
Announcements
Las Cruces district grows

As a result of the recent merger of the Minerals
Management Service (MMS) and the Bureau of
Land Management (BLM), boundary changes have
been made in the Dstrict Office in New Mexico.
The Jornada Resource Area (Socorro County) has
been consolidated with the San Augustine Re-
source Area (Catron County) to become the So-
corro Resource Area under the Las Cruces District.
The Socorro Resource Area will be headquartered
in Socorro.

SEPM short course
Pattems of sedimentation, diagenesis, and hy-

drocarbon accumulation in Cretaceous rocks of the
Rocky Mountains, a new SEPM short course, will
be offered in Billings, Montana, on September 18,
1983.

Cretaceous strata of the Rocky Mountains are
major reservoir and source rocks for oil and gas,
much of which remains to be discovered and de-
veloped. This oneday course, oqganized and taught
by Dudley D. Rice and Donald L. Gautier (U S.
Geological Survey), will consider the relationship
of resewoir quality, resource evaluation, and ex-
ploration shategy to depositional environment,
thermal maturity, and diagenetic history. Conven-
tional reservoirs will be discussed, but emphasis
will be placed on undiscovered hydrocarbons in
unconventional reservoirs.

Presentation is scheduled for September 18, 1983,
in Billings, Ml adjacent to the 1.983 Annual Meet-
ing of the SEPM and AAPG Rocky Mountain sec-
tions. Tuition, which includes text, refreshments,
and a luncheon, is set at $150.00. For more infor-
mation or reservations, write: SEPM, Continuing
Education Department, P.O. Box 4756, Ttisa, OK
74159; or, phone (918) 743-9765.

Colorado field trip
The Grand Junction Geological Society will hold

an annual field trip to the northern Paradox Basin-
Uncompahgre uplift, October 1.2, 7983. The two-
day trip will cover the area from Grand Junction
to Moab via Unaweep Canyon, Gateway, Castle-
ton-John Brown Canyon road, and the La Sal
Mountains Loop road. The route back to Grand
Junction from the overnight stay in Moab will be
via Potash, Fisher Towers, Dewey Bridge, and either
Cisco and Harley dome or Dolores Triangle and
Glade Park.

A published Guidebook with road logs and per-
tinent articles will be included with the field trip.
For more information and trip registration, please
contact: Bill Chenoweth,707 Brassie Drive, Grand
Junction, CO 81501, phone (303) 242-8621., ext.
352; or Craig Goodknight, Trip Chmn., Bendix Field
Engineering Corp., P.O. Box 1569, Grand Junc-
tion, CO 81502, phone (3O3) 242-8627, ext. 363.

New publications
NMBMMR
rCircnlar 177--4eology and geothermal waters of

Lightning Dock region, Animas Valley and Pyr-
arnid Mountains, Hidalgo County, New Mex-
ico, by W. E. Elston, E. G. Deal, and M. J.
Logsdon, 7983, Mp.,7 tables,26 figs., 1 over-
stze maP $10.00

Mountain, and South Pyramid Peak 7llz-min
quadrangles, which include the Lightning Dock
Known Geothermal Resources Area (KGRA).

*Guidebook-Guidebook for field trip to Abo red
beds (Permian), central and south-central New
Mexico, by Roswell Geological Society and
NMBMMR, 1983,72 p., l map $10.00

+Bibliography-Bibliography and index of New
Mexico geology-references added to GeoRef
database during 1982, American Geological In-
stitute, 1983, 116 p. $5.50

uscs
Geopttvstcel INVEsncATIoNs MAP
GP-0949-Complete Bouguer gravity anomaly map

of the Rio Grande rift, Colorado, New Mexico,
and Texas, by Lindrith Cordell, G. R. Keller, and
T. G. Hildenbrand., 1982, lat 29" to 41" , long 102'
to 109', scale l:1,000,000

AvATLABLE oNLy rHRoucH NTIS, U.S. Dsrr. op
Corravpncs. Spruncrnlo, VA 2216I
PB-.83 102 723--4eologic and well-construction data

for the H-7 borehole complex near the proposed
Waste Isolation Pilot Plant site, southeastem New
Mexico, by S. L. Drellack, Ir., and J. G. Wells,
1982, 30 p. $8.50

PB-83 104 042-Results of hydrologic tests and
water-chemistry analyses, wells H-6A, H-6B,
and H-6C, at the proposed Waste Isolation Pilot
Plant site, southeastern New Medco, by K. F.
Dennehy, 1982,77 p.

Mtscsr-lnNpous FIELD sruDrEs MAps

$11.50

+MF-1037-Geologic map of the Tyrone quadran-
gle, Grant County, New Mexico, by D. C. Hed-
lund,, 1978, lat 32"37'30" to 32"45',long 108' 15'
to 108"22'30", scale 1:24,000

{ Uf-fUl-f-Mineral resource potential map of
the Hells Hole Further Planning Area (RARE II),
Greenlee County, Arizona, and Grant County,
New Mexico, by I. C. Ratt6, J. R. Hassemer, and
R. A. Martin, U.S. Geological Survey, and J. P.
Briggs, U.S. Bureau of Mines, 1982, scale l:62,500

MF-1463-A--4eophysical surveys of the lower San
Francisco Wildemess study area and contiguous
roadless area, Greenlee County, Arizona, and
Catron and Grant Counties, New Mexico, by R.
A. Martin, 1982, scale L:62,500

MF-1464-A-Geologic map of the Manzano Wil-
derness, Valencia and Torrance Counties, New
Medco, by C. H. Maxwell and R. A. Wobus,
1982, scale 1:50,000

MF-1464-B-Geochemical and geophysical maps
of the Manzano Wilderness, Valencia and Tor-
rance Counties, New Mexico, by C. H. Maxwell
and R. A. Wobus, 1982, scale 1:50,000

MF-1506-Geologic map of the Rincon Hondo
quadrangle, Cibola County, New Meico, by M.
W. Mclellan, L. R. Haschke, and L. N. Robin-
son, 7982, lat 34' 37'30" to 34'45', long 108'45'
to 108"52'30", scale 1:24,000

MF-l509-Geologic map of the Moreno Hill quad-
rangle, Cibola and Catron Counties, New Mex-
ico, by M. W. Mclellan, L. R. Haschke, L. N.
Robinson, and E. R. Landis, 1983, lat 3430' to
Y37' W', long 108'45' to 108'52'30', scale 1 :24,000

WATER-REsouRcEs rNvEsrrcATroNS
82-4111-Geologic and well-construction data for

the H-9 borehole complex near the proposed
Waste Isolation Pilot Plant site, southeastem New
Mexico, by S. L. Drellack, Jr. and f. G. Wells,

1982, 32 p., 2 figs., 7 tables, 1 over-size sheet
(in cooperation with DOE)

82-41l8-Geologic and well-construction data for
the H-8 borehole complex near the proposed
Waste Isolation Pilot Plant site, southeastem New
Mexico, by I. C. Wells and S. L. Drellack, Jr.,
1982, 42 p., 2 figs., 7 tables, 1 over-size sheet
(in cooperation with DOE)

U.S. Bureau of Mines
MLA 27-8!-Mineral investigation of the west face

Sacramento Mountains roadless area, Otero
County, New Mexico, by I. p. Briggs, 1983, 17
p., 1 plate (not reproducible)

MLA 33-83-Mineral investigation of an addition
to the White Mountain Wildemess, Lincoln
County, New Mexico, by I. p. Briggs, 1983, 13
p., 1 plate

Foun ConNERS GEoLocIcAL SoCIETY

The Four Corners Geological Society has a
limited number of their publication Oil and gas
ftelds of the Four Corners area, volumes I and II,
still available at the original price of $75 for both
volumes including postage and handling. Pub-
lication of a third volume of the Oil and gas
fields of the Four Corners area (now in prepa-
ration) will undoubtedlv renew interest in the
original publications ani the remaining inven-
tory is expected to move at an accelerated pace.
Those persons interested in obtaining the two-
volume set at the original price should send a
prepaid order to: Four Corners Geological So-
ciety, P.O. Box L501, Durango, CO, 81301.

0pen-file reports
*81-M59-Seismic-refraction data taken in south-

west New Mexico and southeast Arizona, by L.
H. faksha, A. Garcia, and E. E. Tilgner, 19 pp.

t82-0888-Origin of the Mariano Lake uranium
deposit, McKinley Counry New Mexico, by N.
S. Fishman and R. L. Reynolds,56 pp.

*82-09t14-Aeromagnetic map of the west face of
the Sacramento Mountains, New Mexico, 1 over-
size sheet, scale 1:52,500

*82-0952-Aeromagnetic map of parts of Taos and
Colfax Counties, New Mexico, 3 pp., 1 over-
size sheet, scale 1:50,000

*82-095&-Evaluation of breccia pipes in south-
eastem New Mexico and their relation to the
Waste Isolation Pilot Plant (WIPP) site, with a
section on Drill-stem tests, by f . W. Mercer, R. P.
Snyder, and L. M. Gard, |r., 78 pp. , 7 over-size
sheet

*82-0991-Petrographic study of sandstones from
measured sections of the Morrison Formation
and related units, southwestern San Juan Basin,
New Mexico, by L. l. Schmitt, 63 pp.

+82-1013-Water resources of the Zuni Triba] Lands,
McKinley and Cibola Counties, New Mexico, by
B. R. On, 1982,778 pp.,2 ove?srze sheets

*82-1069-Instrumental neutron-activation anal-
yses of Cenozoic volcanic rocks, phenocrysts,
and associated intrusions from the southem
Rocky Mountains and adjacent areas, by P. W.
Lipman, H. R. Bowman, R. IGight, H. T. Mil-
lard,,lr., J. S. Pallister, K. Street, H. Wollenberg,
and R. A. Zielinski, 1982, 1 over-size sheet

*82-1076-Principal facts for gravity stations in the
lower San Francisco and Hells Hole study areas
and vicinity, Greenlee Counly, Arizona, and Ca-

USGS

Covers the geology and geochemistry of Pyr-
amid Peak, Swallow Fork Peak, Table Top
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tron and Gr4nt Counties, New Mexico, by R. A.
Martin, J. C. Wynn, and G. A. Abrams, L982,
1o PP.t&|-2-Geologic references index for the Navaio
Indian Reservation, Arizona, New Mexico, and
Utah, by J. D. Bliss, 1983, 101 pp.

*83-5G-Distribution of trace elements in drilling-
chip samples around a roll-type uranium de-
posit, San fuan Basin, New Mexico, by H. C.
Day, C. S. Spirakis, R. S. Zech, and A. R. Kirk,
1983, 28 pp.

Abstracts
RrctoNan cnouNp-wATER FLow rN SatANpnrs

FonuerroN, Tnxas PANFTANDLE AND EASTERN
Nrw Mnxco, by A. R. Dutton, Bureau of
Economic Geology, The University of Texas
(Austin), Austin, TX, inThe Geological So-
ciety of America, LTth annual meeting of
south-central section, Abstracts with Pro-
grams/ v. L5, no. 1., |anuary 1.983.
Thick San Andres salt deposits in the Palo Duro

Basin are being considered for use as a highJevel
nuclear-waste repository. Dolomite and lirnestone
members of the San Andres Formation (Leonar-
dian to Guadalupian) lie below potential reposi-
tory horizons and may be capable of transmitting
fluid. Most of the recharge to the karstic San Andres
aquifer in eastem New Mexico is discharged to the
Pecos River valley. Brine is discharged from the
San Andres along its outcrop in north-central Texas.
The San Andres is a maior oil reservoir across the
northern shelf of the Midland Basin. Transmissiv-
ity of the San Andres dolomite is low (less than
0.004 m'zlday) in the Palo Duro Basin where eva-
porite cement fills pore spaces. The low-transmis-
sivity region changes the potential direction of
gtound-water flow from eastward in the recharge
zone in New Mexico to southeastward through the
Palo Duro Basin. Eastward flow takes place across
the Midland Basin. Around the periphery of the
Palo Duro Basin, the San Andres contains oerco-
lating meteoric water. Its chemical composition
evolved through solution of limestone and gyp-
sum at shallow depth west of the Pecos River. As
water moves through the salt solution zone be-
tween the Pecos River and the western Caprock
escarpment, total dissolved solids increase to more
than 200 g/L and water approaches saturation with
respect to halite. Total dissolved solids and ap-
parent saturation index for halite decrease to the
south away from the Palo Duro Basin. This change
in water chemistry is coincident with the south-
ward pinchout of evaporite facies.

ImnNanoNal JoURNAL oF CoAL Grolocy,
Er,sEvren Scremrtc PusLrsHNc CoupaNy,
AMsrEnoelr, Tne NETFTEnLANDS, v. 2 (1983),
PP.251.277

Pnruuueny REpoRT oN THE DIFFUSE REFLEcrIvrry oF
sortn Nrw Mnxco coAls, by F. l. Kuellmer, Frank
Kimbler, and lanet Nufer, New Mexico Institute
of Mining and Technology, Socorro, NM

Diffuse reflectivity measurements have been
made on 77 analyzed coal specimens from New
Me1co. Sample preparation is simple and rapid,
involving cryogenic grinding and slight pressure
to pelletize the sample. Using narrow-band inter-
ference filters, di-ffuse reflectivity was measured at
M, 450,503, 518, 546,577, s86; 596, 620, and,660
nm. At 409, 4fi,503, 518, and 577 nm there is a
conelation (equal to or less than -0.73) between
volatile matter and diffuse reflectivity. The diffuse
reflectance spectrum shows two maxima at 620

and 577 nm. The most intense madmum at 620
nm corresponds closely to the color of vitrinite in
transmission. A minimum di-ffuse reflectivity is
found near 450 nm. The range of diffuse reflec-
tance for the studied range of volatile matter ap-
Dears to be 1.25 to 2.4 times as sensitive as would
be obtained if one were to use conventional pol-
ished sections. Diffuse reflectivity measurements
may be a rapid, facile, and equally accurate method
for making petrographic measurements useful in
characterizing coal.

Grorocrcel Socrnrv oF AMERTcA, BurleuN,
v.94, PP. 543-548,2 rrcs., Arrul 1983

Tnn Monnoweu-AroreN (PENNSyLVANTAN)
BOUNDARY PROBLEM, bv P. K. SutherlAnd, Univcr.
sity of Oklahoma, Noiman, OK, and W. L. Man-
ger, University of Arkansas, Fayettevi l le,
Arkansas
Recognition of the Morrowan-Atokan Series

boundary of the Pennsfvanian Subsystem in North
America is complicated by the presence of uncon-
formities succeeded by poorly fossiliferous lith-
ologies at that level in both type regions.
Abandonment of the name Atokan in favor of the
alternatively used name Derryan would not re-
solve the problem. The appearance of the fusiform
fusulinid Profusulinella has been taken to mark the
base of the Atokan Series since its proposal, yet
there is no evidence to support that conclusion. A
competing definition based on the appearance of
the primitive fusulinids Pseudostafella and Eoschu|
ertella seems to define better a boundary that is
consistent with what is known of the Morrowan
and Atokan type regions and of other faunal groups.
A boundary stratotype is needed to fully resolve
the problem.

New Mrxrco Aceonuy oF ScTENCE

The New Mexico Academy of Science met on
October 15, 7982, on the campus of the New Mex-
ico Institute of Mining and Technology. Following
are abstracts from talks conceming geology and
mineral technology in New Mexico.

Pnruuneny aNat-ysts or Ago FoRMATToN N CHAVES
AND DE Bace CouNrIes, NEw MEXIco, by Youssef
l. Abugares, Department of Geological Sciences, Uni-
versity of Texas (El Paso), El Paso, TX
The Abo Formation conformably overlies the Hueco

Umestone (Wolfcampian; Early Perrnian) in Chaves and
De Baca Counties, southeast New Mexico. It is conform-
ably overlain by Yeso Formation (Leonardian; Late Early
Permian) which consists of sandstones, dolomitic lime-
stones, and anhydrite beds. The Abo Formation ranges
in age from Late Wolfcampian to Early Leonardian. The
Abo Formation consists of red mudstones, very fine grained
arkosic sandstones, siltstones, and some anhydrites. It
has a thickness of 422 ft (129 mY879 ft (268 m). The Abo
gradually thins to the south where it forms a gently south-
east dipping homocline. Folding and faulting have been
recorded in the Abo southwest of the area. Preliminary
analysis of the sedimentary structures and petrographic
examination of this section by cores and well cuttings
indicate that the Abo Formation was deposited as a delta
dominated by fluvial action. The delta prograded south-
eastward over tidal flats and the marine shelf. The Abo
sandstone suite is the primary target for natural gas drill-
ing in Chaves and De Baca Counties, New Mexico. The
Federal Energy Regulatory Commission has approved a
tight gas-sand designation for the Abo sandstones. This
designation enables producers of the gas from the Abo
tight sands to receive a higher price per thousand ff
(MCF). The price rise differential is from $2.81 (MCF) to
$4.92 (MCF). Gas production is from lenses and stringers
of sandstones in the uppermemberof theAbo Formation.
It develops as a combination stratitraphic and structural
trap. The average depth of production is 4,500 ft (1,372
m), with an initial potential of 1 million fF per dav
(MMCFPD) to 3 MMCFPD. No reserve calculations ari
available for the area at this time.

Ngw neproranrANs FRoM Lrottenpm Bo rg SpRnrc
LruesroNr, Guaoelupr Moururerus, wEsr TEXAS,
by William C. Cornell, Department of Geological Sci-
ences, University of Texas (El Paso), El Paso, TX
An assemblage of radiolarians, associated with cono-

donts and sponge spicules, has been recovered from an
outcrop of the Bone Spring Limestone in the Guadalupe
Mountains. Quantitatively the assemblage is dominated
by Paronella-type radiolarians. ln addition, albaillellids and
parafollicucullids are corrunon, as are paleoactinommids,
entactiniids, and rotasphaerids. Overall, the assemblage
is an odd mixture of old Paleozoic types (paleoactinom-
mids, entactiniids, rotasphaerids, and albaillellids), dis-
tinctly Permian parafollicucullids, and Mesozoic
paronellids. It also contains rare individuals which may
be early members of the rotaformid (nassallarinid) lin-
eage. If this interpretation can be substantiated, the Bone
Spring specimens will be among the few true nassallar-
ines documented from the Paleozoic.

Onpovtcreru RocKs oF WEBB GAp AREA, NoRTH
FneNrc-ws, Dor.,reAua Counrv, Nrw Mnnco, by
Robert I. Kondelin and Dauid V. ItMone, Department of
Geological Sciences, University of Texas (H Paso), El
Paso, TX, and Kwin Von Finget Environmental Office,
Fort Bliss Military Reservation. Fort Bliss, TX
Two stratigraphic sections of Ordovician System have

been measured in the north FranRin Mountains. These
sections are located in Dof,a Ana County/ New Mexico;
thev are (from north to south): the Fort Bliss Militarv
Reiervation (SWrA sec. 33, T. 25 S., R. 4 E.) and Nortir
Anthony's Nose (SWIL sec. 15, T. 25 S., R. 4 E.). The
Ordovician sequence is partially exposed at the base of
the eastern slope of the range where the beds dip 30-
t(fW. The lithostratigraphic units are (from older to
younger): El Paso Group (McKelligon and Scenic Drive
formations) and the overlying Montoya Group (Upham,
Aleman, and Cutter formations). The lithology of the
McKelligon Formation in the north Franklins is a silty,
laminated dolomite. Fauna observed includes brachio-
pods, pelmatozoans, and nautiloid cephalopods. Chert
nodules and bioturbation are common. The Scenic Drive
Formation consists of a lower sandy member of unfos-
siliferous, oosslaminated, dolomitic sandstones and sandy
dolomites. The upper dolomitic member is fossiliferous,
wavy-laminated, cherty, and contains a distinct cherty
pebble conglomerate. Fossils observed include gastro-
pods, cephalopods, and a few brachiopods. A maior dis-
conformity separates the Scenic Drive Formation from the
overlying basal Upham Formation of the Montoya Group.
The Upham is a massive, dark-weathering dolomite. The
abundant, though poorly preserued fauna of the Upham
includes pelmatozoans, corals, stromatoporoids, cepha-
lopods, gastropods, and the uncertain affinity (?dasycla-
dacean) Receptaculifes. Stylolites are common. The Aleman
Formation contains distinct altemating layers about 7.5
cm (3 inches) thick of black chert and carbonates. The
black cherts are also found in lenses and irregular nod-
ules. Faint laminae and locally abundant fossils are pres-
ent. Adistinct bed of silicified colonialcorals (Paleophyllum
thomi) with brachiopods is found near the top of a less
cherty middle member. The Cutter Formation is a mostly
massive, silty, light-brown-weathering dolomite, contain-
ing a few fossiliferous beds. Fossils include brachiopods,
pelmatozoans, and corals. The Cutter becomes very cherty
near the top of the formation. A major unconformity sep-
arates the Silurian Fusselman Dolomite from the under-
lying Cutter. Thicknesses obtained for the two measured
sections are: 1) Fort Bliss Military Reservation section-
McKelligon 16 m (53 ft), Scenic Drive 53 m (173 ft), Upham
37 m (721ft), Aleman 57 m (787 ft), Cutter 52 m (170 ft);
2) North Anthony's Nose section-McKelligon 3 m (10
ft), ftenic Drive 60 m (797 ft), Upham 36 m (118 ft), Ale-
man 44 m (145 ft), and Cutter 55 m (181 ft). The Ordovician
carbonates were deposited in a shallow, epeiric sea. En-
vironments ranged from shallow subtidal to supratidal in
the case of the El Paso Group. The Montoya Group ap-
parently reflects a deeper, subtidal environment of de
position.

Caruru (Larr Truasuc) MUD MoUND BToHERMs FRoM
WESTERN srOVrrue, NORTFMESTERN YUCOSIAVn,
by Daoid V. kMone, Department of Geological Sci-
ences, University of Texas (El Paso), El Paso, TX, Bojan
Ogorelec, Slovene Geological Suwey, Parmova 33. 61000
Liubljana, Yugoslaia, andDragica Turzsek, Institute for
Paleontology, Slovene Academy of Science, Stari hg 3,
61000 Ljubliana, Yugoslavia IF
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The approximately 1,000-m (3,280-ft) Pseudozilian For-
mation is Carnian (Late Triassic) in age; it is composed
primarily of a sequence of laminated black shales, sand-
stones, and pyroclastics. It is underlain by keratophyres,
diabases, and tuffs assigned to Ladinian (Middle Triassic)
age, and it is overlain by the Baca Dolomite of Norian
(Late Triassic) age. Carnian biohermal mud mounds are
exposed 20 km (13 mi) north-northwest of Idrija, Slovenia
in the upper 300 m (984 ft) of the formation as outlined
by Car, Skaberne, Ogorelec, Turnsek, and Placer in 1981.
The biohemal system has three maior stratigraphic com-
ponents; they are: core, marginal, and peripheral (en-
closing) facies. The biohermal core facies biota includes:
colonial and solitary corals, hydrozoans, foraminifera, bi-
valves, gastropods, echinoderms, skeletal and nonskel-
etal algae, and ichnofauna. The bioherms are interpreted
as being a low energy, baftlestone-bindstone boundstone
rather than a framestone boundstone. The allochemical
components are poorly sorted to unsorted, calciruditic to
calcarenitic material composed of bioclasts, coated grains,
pelloids, intraclasts, oncoliths, and pisoids. The nearly
exclusive micritic matrix has been aggraded to microspar.
The morphology of these mounds with their distinctive
110-55' slopes and stromatactoidlike structures closely re-
semble constructional analogs from such systems as the
Ordovician, Mississippian, Permian, and Jurassic which
have widely variant floral and faunal assemblages. The
Lake Valley Formation (Osage-Early Mississippian or Ear-
liest Carboniferous) "Waulsortian" mud mounds of the
Sacramento Mountains in south-central New Mexico are
particularly comparable to the Carnian mud mounds.

StulcnapHv AND REGIoNAL RELATToNsHIps oF MIS-
srsslPPrAN sysrsv Nonrs FuNrlrN MouNrerNs,
DoNe ANa Courury, sourH-cENTRAL NEw MEKco,
by H. Douglas Madden and Dauid V. LeMone, Depart-
ment of Geological Sciences, University of Texas (El
Paso), El Paso, TX , andlQainVon Flnger, Environmental
Office, Fort Bliss Military Reseruation, Fort Bliss, TX

The Mississippian System of the north Franklin Moun-
tains, Dofra Ana County, New Mexico, consists of basinal
to near-shore facies. Stratigraphic sections were meas-
ured in the north Franklin Mountains at the Doia Ana
Firing Range, Fort Bliss (SEt/r sec. 32, T. 25 S., R. 4 E.)
and at North Anthony's Nose (SW1, sec. 15, T. 26 S., R.
4 E.). The basinal facies is represented by the Las Cruces
(Osage-Meramec) and Rancheria (Meramec) Formations.
These units are sparsely fossiliferous, fine-grained, dark,
dense, thin- to medium-bedded limestones. The Ranch-
eria Formation consists of upper and lower members con-
taining orange-weathering carbonates with cherty layers
and nodules. Laminae and cross-laminae are character-
istic of the basinal facies. Planar cross-laminae indicate a
generally north to south sediment transport. To the north,
in the Bishop Cap Hills and in the SanAndres Mountains
areas, and to the northeast, in the Sacramento Mountains,
the basinal strata thin to an erosional edqe over the older
Lake Valley (Kinderhook-Osage) Format-ion shelf depos-
its. Nearshore facies are represented by the Helms (Ches-
ter) Formation. A lower calcareous shale unit grades into
an upper unit of thin limestone beds alternating with
shales. The upper unit carbonates contain an excellent
fauna and would seem to be indicative of a more near-
shore facies in comparison to the lower shaley units of
the Helms. Oolites, previously reported in the upper beds
of the Heims Forrnation in the north Franklin Mountains
and Bishop Cap Hills, have been recovered in the study
area. The Helms Formation thins out to the north, in the
Bishop Cap Hills area, and may represent a possible
northern shoreline unit or shoaling area in the Late Mis-
sissippian sea.

IllrLunNr-rprluENT SEEpAGE oF Rro GRANDT: 1889-

1980, by Richard A. Marston, Department of Geological
Sciences, University of Texas (El Paso), El Paso, TX

River budget calculations for the Rio Grande through
the El Paso-Juarez Valley reveal the significance of chan-
nei seepage as an inflow-outflow parameter. In all but
eight calendar years between 1889-1980, the Rio Grande
has been an influent sheam, experiencing a net loss of
water to the underlying alluvium. Only in years with a
combination of low main-channel flow, high inigation
consumption, and high valley-floor precipitation has the
rivo experienced a net gain; daims that the onset of healy
ground-water withdrawals in the early 1900's changed
the Rio Grande from an effluent to influent stream are
not substantiated with the data. The loss of river water
by influent seepage has been steadily reduced fuon25%

of total outflows (including irrigation consumption, M &
I withdrawals, and flow leaving the valley at Fort Quit-
man) to less than 9% in recent decades. The reduction of
influent seepage is attributed io rectification of the Rio
Grande channel completed in 1938, to construction of a
subsurface inigation drainage system betlveen 1924-1936,
and to cement lining of the Chamizal Channel in 1968.
Rectification decreased channel length, decreased active
channel width, lowered channel bed elevation, reduced
transpiration by streambank vegetation, and eliminated
overbank ponding areas.

Fussut-tr.raN Dor-ovrrE oF NoRTH FneNrltN
MouNrarNs, DoNe ANe CouNrv, Nrw Mrxco,
by Lloyd McEuers and Dauid V. kMone, Department of
Geological Sciences, University of Texas (El Paso), El
Paso, TX, and Knin Von Fingr, Environmental Office,
Fort Bliss Military Reseruatibn, Fort Bliss, TX

The Earlv to Middle Silurian Fusselnan Dolonite has
been measured and sampled at the southern edge of the
Fort Bliss Military Reseruation, SWr/s sec. 33, T. 25 S., R.
4 E., Dona Ana Countv. New Mexico. Thickness of the
Fusselman at this location totals 150 m A92 ft\. The low-
ermost recognized member is the 75-m (246-ft) Cham-
berino. Vague, discontinuous, waly laminae occur in
several zones of the Chamberino Member. The upper-
most occurences of these zones are wary bedded to
crossbedded and contain subangular intraclasts. The ne-
dial Flag Hil l Member is 35 m (i l5 ft) thick. Distinct sed-
imentary strucfures were not observed in this member.
The uppermost Crazy Cat Member is 40 m (131 ft) thick.
The basal 1.5 m (5 ft) of this member consists of a medium-
to thin-bedded, irregular, nodular dolomite. The remain-
der of the Ctazy Cat Member is massive dolomite. Co-
lonial corals, stromatoporids, and brachiopods are the
dominant invertebrate faunal elements. Small burrows
and digitate algae occur within the middle portion of the
Chamberino Member. A distinct pentamerid brachiopod
zone was obserued at 59 m (195 ft) above the base of the
Chamberino. Crinoids are common in oortions of the
Crazy Cat Member. Nearly all fossils have been sil icif ied
within the Chamberino and Flag Hill members. Second-
ary calcite is the common faunal replacement in the Crazy
Cat Mernber. Dolornitization of the Fusselman has ap-
parently been peruasive. Sil icif ication of fauna is com-
mon. Drusy quartz occurs in vugs and in fracture filling.
Dagenetic processes have largely obliterated the prinary
sedimentary structures as well as fossil morphology.

AN EARLy Cntracrous RUDrsr BrosrRoME SEeUENCE
IN EAsr PorRrLLo MouNrArNs. DoNe ANe Courrv.
Ngw MExtco, by CraigA. Pickens,Departmentof Geo-
logical Sciences, University of Texas (El Paso), El Paso,
TX

A sequence of rudist biostromes are located 1.5 km (1.0
mi) north of the southern end of the East Potrillo Moun-
tains, Dona Ana County, New Mexico. These biostromes
are Middle Albian in age. They occur within the lime-
stones and silty and shaly limestones of the Restless For-
mtion. The biostromes are interpreted as being developed
in a transgressive phase on a relativeiy shallow shelf in
a far back-reef position. The biostromes probably origi-
nated from the coalescing intergrowth of discrete, sepa-
rate rudist centers. This differential growth pattern would
logically produce the observed unit that thins and thick-
ens frequently along its 900-m (2953-ft) exposure. The
maximum thickness of the unit is 6.3 m (20.7 ft), while it
thins to a minimum of 0.4 m (1.3 ft). In addition to swell-
ing and contracting of the unit, it has a central stratigra-
phic pinchout. The biostromes crop out on the eastern
flank of the 32'westward dipping beds of the Restless
Formation in the East Potrillos. The erosion of the dip-
slope exposure of the unit near the stratigraphic pinchout
provides an exceptional, horizontal, planar view of the
unit perpendicular to the east flank vertical exposure.
Four facies have been determined for mapping purposes;
they are: a central caprinid core; a lateral, small rudist
zone; a peripheral Turritella zone; and an outer micrite
facies. All of these facies are clearlv visible on the exposure
of the eroded planar surface.

Srnaucnapnrc NoMENCLATURE oF EAsr PornrLlo
MourvrarNs, DoNA ANA Cour'rrv, NEw Mrroco,
by Darron L. PoweII, Department of Geological Sci-
ences, University of Texas (El Paso), El Paso, TX

The East Potrillo Mountains are located about 30 mi (48
km) west of El Paso, Texas, in Dofra Ana County, New
Mexico. This range contains Permian and Cretaceous se-

ouences which have been deformed by Laramide oro-
genic aciivity. Prior work has been done principally by
Bowers (1960), R. Hoffer (1981., 1982, in press), and Craig
(1972). Bowers in 1960 conelated the Hueco Limestone

in the range and informally named the early Cretaceous
(?; in ascending order): Noria, Little Horse, and Restless
formations. Bowers measured three stratigraphic sections
of which the southern section, at a marble quary, was
considered to be the most complete. R. Hoffer, the most
recent worker, has remeasured 

-Bowers'southern 
section.

The individual selection of stratigraphic boundaries of the
formations differ between Bowers and Hoffer. One critical
oroblem that should be resolved is the profound uncon-
iomiry between the Hueco (Early Pemiin)and the Noria
(Early Cretaceous). Bowers considers the unit in question,
a 10{t (3-m) cherty, limestone rudstone, to represent the
basal conglomerate of the Cretaceous. Conversely, Hoffer
interprets the unit as residual Pemian material. Hoffer,
also, has obserued and recorded an additional 1,50 ft (46
m) of the Hueco. The Little Horse-Noria contact is an-
other source of variant opinion between Hoffer and Bow-
ers. The selection of the contact may be influenced by the
fact that Bowers interpreted the lithologies of the covered
interuals, while Hoffer did not. The contact between the
carbonates of the top of the Little Horse and the base of
the Restless present no interpretative difficulties between
Hoffer and Bowers as they both agree on the precise po-
sition. Details of interpretation and the selection of in-
dividual critical lithic units show some variation between
the descdptions of Hoffer and Bowers. Microfacies anal-
ysis, now-in progress, should help to resolve the major
boundary problems currently existing between the pd-
rnary authors. It should also establish or negate the con-
cept of rydicity, develop ufilizable data for paleogeographic
reconstructions, and establish a more precise chronology
and biozonation for the Pemian and Cretaceous se-
quences.

PntuuNany EVALUATIoN oF FACIES MoDEL ANALYSIS

oF FoRT HANcocK AND CAMP Rtcr FonverloNs:

WEST TEXAS AND SOUTH-CENTRAL NEW MIXICO, bY
Robert Riley, Department of Geological Sciences, Uni-
versity of Texas (El Paso), El Paso, TX

The Camo Rice and Fort Hancock Formations are nor-
mally considered to be the upper units of the Santa Fe
Group in the Hueco and Mesilla bolsons of west Texas
and rcuth-central New Mexico. These lithostratigraphic
units are also extended into Bolson de los Muertos in
northern Chihuahua. There is a cunent conflict of inter-
pretation as to the depositional settings that were de-
veloped within the two fomtions. W. S. Strain designated
the ?ormations and established their type section;. His
studies indicate that the Fort Hancock Formation was a
lacustrine deposit which was overlain and partiallv in-
cised bv the fluvial Camp Rice Formation. The CampRice
has be6n further subdivided into lower and upper mem-
bers. On the basis of measured sections and sieve anal-
yses, Willingham interpreted the Fort Hancock Formation
sequence to be composed of two distinct lithofacies; they
are: a lower floodplain unit and an upper fluvial channel
unit. He has postulated that the Camp Rice Formation is
comoosed of two lithofacies, a lower fluvial channel facies
andln upper floodplain facies. He has placed the base
of the Camp Rice at a lower position in the section than
Strain. Work on the Fort Hancock and Camp Rice For-
mations, based on a facies model analysis, as described
by Walker (1979), is now in progress. The purpose of this
approach is to attempt to test both prior author conclu-
sions on the near recent geologic history of the region.
This study should enable the reasonable interpretation of
the paleodepositional settings of the formations and their
geomorphologic (climatic, tectonic) implications, and es-
tablish the position of the Fort Hancock-Camp Rice
boundary.

Stnerrcnepgv oF PENNsyLvANhN SYSTEM, NoRTH

FnaNn;u MouNratts, DoNA ANA Couvrv, New
Mrxrco, bv Robert C. Roark and Dnttitl V. LeMone, De-
partment oi Geological Sciences, University of Texas
(El Paso), El Paso, TX, and Keoin Von Finger, Environ-
mental Office, Fort Bliss Military Resewation, Fort Bliss,
TX
The northem ridge of the north Franklin Mountains in

Doia Ana County, south-central New Mexjco, is capped
for the most part by the cliff-forming La Tuna Formation
and lower Dortions of the Berino Formation. The La Tuna
(Morrow-Atokan) and lower Berino (Atokan-(?)Des
Moines) are well exposed in this area. Both formations
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have stratotypes in Vinton Canyon (approximately 7 mi
(11 km) south of the study area). In Vinton Canyon the
La Tuna is approximately 500 ft (152 m) thick, and the
Berino is approximately 510 ft (154 m) thick. This se-
quence thins toward the north to the Bishop Cap Hills
where the La Tuna is approximately 265 ft (81m) thick.
At Anthony Gap the Berino Formation is approximately
470 ft (1,43 m) thick. The La Tuna Formation ranges from
3Mf I ( '105  m)  to42b f t  (130 m)  in  the  s tudy  area .  The rop
of the Berino Formation is not exposed. The La Tuna
Fomation consists of a lower, massive, cliff-forminq lime-
stone and an upper portion of thin- to medium-bidded
limestones interbedded with shales which typicatly fom
covered intervals. Black chert nodules and layers are ob-
serued throuqhout most of the formation. The La Tuna
is highly fossiliferous, containing brachiopods, crinoids,
solitary corals, Chnetetes, algae, fusulinids, bryozoa, other
foramini{era, gastropods, and colonial corals. The Berino
of the study area forms a dip slope consisting of alter-
nating layers of thin- to medium-bedded limestones and
covered intervals interpreted to be shales. Chert nodules
and layers are observed throughout this formation. Fos-
sils recorded in the Berino include: brachiopods, crinoids,
bryozoa, algae, solitary corals, cephalopods, gasfropods.
fusulinids, other foraminifera, and trilobites.

PnguuNany ANALysIs: PgNNsyLvANmN srRATIGRAptry
OF RoBLEDo MoUNTAINS, DoNA ANA CoUN'TY, NEW
MEXICO, by Timothy |. Roepke, Department of Geoiog-
ical Sciences, University of Texas (El Paso), El Paso, TX

The Robledo Mountains, which lie northwest of Las
Cruces, contain a well-exposed section of Pennsylvanian
strata. The Pennsylvanian crops out only in the northem
portion of the range and has a measured thickness of 555
ft (200 m). The remeasured basal Denyan (Atokan) units
are typically 15-25 ft (5-8 m), dark, silty cherty limestones
that alternate with thin, dark shales. The Derryan directly
overlies a Tertiary rhyolite sil l . It seems reisonable to
presume that the sill has assimilated parts of the Paleozoic
section. If this is a valid assumption, the basal Derrvan
beds described most logically would be only remnanti of
a thicker, more complete Derryan sequence. The over-
lying Desmonesian beds are approximately 220 ft (67 m)
thick. They are ledge-forming, dark, cherty limestones
with interbeds of gray, calcareous shales in the basal por-
tions. The Missourian strata are on the order of200 ft (61
m) thick. This sequence is dominated by nodular, slope-
forming limestones which are interbedded with brown-
ish-gray shales. The massive Virgillian units are about 210
ft (6a m) thick. This sequence is typically a noncherty
limestone cliff that is underlain bv nodular limestones and
calcareous shales, and overlain by massive, noncherty
limestones altematinS with nodular, steplike, thin-bed-
ded limestones. Initial carbonate petrography of these
Pennsylvanian rocks suggests a shallow, relatively stable
Robledo shelf on the northwestern margin of the Oro-
grande Basin. The sequence probably reieived l itt le sig-
nificant clastic materials from the Florida Islands axis to
the west. No contribution of clastics orieinates from the
then active Pedemal landmass as it l ies to the east of the
Robledo shelf across the Orogrande Basin.

PnrurvrrNJeny nspoRT oN CenaoNerr HnL LtMEsroNE
(ArrraN) oF CENTRAL PELoNCTLLo MouNTArNs, Ht-
DALGo CoUNTy, New MExrco, by Michael Sandidge,
Department of Ceologica I Sciences, University of Teias
(El Paso), El Paso, TX

The Cretaceous System represented in ihe central Pe-
loncillo Mountains of southwestern New Mexico is re-
skicted to middle Cretaceous sedimenLarv rock units; thev
are (in ascending order): McGhee Peai<, Conglomerate,
Carbonate Hill Limestone, Still Ridge Formation, Johnny
Bull Sandstone, and a Late Cretaceous volcanic sequence.
This preliminary report wil l concentrate on the Carbonal.e
Hill Limestone only. Two conplete sections were meas-
ured, one located in the SErA sec. 28, T. 25 S., R. 21 W.,
and the other located in the NWIA sec. 26, T. 25 S., R.
21 W., and NEIA sec.27,T.25 S., R. 21 W. The first section
measured 194 ft (59 m) in thickness, whereas the second
section measured 214 ft (65 m) in thickness. The Carbon-
ate Hill Limestone lithologies primarily consist of thin-
to medium-bedded, medium- to coarse-grained sandy
limestone that weathers medium grav to medium brown.
The overall color on a fresh surficJ is medium to dark
gray. Thin conglomeritic beds of small subangular black
chert and limestone pebbles are observed near the base
of the unit. A few thin beds of calcareous sandstone occur
near the top of the unit. The Carbonate Hill Limestone

is represented by a diverse faunal assemblage. Some lime-
stone beds are composed almost entirely of medium to
large Ostrea and Pecten shells that crop out with a unique
clastic texture. Turritelloid-type gastropods are also quite
abundant throughout the unit. Internal molds of am-
monites occur in the more sandy beds of the unit. The
ammonite molds appear to be similar to those observed
in the Oyster Limestone Member of the U-Bar Formation
in the Big Hatchet Mountains located some 50 mi (95 km)
to the southeast.

PTnvnw INVERTEBRATE FAUNA oF Husco CeNyoN
FonlmloN, Jezulla MouNrArNS, OrERo CouNry,
Nrw Mlxco, by Ronald D. Simpson and Daaid V.
LeMone, Department of Geological Sciences, University
of Texas (El Paso), El Paso, TX

The Jarilla Mountains are a small range of hills in the
Tularosa Basin of Otero Countv. south-cintral New Mex-
ico, which contain Early Permian (Wolfcampian) rocks.
The exposed Permian strata are observed in the northern
and eastem portions of the range as the Laborcita (lower)
and Hueco (upper) formations. The Hueco Fomation
overlies the Early Wolfcampian Laborcita Formation with-
out apparent unconfornity. The Hueco is predominantly
a gray to dark gray, medium-bedded, fossiliferous car-
bonate section with some beds of calcareous siltstones
and siltv shale in the medial portion of the formation. The
approrjmately 1,000-ft (305-m) unit ranges from Middle
to Late Wolfcampian in age. Additional literature citations
of the invertebrate {auna include: Fusulinida Ozwainella
huecoensis Dunbar and Skinner; Porifera-Weuokella (TaI-
paspongin) claoata (R. H. King); Coelenterata-Syringopora
sp.; Bryozoa-Tabulipora sp., Polypora sp.; Brachiopoda-
Enteletes costellatus Cooper and Grant, Derbyia sp., Nu-
dauris transoersa Cooper and Grant, Dasysaria sp. , Pontisia

franklinensis Cooper and Grant, Cruritltyris sp., Composita
cracens Cooper and Grant, Dielasms sp.; Gastropoda-Bel-
lerophon sp., Omphalo trochus obtusispira (Shumard), 5f ra-
parollus (Euomphnlus) Cornudanus (Shumard), Meekospira
sp.; Cephalopoda-Mooreoctras sp., an unidentifiable small,
si l icif ied ammonoid; Scaphopoda-Plagioglypta catlna
(White); Bivalvia-Streblopteria (Streblochondria) sp., Auicu-
Iopinna peracuta (Shumard), Septimyalina sp. and Echinoi-
dea-Archaeocid.ails plates and spines. The fauna most closely
resernbles the Hueco Canvon Formation of the Hueco
Group of the Hueco and Fianklin Mountains, Texas, and
is tentatively correlated to this sequence.

Npw Mrxrco TEcn
Gnaouarr Rssnancn CoNrrRENcr

This year the 4th annual New Mexico Tech Grad-
uate Student Association Geoscience Research
Conference met in coniunction with the New Mex-
ico Geological Society spring meeting. The meet-
ing took place April 29, 1983; following are abstracts
of taiks presented during the conference.

Geolocy AND JorNT rATTERN sruDy oF Tun<Ey
MouNrans, Mona CouNry, Ntw Mlxco, by T.
L. Boyd and I. A. Campbell, Departmenl. of Geoscienies,
West Texas State University, Canyon, TX
The Turkey Mountains, a northeasterly trending

breached anticline, are in the southern Raton Basin,
northeaste(n New Mexico. Strata exposed include rocks
of Upper Triassic to Upper Cretaceous age. Late Tertiary
and Quaternary volcanic rocks of the Ocate volcanic field
occur along the north, east, and southeast flanks of the
mountains. The Turkey Mountain anticline was probably
produced by a late Tertiary (?) intrusion which is not
exposed at the surface, but has been penetrated by a drill
hole near the crest of the anticline. Northerly trending,
alkaline lamprophyre dikes occur in the Turkey Moun-
tains and are probably associated with the Tertiary (?)
intrusion that underlies the anticline. A potassium-argon
date of 15,5 + 0.7 m.y. on biotite from one of the dikes
indicates that emplacement of the dikes occurred during
Miocene time. A study of systematic ioints in the Dakota
Sandstone (Cretaceous), which encircles the range and
has been deformed by the uplift, was underl.aken in an
effott to determine the deformative stress field that oro-
duced the uplift. The primary systematic joints in the
Dakota Sandstone comprise a set with a mean vector of
N. 20'W. A secondary set, approximately orthogonal to
the primily set, was obsewed but is not systematic, based
on the statistical techniques used in this study. The sys-
tematic set appears to be associated with a regional pat-

tem tlmt predates the local uplif! therefore, no relationship
appears to exist between the systematic joint pattern in
the Dakota Sandstone and the stress field that produced

the uplift.

Locel cgovacNETlc ANoMALIES IN ALLUVTAL FANS

oF SANDTA MouNTArNs, Nlw Mrxco, by C. R. Brad-
Iey and, K. D. Mahrer, Department of Ceology, Univer-
sity of New Mexico, Albuquerque, NM

A land-based geomagnetic survey was conducted over
an alluvial fan complex at the northwestern end of the
Sandia Mountains on the eastem border of the Rio Grande
rift. Local iotal-field magnetic anomalies were found. These
anomalies corespond to the topographic relief associated
with the maior arroyos draining the fan. Running data
lines perpendicular to the drainage direction gave data
that show magnetic hi8hs near the arroyo edges and mag-
netic lows in the channel bottom. The data ranee of these
anomal ies  was as  grea t  as  200 gammas,  wh i lehax imum
background noise was under 30 gammas. These anom-
alies were modeled using a "Talwani" (magnetics) com-
puter code. The computer-generated data agreed extremely
weII with the measured field data. The model found that
the anomalies were due to the missing material repre-
sented by the cross sectional area of the anoyo (i.e., NRM
of the fan) and were not due to the surficial deposits (i.e.,
healy minerals) in the main channel of the arroyo. Fur-
ther analysis of the data/model shows a correspondence
between downfan location and strength of magnetiza-
tion. Variation of the deposition environment (i.e., de-
creasing flow regime downfan) is believed to account for
this magnetization variation. In retrospect, land-based
magnetic surveying has been found to be a tool in de-
termining depositional character.

GEocnnoNot-oclc STLIDIES oF GRANITES AND META-
MORPHTC ROCKS, SANDTA MOUNr.a.rNS, by D. G.
Brookins and, A. Mujumdar, Department of Geology,
University of New Mexico, Albuquerque, NM

Several geochronologic studies have been catried out
on Precambrian rocks from the Sandia Mountains. Early
studies, summarized by Brookins (1972), showed U-Pb,
Th-Pb and Rb-Sr ages ranging from 1.47 to 1 BYBP, with
a best estimate of 1.45 BYBP (error uncertain). More recent
studies by the writers (DGB; DGB and AM) confirm that
many of the granitic rocks crystallized at 1,.44 + .04 BYBR
based on a 23 data Rb-Sr whole-rock isochron. In addi-
tion, detailed study of biotites from nine granite samples
yields Rb-Sr ages of 1.33 + 0.005 BYBR which we inter-
pret as a low-grade thermal event affecting the granite at
this time. This date is consistent with K-Ar mineral aqes
of muscovites from the metamorphic rocks of the Juan
Tabo Series as well as from pegmatite minerals. Earlier
work by Taggart and Brookins (1975) yielded a Rb-Sr
whole rock age of 1.50 + 0.08 BYBP for gneisses of the
Cibola Gneiss. We here report the first attempts at dating
the Juan Tabo Series by the Rb-Sr whole-rock method,
with an age of 1..52 + 0.07 BYBP. In addition, folded
pegmatites from the Rincon area of the Sandia Mountains
yield an age of 1,.47 + 0.12 BYBP We also have investi-
gated the proposed division of the Sandia granite into
northern and southern plutons (Condie and Budding,
1979). Our chemical, geochronologic, petrographic, and
field work do not support such a division of the Sandia
granite. However, Rb-Sr whole-rock studies do suggest
a younger granite in the Juan Tabo-La Cueva picnic areas
of about 1.38 BYBP based on whole-rock Rb-Sr analvses.
which may possibly be correlated with the suggestion by
Berkley and Callender (1979) that there were several pulses
of granite formation on the northern part of the Sandia
Mountains.

Grocnnotvot-oclc sruDy oF EVApoRrrEs, sourH-
EASTERN NEw MExtcO, by D. G . Brookins, Department
of Geology, University of New Mexico, Albuquerque,
NM
Evaporite minerals from southeastem New Mexico have

not been previously extensively studied by geochrono-
logic methods. The miter (Brookins, 1981) has summa-
rized the earlier work of Schilling (7973), kemba (1971),
Register and Brookins (1980), and Brookins and others
(1980). Based on this earlier work, several important con-
clusions were reached:1) Primary evaporite minerals,
including polyhalite, langbeinite, and sylvite, yield Rb-
Sr mineral and K-Ar (except for sylvite) mineral ages of
200-230 MYBR which is interpreted as either a forma-
tional or diagenetic age. 2) Sylvites yield K-Ar ages frg
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a few MYBPto 180 MYBR and the amount of age lowering
is random for this method. 3) Clay minerals from a Pleis-
tocene rubble chimney are detrital as evidenced by scat-
tered Rb-Sr ages in the range of 330-400 MYBP. 4) Evaporite
mineral systematics in the vicinity of a 34 MYBP lampro-
phyre dilie are reset within one meter of the contact with
the dike. 5) No direct evidence for major tectonic or other
events affecting Rb-Sr and K-Ar mineral systematics be-
tween about 200 and 34 MYBP has been noted. We have
now expanded our research to include svstematic studv
of othei evaporite minerals, as well as'to continue to
compile data on minerals studied earlier. New langbeinite
analyses (n=4) yield K-Ar and Rb-Sr dates from 178 to
215 MYBP, while new sylvite K-Ar and Rb-Sr dates (n:3)
range from 176 to 190 MYBP Kieserite, due to its high
water content, is difficult to analyze by the K-Ar method,
as is leonite, and these minerals yield K-Ar appdent
dates of 100 and 13 MYBP respectively. Yet Rb-Sr study
of these minerals yields dates from 110 to 240 MYBR
showing that the Rb-Sr systematics are less affected than
K-Ar systematics. An impure mixture of magnesite and
talc, mixed with sylvite (180 MYBP), yields an anoma-
lously high K-Ar date of 297 MYBP and a Rb-Sr date o{
183 MYBP. It is interesting to note that the excess Ar in
the carbonate-silicate mix can be explained by incorpo-
ration of that proposed to have been lost from the sylvite
with which it is mixed. In support of emlier work, no
geochronological evidence for thermal or other events
disturbing the evaporites between near 200 MYBP to 34
MYBP is noted.

TtN utNrnalz.nrroN rN TAyLoR Cnelr Rrryourr,
Bracx RaNcB, NEw MEXIco, by Ted L. Eggleston and
Dauid I. Norman, Department of Geoscience, New Mex-
ico Institute of Mining and Technology, Socorro, NM
Two periods of alteration and possible mineralization

have been defined in the north-central Black Range of
New Mexico. Tin as cassiterite and wood tin occurs with
specular hematite in veins hosted by Tertiary rhyolite lava
domes and flows. The hostrock, the Taylor Creek Rhyo
lite, is a high-silica (76-78Vo SiO), high-potassium (4-6%
XlrO), and high-fluorine (as much as 5,000 pprn) rhyolite.
The Taylor Creek Rhyolite is part of a biomodal assem-
blage of basaltic andesitic flows and high silica lavas and
ash-flow tuffs erupted 22 to 28 m.y. ago. The volcanic
rocks underlying the Taylor Creek Rhyolite are domi-
nantly felsic ash-flow tufis and mafic lava flows. Mafic
lava flows, felsic ash-flow tuffs, and basin-filling sedi-
mentarv rocks overlie the Tavlor Creek. Mineralization is
restrict6d to the Taylor Cree(Rhyolite as is the alteration,
suSSesting a genetic and temporal relationship. The min-
eralization consists of discontinuous hematite-cassitedte
veins with minor wood tin, quartz fluorite, and cristo-
balite. Locallv, hematite and cassiterite are disseminated
through the-host rock. Preliminaty LEO/16O determina-
tions suggest that the fluids responsible for the alteration
were cool magmatic water or eroiched meteoric water.
Alteration ranging from propyllitic to quartz-sericite ac-
companies a group of rhyolite porphyry intrusives near
the crest of the Black Range. Pyrite is locally present in
the quartz-sericitic alteration. The intensity of the alter-
ation inqeases toward the intrusives and has been noted
2-3 km from them. The age of these intrusives is un-
known. but they intrude and alter rocks that are about
2428 m.y. old. As with the Taylor Creek alteration, pre-
liminary 180/160 detenninations suggest cool magmatic
water or enriched meteoric water.

Srnrus REpoRT oN EpTTHERMAL GoLD-srLVER
EXPLoRATIoN/ by PauI l. Eimon, Pioneer Nuclear, Inc.,
Amarillo, TX
Current economic conditions have made epitherma.l or

'bonarua" gold-silver deposits attractive exploration tar-
gets. The emphasis on exploration for such deposits has
given impetus to: 1) resurgence in research on the epi-
thermal model, 2) intensive investigations of the geo-
chernistty of active hot springs environments, and 3) the
application of new exploration techniques in fossil geo-
thermal zones. While research and exploration have put
certain epithermal models in focus, understanding the
processes of deposition is, the author believes, even more
critical in finding gold and silver bonanzas. Zoning---of
alteration, vein mineralogy, temperature of deposition,
metal content, and trace element values as related to
structure and host rock formations-is sucial. Under-
standing zoning provides "road signs" to ore. Notable
recent epithermal discoveries include Homestake's
Mclaughlin deposit in northem Califomia and St. Joe's

El Indio deposit in Chile. Known epithermal districts
throughout the world are being scientifically re-examined
in the light of newly developed and developing knowl-
edge of the epithermal model and depositional processes.
Examples are expansion of gold production at the Ver-
espatak mine in Transvlvania and of development of new
hilh-grade silver ore at Fresnillo and Taxio in Mexico.
Exploration for epithermal deposits in New Mexico is in-
creasing. Notable epithermal deposits of New Mexjco and
southeast Arizona indude Mogollon and the Common-
wealth mine in southeast Arizdna.

Trcroxtc MAp oF Trxes-A pRocREss REpoRT, bv
T. E. Ewing, C. D. Hmry, M. P. A. lac:raon, C. M. wood-
ruff, Ir., A. G. Goldstein, and /. R. Garrison, Bureau of
Economic Geology, The University of Texas (Austin),
Austin, TX
The Bureau of Economic Geology is compi.ling a new

tectonic map of Texas-a detailed, up-to-date display at
1:700,000 of surface and subsurface structural history for
the entire state and adjoining areas of New Mexico, Okla-
homa, Mexico, and the continental shelf and slope. This
is the first comprehensive structural mapping of Texas
since E. H. Sellards' "Structural Map of Texas" some 40
yrs ago. A companion illustrated teit also is being com-
piled to systematically describe and synthesize the tec-
tonic evolution of the state from Proterozoic to Recent.
Deformed lirecambrian crust is exposed in the Llano uplift
and in westem trans-Pecos Texas. It is subdivided by the
tectonic setting of the sedirnentary rocks and by the tim-
ing of inkusion and deformation. The late Paleozoic ba-
sins and the intervening fault-bounded basement uPlifts
of west Texas are shown by 200-m and 100-m contours
on the top of Precambrian or the top of Ellenburger, de-
pending on the nature of well control. The principal fea-
tures of the buied Ouachita overthrust belt are displayed,
along with a more detailed rendition of the exposed
Ouachita rocks in the Marathon region. The East Texas,
Maverick, and Sabinas Basins and the inner Gulf Coastal
Plain are shown by contours on the Edwards Limestone
and the Austin Chalki {eatures due to salt tectonism, Srowth
faulting, and Cordilleran deformation are Prominent.
Seaward of the Cretaceous shelf margin, the growth-fault
trends of the Gulf Coast are shown with contours on the
Tertiary formations most affected. Available offshore data
have been integnted to provide a picture of the shelf
slope, and a corner of the Sigsbee abyssal plain. In the
multiply deformed trans-Pecos region, the surface
expressions of structures related to Laramide folding and
thrusting, middle Tertiary volcanism. and Miocene to Re-
cent basin-and-range faulting are shown, in addition to
the Precambrian and OuachitaMarathon structures where
exposed. The final edition will be multicolor, with colors
emphasizing subsurface contour horizons and depths,
tectonic units in deformed or volcanic areas, salt domes,
igneous bodies, faults, and axial traces of folds. Faults
will be identified, where possible, by their age. Inset maps
will include basement age and lithology, gravity, mag-
netics, and topography. The map and text will provide a
valuable summary of Texas structural geology and sug-
gest new approaches to the search for energy resources.

Pnruvruanv BAsrN ANALysrs oF PICTURED CUFFS ro
OJo Auvo sEeuENcE rN wEsrERN AND sot-rrHERN
Ser fuar Besn, Nnw MrxlCo,by AdrianHunt,New
Mexico Bureau of Mines and Mineral Resources, So-
cono, NM
Coastal environments of the Pictured Cliffs Sea were

from northwest to southeast, deltaic, barrier shoreline,
and tidal flat. The maior source area was southeastern
Arizona. The shoreline trend was northwest-southeast,
but a major deflection occurred during Didymoceras chey-
ennense time, reflecting the beginning of a volcanic uPlift
in southwestem Colorado. This new uplift started con-
tributing sediment to the basin in upper Fruitland time,
in the northwest of the area in the form of airfall ash,
and during Kirtland time became the dominant source
area. The Farmington Sandstone is a clastic wedge of
braided stream material eroding this uplift. The Animas
Formation represents the final erosion of this highland,
producing rhyolitic and andesitic debris. This highland
is now only represented by a few laccoliths, and the Ci-
manon Ridge Formation. The Qo Alamo Sandstone also
derives from this uplift. The unconformity at the bas€ of
the Ojo Alamo is not angular, evidenced by depositional
thinning from northwest to southeast, intraformational
unconformities in the Fruitland-Kirtland in the southeast
and subcontinuity of a volcanic-rich facies, locally termed

the Naashoibito, from Farmington to Cuba. The hiatus
reDresented bv the unconformity is of short temporal du-
raiion. In the northwest of the irea, there is an upward-
coarsening sequence from suspended load-mixed load-
bed load streams from Fruitland to Ojo Alamo, reflecting
increased erosion of an active tectonic high. Virtually all
pre-Naashoibito vertebrate fossils are resFicted to uPPer
ielta plainJower alluvial plain facies behind the maJor
delta in the northwest of the area.

Sn-vnn-ucrcl-coBALT-uRANItlM MINERALzAIoN AND
ASSOCIATED ALTERATION IN BLACK HNWT DSTNTST,
Gnevr CouNrv, Nrw Mnxco, by Kathleen E. lohn-
soz, Albuquerque, NM

The Black Hawk district of southwestem New Mexico
contains veins of the Ag-Ni-Co-U type. Mineralization
consists of native silver, nickel, and cobalt arsenides and
sulpharsenides in carbonate gangue. The sequence of ore
mineralization is pitchblende-native silver-Ni and Co ar-
senides and sulfharsenides-sulfides. The sequence of
gangue mineralization is calcite-siderite-ankerite-rho-
dochrosite. These sequences are interpreted to indicate
decreasing oxygen fugaciry and constant, low tempera-
tures. Intermediate argillic alteration developed next to
the veins suggests H+ metasomatism adjacent to the veins,
while the development of propylitic alteration farther away
indicates that CO2 metasomatism is more significant out
into the wall-rock. This corresponds to acidic conditions
in the fluids, and increasing pH out into the wall rocks.
The veins are inferred to have formed as a result of the
intmsion of a dioritic porphyry stock into a volcanic/sed-
imentary rock sequence. Thermal convection of meteoric
waters, probably mixed with a magmatic component,
leached ore elements from the country rocks, and reaction
of the ovidized fluids with reducing wall rocks initiated
the precipitation of the veins.

PRoTERozolc ptllow BASALTS AND PILLow BRrcclAs
FRoM PECOS GNTENSTONE BELT, SANGRE DE CRISTO
MouNTATNS, NoRTH-cENTRAL NEw MEruco, by In-
grid Klidl andlames M. Robertson, New Mexico Bureau
6f Mines and Mineral Resources, Socono, NM

Metabasalts (now amphibolites) with well-Preserued
pillow structures occur within an extensive early Proter-
ozoic (1.68-1.72 b.y.) compositionally bimodal volcanic
tenane in the southem Sangre de Cristo Mountains of
north-central New Mexico, and represent the first well-
documented occurence of such structures in the Precam-
brian of New Mexico. Narrow, arcuate selvages define
individual pillows that are uP to 1.5 m in diameter, el-
liptical to circular in cross section, and poorly exposed in
the third dimension. Horizons of Pillow breccia are also
present and consist of smaller (typically <30 cm), ineg-
ularly shaped fragments and Pods, with or without well-
developed selvages, set in a mafic matrix. Pillows contain
variabll amounti of amygdules and range from massive,
nonamygdular varieties to those displalng abundant
amygdules arranged in well-defined zones roughly con-
centric about the core of the pillow. Junctions among
pillows may be voids but commonly are filled with in-
ie.pillow bieccia consisting of smal (14 cm) subangular
to iubrounded selvage and pill,ow fragments in a fine-
grained mafic matrix. Chemical analyses of aPhanitic to
Ene-grained amphibolites that are intermixed with and
may locally crosscut pillow-bearing horizons indicate those
malic volcanic rocks are subalkaline, mainly low-K, thol-
eiites, with an average TiO2 content of 1.17o and flat REE
to slightly light REE-depleted pattems. The submarine
environment, bimodal volcanic suite, chemistrv, and na-
fure of the associated felsic volcanic, volcaniclastic, and
sedimentary rocks are all compatible with deposition in
an immature back-arc basin.

Clay rrawpnmocy AND GEocHEMISTRY oF UPPER CRE-
TACEOUS STRATA, SOUTHEASTERN seN JUal BASW,
NBw Mnxco, by S. T. Krukowski, Department of Geo-
science, New Mexico Institute of Mining and Technol-
ogy, socorro, NM

The Upper Cretaceous rocks of the southeastem San

]uan Basin, New Mexico, resulted from a series of
transgFessions and r€Sressions. Seventy-eight samples
were chosen as rePresentative of the day-bearing UPPer
Getaceous sequencE, Mulatto Tongue of the Mancos Shale
through the Fruitland Formation, and analyzed for day
ninerilogy, whole-rock mineralogy, and whole-rock geo-
dremistry. Whole-rcck rnineralogy and geochemistry show
only slight variations in the stratigraphic interval. How-
ever, the Fruitland Formation shows a relative decrease
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in quartz and Al2O3, and an increase in sodic plagioclase
and Na2O. The principal clay mineral species is smectite.
This may suggest a new sediment source in Fruitland
times. Vertical and lateral variations in clay nineralogy
in the other shale units were obserued. Kaolinite generally
was obserued increasing from marine to nonmarine facies
(Menefee Formation), and ittite, chlorite, and random in-
terstratified illite-smectite increased towards marine de-
positional sites (Mancos Shale, La Ventana Tongue, and
Lewis Shale). Clay mineral assemblages follow the pre-
soibed pattern set forth in lateral distributions study by
Parham (1966). Lateral variations in clay mineralogy within
shatigraphic units can also be ascribed to particle-size
sorting, e.g. upper Menefee Formation lithologies. Finer
grained humic shales (distal from channel sands) contain
less kaolinite and more platy clay minerals (interstratified
illite-smectite) than coarser grained shales and mudstones
(proximal to channel sands). This is the result of particle
size sorting in the fluvial-paludal depositional environ-
ment. Kaolinite in the upper Menefee shales is probably
related to provenance, diagenesis, or both.

A uIoor-s PLErsrocENE MAMMoTH FRoM sourH-
EASTERN New MrxcO, by Z R. Logan, and S. C.
Lucas, Department of Geology, University of New Mex-
ico, Albuquerque, NM

UNM (Universify of New Mexico)-P-l is a right ramus
bearing M3 oI Mammuthus imperator. This specimen was
collected from Quaternary alluvium along Salt Creek on
the Marley Ranch northwest of Roswell. The following
features iustify assignment of UNM-P-1 to M. imperator:
1) M, has 11 + plates. 2) M, length - 218 mm and max-
imum width = 95 mm, making it a relatively broad tooth.
3) I\d lamellar frequency : 5, an upper limit considering
how highly worn this tooth is. 4) Enamel thickness: n :
20, X = 2J mm.5) Enamel to enamel thickness of a plate:
n : 18, X : 14.9 mm._5) Thickness of dentin between
enamel walls: n : 18, X = 9.2 mm. 7) Thickness of ce-
mentum separating enamel plates: n = 18, X - 6.0 mm.
8) Length of one complete loph and cementum separator:
n : 17, X = 21.5 mm. 9) Lack of a well-developed anterior
symphyseal process. M. imperator is a relativeiy primitive
Pleistocene marnmoth typical of middle Pleistocene (late
Irvingtonian) localities.

mammals from the upper part of the Galisteo Formation
in north-central NM and from the Baca Formation in west-
central NM indicate that these strata are of Duchesnean
age. These age determinations are consistent with Oli-
gocene K/Ar dates from the Espinaso (overlying the Gal-
isteo) and Spears (overlying the Baca) Formations.
Therefore, the Eocene-Oligocene boundary can be placed
at or near the GalisteeEspinaso contact in north-central
NM and at or near the Bact-SDears contact in west-central
NM. A brontothere jaw from iust west of the Winston
graben in the northem Black Range (southwestem NM)
is derived from a unit stratigraphically equivalent to the
Rubio Peak Formation and previously termed "Spears (?)
Formation" or "early andesite volcanic sequence." This
jaw represents a relatively advanced though small bron-
tothere (length Mt : 4.5 cm, no postcanine diastemata,
Pr absent, P3 a molariform) that pertains to the typical late
Eocene genus Duchesneod.us. It indicates a Duchesnean
aqe for the horizon from which it was derived that is
consistent with I(/Ar dates from other areas that suggest
the Rubio Peak Fomation transqresses the Eocene-Oli-

Socene boundary.

Gnaurv AND MAGNETTC sruDrEs rN Rro GnqNor mrr

NoRTH oF Ar-suQuEnQuE, Nsw MExrco, by K. D.
Mahrer andT. B. Reynolds, Department of Geology, Uni-
versity of New Mexico, Albuquerque, NM

This abstract reports work in progress involving gravity
and magnetics measurements in the eastern portion of
the Rro Grande rift directly north of Albuquerque, New
Mexico. The study was undertaken to determine local
variations in the basement structure. To date, three east-
west gravity lines and one magnetics line have been run
in a region spanned by the Sandia Mountains to the east
and I-25 to the west. Each line is approximately 5 km
long with measurements taken every 0.5 km. The usual
"text-book" data reduction methods have been performed

on the data. These data show a substantial reduction in
graviiy of approximately 30.0 to 50.0 mgal from east to
west. This result is completely consistent with previous
geological and geophysical studies that indicate a west-
ward deepening of the basin by a series of stepped normal
fault blocks. To model the data, a two-dimensional "Tal-
wani" (computer) modeling scheme is being employed.
A mass contrast between basin fill and crystalline base-
ment of 0.5 gm/cc is used. Preliminary results of the mod-
eling assume the westward steeping of the basin from
very shallow (10's of meters or less) at the eastern edge
of the data lines to 4 to 6 km deep at the western edge
of the lines. The modeling seems to indicate a southward
steeping of the basin and a "pinching out" of some of the
faults between data lines. More analysis and data gath-
ering is needed before more ciefinitive statements can be
maoe.

Grocnnoruolocrc sruDrES oF rcNEous RocKs FRoM
Froruoe Mouvrens, Nnw MExrco, by R. K. Math-
eney and D. G. Brookins, Department of Geology, Uni-
versity of New Mexico, Albuquerque, NM
The igneous rocks of the Florida Mountains, near Dem-

ing, New Mexico, consist of a core complex of syenites,
alkali granites, and some quartz monzonite, with lesser
mounts of gabbro, diorite, and syenodiorite. These rocks,
together with Paleozoic and younger sedimentary rocks,
me abundandy rut by Tertiary rhyolitic and andesitic dikes.
The core complex has been extensively studied by several
investigators during the past 12 yrs. Corbitt (1971) and
Corbitt and Woodward (1973) assigned a Mesozoic (?) age
to these rocks, based on very limited geochronologic data,
coupled with their interpretation of an intrusive origin
for several syenite-sedimentary rock contacts. Denison
(ln Brookins, 1974) reported K-Ar and Rb-Sr mineral ages
for syenites ranging from 420 to 550 MYBP, although he
considered the older ages suspect. Brookins (1974,1980)
reported dates ranging from 400 MYBP for syenites, up
to 1 BYBP for certain granites, with most of the ages falling
in the early- to mid-Paleozoic. Clemons (1982), however,
has stated that the syenites are Precambrian, reinter-
preting several of Corbitt's intrusive contacts as faults and
unconformities, and explaining the young dates for sy-
enites as being a result of Tertiary resetting related to
volcanic activitv. Our present studies now include Rb-Sr
whole rock analyses oi some 35 samples of syenite, alkali
granite, and gabbro, all of which define a 420 + 20 MYBP
isochron. To explain this age as being due to a resetting
event demands perturbation of Rb-Sr whole rock system-
atics to an extent never before demonstrated. We consider
this unlikelv. Further, our recent field studies indicate the
possibility of intmsive or low-angle fault contacts at sites

where unconformable contacts have recently been pro-
posed. If these obseruations are verified by additional
field, petrographic, and chemical work, then Paleozoic

plutonism is again proposed for sone of the core rocks
of the Florida Mountains.

GEocHnurcel sruDy oF EstaNcre Velrlv plavas,

NEw MEXIco, by H. A. Vogler and D. G. Brookins,
Department of Geology, University of New Mexico,

Albuquerque, NM

We report on the geochemistry of playas from the Es-
tancia Valley, New Mexico, as part of a generic study of
olavas from the westem United States. To date some 80
solid ptaya samples have been analyzed by neutron ac-
tivation analysis, primarily for trace elements, and some

40 waters analvzed bv various methods for TDS and con-
stituent chemistry. In addition, a few samples have been
analyzed by stable isotopic analysis (C. J. Yapp, analyst)
for D/H ratios. Solid playa samples are divided into those
that are from surface, gypsiferous crusts; from clay min-

eral-rich zones 0.5-2 m below the surface; from 0 to 0.5
m (usually mixtures of clays with gypsiferous samples);
and from dune deposits. Careful inspection of rare earth
element (REE)/shale composite plots indicates mechanical
mxing of surface with subsurface materials with no re-
dox-controlled reactions active for the REE. This inter-
pretation is conoborated by some 30 elemental variation
diagrams. The playas are representative of both closed
hydrologic basins and partially to largely open hydrologic
basins. In the fomer, del-D values arc -3 to -4 %o,
whereas for the latter a range in del-D from -30 to -77

is noted. Elemental concentrations in all samples show
the following: 1) Most samples yield concentrations of
As, Br, Se, Sb, I, Sr, Cl, U, and Cs above crustal average
values for these elements. 2) Br, l, Cl, Sr, and U are en-
riched above average shale values, and As, Sb, and Se
are marginally enriched above shale values. 3) Elements
depleted in the playa samples include the REE, Fe, Mn,
Co, Cr, Ta, Th, and Ba. 4) No trace elements are either
enriched or depleted in the dune deposits relative to playa
samples. Gradual accumuiation of highly rnobile ele-
ments (I, Cl, Br, U, Cs, Se, As, and Sb) in the playas is
evident, and the depletion of the elements Mn, Fe, Ta,
Th, Co, Cr, and the REE is due to their removal from
hansporting solutions far removed from the playas. These
last elements do conelate with authigenic sulfides in the
subsurface as expected. A complete material balance be-
tween solid and water samples is being attemPted at pres-
ent.

ColrvrNrs oN EcoNoMIc voLcANoLocY BETwEEN

REDRoCK, Nrw Mrxtco, AND CLIFToN, ARIZoNA,
by D. E. WahI, Jr., P.O. Box 27285, Tempe, AZ

The 3,000 km'z, northwest-trending area from Redrock,
New Mexico, to Clifton, Arizona, is composed chiefly of
mid-Tertiary volcanic rocks which fill the wedge-shaped
Blue Creek basin between basement highs at Redrock and
Clifton. Calcalkaline Oligocene (35-30 m.y.) flows and
tuffs are unconformably overlain by a more alkalic bi-
modal Miocene suite (25-18 m.y.). Composite mid-Ter-
tiary thickness is 4+ km in centrai parts of the Blue Creek
basin. Within this substantial volcanic tenain, several en-
vironments of possible economic significance have been
identified: 1) The southern ring-fracture zone of the
Schoolhouse Mountain cauldron is mineralized. Other
portions of the ring-fracture zone could offer exploration
targets, especially where ring domes intrude Porous moat-
faoes tuffs and volcaniclastic sediments. 2) Three wide-
spread areas of intense argillic to quartz-alunitic alteration
in the Steeple Rock district probably are loci of past near-
surface (venting?) geothermal activity and could contain
disseminated precious metal deposits. Much younger
(Holocene) geothemal venting has deposited a fragile,
well-preserved, selenite-bearing sinter in Bitter Creek. 3)
Preliminary geochenical studies indicate that some of the
youngest Blue Creek basin felsic intrusives are well dif-
ferentiated, enriched in lithophile elements, and could
potentially host porphyry molybdenum md precious metal
deposits. One such intrusion contains anomalous pre-
cious metal values in a brecciated near-surface vent zone.
The youngest, most highly differentiated high-silica rhyo-
lites are approximately 18 m.y. old. Adularia associated
with East Carnp vein precious metal and fluorite miner-
alization has yrelded similar ages. A causative relation-
ship between late-stage rhyolite intrusion and some Steeple
Rock dishict vein mineralization is suggested. lS

Possrau sxpleNATroN FoR uNreuE cHARAcTER oF Rro
Gnerlnr N ELEpFiAN"T BurrE alre, Srunna CouNry,
Nrw MgxtCo, by Richard P. Lozinsky, New Mexico Bu-
reau of Mines and Mineral Resources, Socono, NM
Throughout most of its course in New Mexico, the Rio

Grande has incised a channel into erodable basin-fill sed-
iments of the Rio Grande rift. However, in the Eleohant
Butte area the river crosses the basin-margin Hot Springs
fault at three localities to cut into more resistant bedrock
of a marginal uplift. At the two northern localities, the
Rio Grande has migrated 1 km or less east of the Hot
Springs fault. At the southern locality, the river has mi-
grated more than 2 km east of the fault and follows a
complicated course around a prominent sandstone ridge,
Long Ridge. The two northern crossings probably re-
sulted from laterally cutting meanders where the Hot
Springs fault juxtaposed Santa Fe Group sediments with
erodable shales of the McRae Formation. A stream Diracv
model is proposed for the southem crossing. ln this modei,
the Rio Grande originally flowed west of the Hot Springs
fault. East of the fault, a tributary of the Rio Grande
eroded northwud between Long Rid'ge and Elephant Butte
and eventually captured the river north of Long Ridge.
Plugging or partial plugging of the Rio Grande channel
by debris aggrading at the mouth of a major western
tributary Cuchillo Negro Creek, may have aided in di-
verting the ilver into its new course, Elephant Butte Can-
yon. Evidence supporting pirary includes: 1) Long Ridge
is topographically higher than any other basin-fill depos-
its, 2) no fluvial deposits occur on Long Ridge, 3) resistant
mture of sandstone comprising Long Ridge hinders mi-
gration, 4) absence of the two oldest tenace levels in
FJephant Butte Canyon, and 5) Cuchillo Negro terraces
shift south in conjunction with pirary. Piracy probably
occuned during middle to late Pleistocene time.

FosstL uaw-e.ls AND EocENE-OLrcocENE BouNDARy
IN NEw MExIco, by S. G. Lucas. DeDartment of Geol-
ogy, University of New Meico, Albuquerque, NM
In New Mexico (NM) no fossil mammals of Oligocene

age are known, but there are three areas in whiih Du-
chesnean (late Eocene) fossil mammals are relevant to the
local placement ofthe Eocene-Oligocene boundary. Fossil
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Srnertcnepny AND pALEoENVIRoNMENT5 oF AN Up-
pgn Cnnrecrous MARTNE To FLUVIAL FAcrEs TRANST-
rroN, Srenna Coururv, NEw MEXrco, by E Timothy
Wallin, Department of Geology, New Mexico Institute
of Mining and Technology, Socorro, NM
The Engle coal field of south-central New Mexico con-

tains approximately 3,000 ft of interbedded Upper Cre-
taceous pebble conglomerates, sandstones, siltstones,
mudrocks, and coals These terrigenous clastics represent
a marine to fluvial facies transition deposited during the
widespread late Turonian-€arly Coniacian regression of
the Westem Interior seaway The Rio Salado Tongue of
the Mancos Shale is overlain bv the tripartite Tres Her-
manos Formation. The Ataroue Sandstone Member reo-
resents deposition of a distributary mouth bar in a veiy
shallow epeiric sea Deposition of the Atarque provided
a near sealevel platform upon which thin channel and
crevasse-splav sandstones and carbonaceous mudrocks
were depolited Transgression of the seaway across these
marginal marine and fluvial deposits is recorded by the
Fite Ranch Sandstone Member, which consists of a thin
transgressive lag deposit, and a thicker, regressive coastal
banier sandstone The D-Cross Tongue of the Mancos
Shale represents open marine conditions and contains
three unnamed tongues of the Gallup Sandstone depos-
ited during several minor progradational episodes. The
overlying Mesaverde Group consists of nearshore marine
and continental deposits. Well-developed shoreface and
beach deposits of ihe Gallup Sandstone overlie the D-
Cross Tongue of the Mancos Shale The Crevasse Canyon
Formation consists of a lower coal-bearing mernber, a
middle banen member, and the Ash Canyon Member
Marginal marine and continental deposits of the Crevasse
Canyon represent lagoonal, washover fan, coal swamp,
and fluvial environments. Fluvial subenvironments are
represented by channel thalweg, point bar, natural levee,
crevasse-splay, swamp, and overbank deposits

Gnorocv oF coppER occuRRENcE AT CoppER HrLL,
PrcuRts MoururArNs, NEw MEXlco, by Michael L
Williams, Department of Geology, University of New
Mexico, Albuquerque, NM
Copper Hill, in the Picuris Mountains of northern New

Mexico, is the expression of a west-plunging anticline of
Ortega Quartzite The Ortega Quartzite at Copper Hill
has been divided into three stratigraphic units: massive
quartzite (Og1), kyanite quartzite (Ogt), and andalusite
quartzite (Ogr) During structural defomation, the lower
fwo quartzite units behaved brittlely, while 06 and the
overlying Rinconada schists behaved ductilely These
ductile units formed an imoermeable caD to a series of
N l0' east-trending quiltz veins that cut the lower quiltzite
units. Oxidized copper minerals with silver, arsenic, and
antimony occur in Ogl and Og2 quartzite and in the quartz
veins on Copper Hill The deposit, of probable Precam-
brian age, has been subiected to considerable metamor-
phism, deformation, and oxidation. Although a genetic
model involving original strata-bound copper minerali-
zation must be considered for the deDosit, most evidence
supports an origin involving epigenetic, although pre- or
synmetamorphic, emplacement of copper ninerals from
a source at deoth !

Bryozoan and crustace?11 @ontinuedftomp 55)
Lucas, S G., 1981, Dnosaur communities of the San fuan

Basin-A case for lateral variations in the composition
of Late Cretaceous dinosaur communities; in Lucas, S
G., Rigby, J. K, lr, and Kues, B S. (eds ), Advances
in San fuan Basin paleontology: University of New
Mexico Press, Albuquerque, New Mexico, pp 337-393.

Pearse, A. S , and Gunter, G ,1957 , Salinlty; in Hedgpeth,
I W. (ed ), Treatise on marine ecology and Paleoecol-
ogy: Geological Society of America, Memoir 67, v 1,
pp. 129-158

Reeside, J 8., Ir., 1924, Uppet Cretaceous and Tertiary
formations of the western part of the San Tuan Basin
of Colorado and New Mexiio: U.S. Geological Survey,
Professional Paper 134, 70 pp.

Robison, C. R., Hunt, A , and Wolberg, D. L., 1982, New
Late Cretaceous leaf locality from lower Kirtland Shale
member, Bisti area, San Juan Basin, New Mexico: New
Mexico Geology, v 4, pp 42-45.

Russell, L S ,7975, Mammalian faunal succession in the

Cretaceous System of westem North America; iz Cald-
well, W. G. E. (ed.), The Cretaceous System in the
Western Interior of North America: Geological Asso-
ciation of Canada, Special Paper 13, pp. 737-1,51,.

Ryland, J. 5., 1970, Bryozoans: London, Hutchinson &
Co , 175 pp.

ShaW N. G ,1967, Cheilostomata from Gulfian (Upper
Cretaceous) rocks of southwestem Arkansas: Journal
of Paleontology, v. 41., pp.1.,393-1.,432.

Stanton, T. W., 1915, Contributions to the geology and
paleontology of San Juan County, New Mexico, 3 Non-
marine Cretaceous invertebrates of the San Juan Basin:
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1982 bibliography teleased
The New Mexico Bureau of Mines and

Mineral Resources has issued a second bib-
liographic publication in cooperation with the
Arierican'Geological Institute and CeoRef
Information System, Bibliography and index of
Nw Mexico geolory. This edition, containing
approximately 1,000 references and cross ref-
erences, represents published and unPub-
Iished mateiial that was added to the GeoRef
database in 1982. The components of this an-
nual bibliography are: serials list, citations
by senior author with cross references, sub-
ject index, county index, and rock-unit in-
dex.

Collecting and formating the references
contained in this volume were done entirely
by the staff of GeoRef Information System.
Many publications released in 1982 are in-
cluded; however, nearly r/r of the papers cited
were released in 1981. Consequently, this
volume is a valuable suPPlement to the pre-
vious edition, Bibliography and inlex of New
Mexico geology for 198L, the first bibliography
to be produced by GeoRef for the New Mex-
ico Bureau of Mines and Mineral Resources.
Neither volume is a comprehensive annual

bibliosraphy. Both contain additional cita-
tions ior pa'pers and rePorts released in ear-

nual reference volume to give researchers ac-
cess to the most cuffent literafure on New
Mexico geology. The New Mexico Bureau of
Mines and Mineral Resources will continue
to issue an annual bibliography as a suPPle-
ment to its otherbibliographic literature. Users
of this volume and our other bibliograPhies
are encouraged to contact the Bureau editing
staffwhen errors or omissions are discovered
and to comment critically on scoPe and for-
mat. We anticiPate that annual coverage of
the literafure will become increasingly more
comprehensive with each successive edition.

This 1982 edition of. Bibliography and index
of New Mexico geolory sells for $5.50 and is
available from the Publications Office, New
Mexico Bureau of Mines and Mineral Re-
sources, Socorro, New Mexico 8780L.

-lane Caluett Inoe
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