial fans in the north

western Gulf of California, tidal flats and an ephemeral stream 
delta (Wooramel delta) in Gladstone Embayment, Shark Bay, 
Australia, and the Trucial Coast sabkhas in the Persian Gulf. 
Each setting has certain facets that are remarkably similar to 
intepreted paleoenvironments and lithofacies of the Red Cave 
Formation. 

HATTON, KAY S., New Mexico Energy & Minerals Dept., 
Santa Fe, NM 

Geothermal Research and Exploration in New Mexico 

A Department of Energy (DOE)-sponsored evaluation of 
the hydrologic characteristics of New Mexico's low-temper
ature geothermal sites is being conducted. Over 40 areas have 
been designated for possible low-temperature geothermal ap
plication. There are nine areas with estimated temperatures of 
between 100 and lOS'C, and three areas with estimated 
temperatures > 150°C. Eight prospective high-temperature 
geothermal resource areas, where public knowledge of suc
cessful drilling is lacking, were designated for DOE by New 
Mexico researchers. 

Drilling on state and private lands is concentrated in the 
Lightning Dock and Radium Springs KGRA vicinities, west of 
Socorro, east of Las Cruces, east of the Jemez River, and in 
the Baca Loc. 1 KGRA. Drilling on federal land is concen
trated in the Baca Loc. 1, Kilbourne Hole, Radium Springs, 
and Socorro Peak KGRAs. 

Geothermal research at Sandia Laboratories includes: (1) 
successful testing of a high-temperature borehole temperature-
logging instrument, (2) development of an efficient continuous 
chain bit, and (3) continuation of the Magma Energy Research 
Project, which was recently involved in drilling into the 
Kilauea Iki lava lake. 

NMIMT has mapped a large, deep magma body and several 
shallow magma bodies in the crust of the Rio Grande rift near 
Socorro. 

The LASL Hot Dry Rock Geothermal Energy Project has 
yielded promising technical results; researchers are studying 
two out-of-state areas for possible hot dry rock demonstration 
sites: Stumpy Point-Wallops Island in Maryland, and the 
western Snake River Plain in Idaho. 

HENRY, CHRISTOPHER D., and TIMOTHY W. DUEX, 
Bur. Econ. Geology, Univ. Texas, Austin, TX 

Uranium in Diagenesis of Pruett, Duff, and Tascotal Forma
tions, Trans-Pecos, Texas 

The Pruett, Duff, and Tascotal Formations (Eocene-
Oligocene) form a 1-km thick sequence of tuffaceous sediment 
composed, prior to diagenesis, of rock and mineral fragments 
and volcanic glass. Ground-water diagenesis dissolved glass 
and some mineral fragments to produce the following mineral 
assemblages from top to bottom: (1) hydrated glass, (2) 
clinoptilolite-opal, (3) clinoptilolite-quartz, and (4) analcime-
quartz. Calcite and montmorillonite formed early and are 
present throughout the section. The presence of minor 
uranium mineralization in underlying Cretaceous rocks and in 
channel sandstones and lacustrine deposits in tuffaceous 
sediments and the presence of uranium concentrations up to 
100 ppb in present ground water in tuffaceous sediments con
firm that some uranium mobilization has occurred. 

Average uranium concentration increases down section 
reflecting either (1) greater primary abundance in older sedi
ment due either to greater abundance of glass or more U-rich 
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glass or (2) minor enrichment in uranium resulting from 
diagenesis. Whole-rock Th/U ratios average about 2 whereas 
ratios in glass alone are about 3 to 4, implying that a signifi
cant fraction of uranium is contained in relatively Th-poor 
detrital components such as zircon. Th/U ratios in sediments 
do not show any correlation with either stratigraphic position 
or mineralogic zone, implying that no measureable uranium 
depletion has occurred. 

Fission-track maps of glassy sediment show that uranium 
occurs in glass and in high concentrations in zircons and amor
phous iron hydroxides. In altered rocks uranium is enriched in 
amorphous iron hydroxides and is unevenly distributed in 
moderate concentrations through the groundmass associated 
with no distinct mineral. Opal, calcite, clinoptilolite, and 
analcime contain little uranium. This shows that solution of 
glass, including minor etching during hydration, releases uran
ium but most is immediately absorbed by hydroxides. Later 
recrystallization of diagenetic minerals does not mobilize uran
ium. Diagenesis which affected amorphous iron hydroxide 
could mobilize uranium. 

HILLS, JOHN M., Univ. Texas, El Paso, TX 

Tectonics of Western Permian Basin 

The Permian basin of west Texas and southeastern New 
Mexico probably originated in late Precambrian time as a 
shallow geosynclinal trough on the southern edge of the North 
American craton. The extreme southern part of the region 
formed part of a subduction trough. 

By Late Cambrian time the seas in the southern part of the 
trough had advanced over part of the craton, and Paleozoic 
sedimentation began. Perhaps in late Precambrian a north-
facing salient of the trough developed into an aulacogen with 
lateral dextral movement along steep faults in what later 
became the eastern part of the Delaware basin. 

During early and middle Paleozoic time the region was tec-
tonically quiet. However by Middle Mississippian the Precam
brian zones of weakness were reactivated and the Delaware 
and Midland subbasins began to form. At the same time the 
Marathon-Ouachita trough began to deepen. 

In early Middle Pennsylvanian time active tectonism with 
stresses from the northeast formed a small mountain chain 
between the two subbasins, on the site of the Central Basin 
platform. In later Pennsylvanian and Early Permian time 
renewed tectonism resulted in low-angle thrusting of early 
Paleozoic rocks northward from the Marathon trough. At the 
same time there was renewed vertical movement on the ancient 
lateral faults which formed the eastern edge of the Delaware 
basin. 

Middle and Late Permian was a quiet time tectonically with 
the only movement being slight subsidence, probably due to 
differential compaction in the basins. This regime continued 
through the early Mesozoic. By Early Cretaceous, however, a 
major change in paleogeography resulted in an advance of the 
sea over the region which was by then securely welded to the 
craton. 

The area was protected from severe deformation during the 
Laramide orogeny by the beam effect of the Matador and 
Amarillo uplifts on the north and the east-west folds of the 
Marathon belt on the south. Tectonic activity since the early 
Tertiary has been minimal. 

Tectonic style in the Delaware basin is characterized by 
eastward tilt in the Permian and younger rocks. The older 
rocks are folded and cut by steeply dipping faults. The Central 
Basin platform style comprises supertenuous draped structures 
in the younger rocks. These overlie closed folds with steeply 

dipping faults in the older rocks which trend north-northwest. 
The Midland basin contains en echelon faults and extension 
fracturing, reflecting moderate movement. The extreme south
ern part of the Permian basin consists of deep folded troughs 
bounded by thrust faults. The trend of these structures forms a 
large angle with the trends of the Central Basin platform. 

The long interval of tectonic stability in the region since the 
early Permian has undoubtedly contributed to the maturation 
and accumulation of the oil and gas resources of the basin. 

HOFFER, JERRY M.. ROBERT F. ROY, and BRUCE 
TAYLOR, Univ. Texas, El Paso, TX 

Geothermal Anomalies in Western Trans-Pecos Texas 

Several major geothermal anomalies are present in Trans-
Pecos Texas because of warm to hot water springs and wells, 
silica geochemical indicators, and shallow thermal gradient 
measurements. 

Forty-four thermal water (30°C or above) occurrences have 
been located in the area. The largest concentration of thermal 
waters is in southern Hudspeth and western Presidio Counties 
adjacent to the Rio Grande. The thermal waters range from 
slightly fresh to salty; total dissolved solids range from 275 to 
11,500 ppm. Major ions in the high dissolved soUd waters in
clude sodium and chloride. 

As indicated by the silica geothermometer temperatures, 
subsurface waters above 125 °C exist at seven locations in 
northeast El Paso, western and southeastern Jeff Davis, 
western and northern Presidio, and southern Brewster Coun
ties. The areas having highest silica temperatures are (1) west 
of the Hueco Mountains in northeastern El Paso County and 
extending northward into southwestern Otero County, New 
Mexico; here maximum silica temperatures are 151 °C and 
maximum measured water temperatures reach 71 °C; and (2) 
north of Candelaria in western Presidio County where max
imum silica temperatures reach 177°C and maximum 
measured water temperatures are 72°C. 

Geothermal gradients have been measured in over 70 wells 
and boreholes, most of these in Presidio County. Average gra
dient is 77°C/km in the Rio Grande Valley, with 30°C/km in 
the highlands east of the valley; this would seem to reflect the 
possible boundary of the Basin and Range and Great Plains 
tectonic provinces. In addition, a drilling program has been 
underway in northeastern El Paso County to investigate the 
geochemical anomaly west of the Hueco Mountains. Twelve to 
14 holes drilled yielded gradients of over 100°C/km, and two 
of these penetrated the limestone bedrock, where the elevated 
gradients continued to increase with depth. Heat-flow values 
of 9 and 11 HFU were calculated for these latter two holes. On 
the basis of these gradients a geothermal resource may exist 
close to El Paso. 

JACKA, ALONZO D., Texas Tech Univ., Lubbock, TX, and 
SAM THOMPSON, III, New Mexico Bur. Mines & Mineral 
Resources, Socorro, NM 

Deposition and Diagenesis of Horquilla Carbonates, Big Hat
chet Peak Section, Pedregosa Basin 

In the Big Hatchet Peak section the Pennsylvanian-Permian 
(Morrowan to Wolfcampian) Horquilla Formation is 3,230 ft 
(985 m) thick and consists of shallow shelf carbonates which 
accumulated along the outer shelf margin of the Alamo Hueco 
basin. 

The lower Horquilla (Morrowan to Desmoinesian) is 1,363 


