Abstracts

The New Mexico Geological Society
annual spring meeting was held at New
Mexico Institute of Mining and Tech-
nology (Socorro) on April 12, 1996. Fol-
lowing are the abstracts from all sessions
given at that meeting.

GEOCHRONOLOGY I SESSION

GEOCHRONOLOGY AS IT PERTAINS TO
THE PUBLIC, by M. T. Heizler, New Mexico
Bureau of Mines and Mineral Resources,
New Mexico Institute of Mining and
Technology Socorro, NM 87801
Radioactivity is not something that endears

itself to the public. Aside from specialized med-
ical uses, irradiation for food sanitation and
gemstone coloration, and for production of
nuclear power, radioactivity is generally per-
ceived in a negative light.

Almost all absolute geochronologic methods
are based on the radioactive decay of a parent
nuclide to a stable daughter product. The decay
rate is known as the half-life, and varies from
less than seconds to tens of billions of years.
The geologic situation generally dictates which
dating method is most appropriate for under-
standing the absolute time, duration, and/or
episodicity of a geologic processes. To the pub-
lic as a whole, geochronology is an obscure con-
cept and is perceived as having little or no prac-
tical uses. Although geochronology is a prima-
ry tool used by almost all academic geologic
disciplines, it can also provide important infor-
mation that is directly applicable outside cam-
pus walls.

The New Mexico Geochronological Research
Laboratory (NMGRL) is a “Ar /*Ar dating facil-
ity operated within the New Mexico Bureau of
Mines and Mineral Resources. The laboratory is
clearly a state facility and thus has an obliga-
tion to provide information and resources to
the citizens of New Mexico. Application of
argon geochronology is relatively far reaching
with respect to the New Mexican public, but its
contribution is not always obvious. Argon
geochronology is a primary method of deter-
mining how long and how high temperatures
(known as paleotemperatures) have persisted
in environments such as sedimentary basins
and geothermal systems. Paleotemperature
data in sedimentary basins has direct impact on
the potential of oil, gas, and coal resources and
can be used to predict the longevity of geother-
mal resources. Geochronologic data also pro-
vides vital information on how, when, where,
and why precious- and base-metal deposits
form. The NMGRL works closely with industry
to enhance exploration potential by identifying
rock units of characteristic age that produce
economically important mineral deposits. Also,
understanding the temporal evolution of a spe-
cific mineral district or deposit provides mod-
els that can be used in wildcat drilling pro-
grams to help determine possible economic
resources. Assessment of earthquake recur-
rence rates, water transport and recharge rates
in hydrologic systems, and volcanic hazard
information are just a few additional applica-
tions for geochronologic methods.

An equally important resource that directly
and indirectly benefits the citizens of New
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Mexico are the human resources associated
with the facility. The laboratory obtains a sig-
nificant amount of funding from outside the
State of New Mexico, which gets funneled into
the state and local economy. The NMGRL cur-
rently employs two, nearly full-time staff mem-
bers and three undergraduate students without
state-appropriated funds. Also, several gradu-
ate-student research projects are supported by
the laboratory, thus enhancing the enrollment
at New Mexico Tech, which ultimately provides
resources for the state and the city of Socorro.

GEOCHRONOLOGIC STUDIES IN THE
GRANTS URANIUM DISTRICT, NEW
MEXICO, by W. R. Berglof, University of
Maryland, Asian Division, Unit 5060 Box
0100, APO AP 96328-0100; and V. T
McLemore, New Mexico Bureau of Mines and
Mineral Resources, Socorro, NM 87801
Geochronologic studies of Colorado Plateau

uranium deposits began around 1950 during

the early years of the “uranium boom,” but
detailed studies in the Grants district were not
published until more than thirty years later,
after most mining had ended. Early work in

Utah and Colorado yielded mostly discordant

U-Pb ages; these nevertheless suggested a late

Cretaceous to early Tertiary (Laramide) age for

several deposits, similar to the vein-type

deposits of the Colorado Front Range. This idea
was influential throughout the 1950s and early
1960s. Geologic studies in Grants and other dis-
tricts, and slowly accumulating new geo-
chronologic data, then suggested that many

Plateau deposits are in reality much older, often

approaching the age of their host rocks.

Subsequent work has supported this latter

interpretation.

The following conclusions have been reached
for the Grants district from geochronologic
studies published since around 1980. At
Ambrosia Lake and Smith Lake, primary
(trend) ore formed early in the history of the
host sandstones of the Upper Jurassic Morrison
Formation, at 130 Ma or earlier, on the basis of
U-Pb data and Rb-Sr and K-Ar ages of clay
minerals penecontemporaneous with uranium
minerals. Redistributed (stack) ore and an oxi-
dized uranium mineral (uranophane) at
Ambrosia Lake have late Tertiary U-Pb ages of
3 to 12 Ma, consistent with geologic evidence
on remobilization of uranium. Redistributed
Morrison ore in the Church Rock area is as
young as Pleistocene; redistribution was not
extensive at Smith Lake. Primary deposits in
the Morrison at Laguna may be younger than at
Ambrosia Lake, but limited age data are incon-
clusive. The age of primary deposits in the
Middle Jurassic Todilto Limestone is 150-155
Ma, close to the age of the Todilto; these
deposits are older than those in the Morrison.
Secondary Todilto uranophane yields U-Pb
ages of 3 to 7 Ma, confirming Tertiary redistrib-
ution of uranium in this formation as well.

Most U-Pb ages from all ore-bearing horizons
are discordant, attributed mainly to open-sys-
tem behavior involving migration of radiogenic
Pb and relatively long lived, intermediate
daughter isotopes in the U decay chain. In
this interpretation the *’Pb/>U age is the most
reliable, and generally yields a minimum age.
However, some ages are concordant. In addi-
tion, concordia diagrams provide meaningful
conclusions from discordant age data. Migra-
tion of **U daughters and subsequent decay to
*Pb produces anomalous radiogenic *Pb /**Pb
ratios and resulting apparent ages in many

samples. Some *Pb/™Pb “ages” are greater
than 1,000 Ma in Morrison and Todilto samples
that are deficient in *Pb. By contrast, excess
*Pb produces a negative or “future” age of —
840 Ma for one Todilto sample; four ages rang-
ing from -19 to -580 Ma for Ambrosia Lake,
Smith Lake, and Church Rock samples; and an
extreme of —13,000 Ma for one Ambrosia Lake
sample (*"Pb/*Pb = 0.008). Such anomalies
were not observed in early studies and provide
especially strong evidence of complex open-
system behavior.

AGE AND GEOLOGY OF THE MINERAL
DEPOSITS IN THE ORGAN MOUN-
TAINS DISTRICT, DONA ANA COUNTY,
NEW MEXICO, by V. T. McLemore, T. C.
Pease, and V. W. Lueth, New Mexico Bureau
of Mines and Mineral Resources, Socorro,
NM 87801
The Organ Mountains form a west-tilted

block exposing rocks ranging in age from

Proterozoic through Quaternary. In the

Oligocene, the Organ batholith and volcanic

rocks associated with the Organ caldera were

emplaced. The Organ batholith is a complex
pluton made up of three major phases: the
granite of Granite Peak, Sugarloaf Peak quartz
monzonite and Organ Needle quartz syenite

(Seager, 1981). Mineralization in the Organ

Mountains district was discovered in the 1830s

and perhaps as early as 1797. Production in

1869-1962 amounted to 25 million 1bs of Pb, 2.7

million Ibs of Zn, 4,636,000 1bs of Cu, 820,000 oz

of Ag, and 11,500 oz of Au worth $2.7 million. It
is the sixth-largest lead-producing district in

New Mexico, although there is no current pro-

duction.

Six types of mineral deposits are found in
the district and are within or centered around
the Sugarloaf Peak quartz monzonite. Three
centers of disseminated Cu-Mo minerals (por-
phyry Cu-Mo deposits?) are surrounded by
innermost Cu skarns and breccias, Zn-Pb
skarns, Pb-Ag replacements, Au-Ag veins, and
an outermost barite-fluorite zone (Dunham,
1935; Seager, 1981). The relationship of the
barite-fluorite zones to the mineralization cen-
ters is inconclusive; they are similar to the Rio
Grande rift barite-fluorite-galena deposits that
are thought to be associated with extension
along the rift. This district-wide zoning is best
preserved in the north part of the district
where disseminated Cu-Mo minerals, repre-
senting a faulted portion of a larger porphyry
Cu-Mo deposit, were found in drill holes
northwest of Organ. Copper-breccia and Cu
skarn deposits are found adjacent to the por-
phyry deposit (Excelsior mine) and grade out-
ward from the pluton to Zn skarns (Merrimac
mine), to Pb-Zn replacement deposits (Hilltop
mine), to distal Pb-Ag-Mn replacement
deposits (Black Prince mines). Adjacent to a
second center of mineralization near San
Augustin Pass are Cu breccia deposits at the
Torpedo, Zn skarns at the Memphis, Zn-Pb
replacement deposits at the Homestake, Pb-Zn
replacements at the Philadelphia and
Stephenson-Bennett mines, and Au-Ag peg-
matites and veins in the Mineral Hill area. The
Modoc Pb-Zn skarn and replacement deposits
and Ruby fluorspar deposits are related to the
third center of mineralization near Organ Peak.
All of these gradational changes occur along
faults associated with the Organ caldera
and/or batholith margin. Mineralization style,
metal zoning, and fluid inclusion data indicate
that these deposits are related and they could



have formed by mixing of magmatic and mete-
oric fluids.

The Sugarloaf Peak quartz monzonite was
dated by K-Ar as 32.8+0.5 Ma by Loring and
Loring (1980). Several dikes north of Organ
intruding the Sugarloaf Peak quartz monzonite
were also dated, and some of these dikes had
age dates that were older than the age date
obtained of the older pluton (32.1-34.4, Loring
and Loring, 1980). Therefore, relatively unal-
tered samples of the Sugarloaf Peak quartz
monzonite and a pegmatite at San Augustin
Pass were collected and dated by “Ar/*Ar
methods at NMBMMR.

Biotite from the Sugarloaf Peak quartz mon-
zonite yielded a flat spectrum with a well-
defined plateau at 33.1+0.1 Ma. K-feldspar
yielded a saddle-shaped spectrum, with flat
segments centered at approximately 33 and 41
Ma. The shape of the age spectrum, which is in
part older than the biotite plateau, indicate
excess Ar in this K-feldspar. Hornblende yield-
ed a disturbed age spectrum. Low radiogenic
yields coupled with anomalously high K/Ca
ratios indicate alteration and/or contamination
by K-bearing phases. The biotite age of 33.1+0.1
Ma is considered the best estimate for when the
pluton cooled through the biotite closure tem-
perature of ~300°C.

K-feldspar from the Quickstrike pegmatite
yielded a rising spectrum with flat segments
averaging 30.8+0.1 and 32.2+0.1 Ma. The form
of the spectrum suggests that the K-feldspar
closed at 32.5 Ma and was reheated and partial-
ly reset at 30.8 Ma. The younger age suggests
that hydrothermal fluids were mobile and reset
the age date. The isochron plot yields an age of
30.8+0.1 Ma, although the MSWD (mean stan-
dard weighted deviation) of the isochron is
high (20.4). The “Ar/*Ar for those steps is close
to atmospheric, suggesting no trapped “Ar
component is present. From these data, the
maximum age of the mineral deposits in the
Organ Mountains is 33.1 Ma; mineralization
probably continued through at least 30.8 Ma.

“AR/”AR DATING OF FLUID INCLUSIONS
IN QUARTZ FROM THE CAPITAN
PLUTON, NEW MEXICO, by A. R
Campbell, M. T. Heizler, and N. W. Dunbar,
Dept. of Earth and Environmental Science
and New Mexico Bureau of Mines and
Mineral Resources, New Mexico Institute of
Mining and Technology, Socorro, NM 87801
The 300-km’ Capitan pluton in central New

Mexico hosts small REE-bearing zones of min-

eralization that contain high-temperature (up

to 600°C), high-salinity (up to 80 wt%) fluid
inclusions. The hydrothermal veins contain
quartz, fluorite, adularia plus a number of REE-
bearing phases. Based on the microthermome-
try of fluid inclusions, stable isotope composi-
tion of host minerals, and spatial distribution of
veins in the outer carapace of the pluton, this
mineralization has been interpreted to be the
result of magmatic fluids. In contrast to many
magmatic/hydrothermal systems, there are
few inclusions produced by late-stage meteoric
fluids. The primary, high-temperature inclu-
sions contain daughter minerals of halite,
sylvite, and other phases, and the high-K con-
tent of the inclusions allows determination of
their ages of entrapment using the “Ar/*Ar
technique. Furthermore, the presence of
hydrothermal potassic feldspar (adularia) in
the veins allows independent determination of
the age of mineralization.

Two samples of adularia, from prospects

MTE and CPU-2, were analyzed with the
“Ar/¥Ar incremental heating technique. MTE
reveals a flat age spectrum and an isochron age
of 28.2+0.09 Ma. The CPU-2 adularia age spec-
trum is suggestive of minor argon loss and
gives an isochron age of 28.0£0.09 Ma. The
isochrons define a trapped ®Ar/*Ar compo-
nent that is essentially atmospheric (~298) for
both samples. Four samples of hydrothermal
vein quartz were analyzed from the MTE,
CMX, EN, and CPU prospects. Two types of
degassing behavior were noted during the
incremental heating runs. MTE and CMX-1
yielded isochron ages of 26.5+4 Ma and
38.6+9.5 Ma respectively. Both samples yielded
Cl/K ratios of about 5 and K/Ca ratios of 1.8
and 1.9. FN and CPU-2 yielded isochron ages of
28.8+0.09 Ma and 29.5+0.07 Ma respectively.
For these two samples the Cl/K ratios were
very low and the K/Ca ratios increased relative
to MTE and CMX-1.

The Cl/K and K/Ca ratios of MTE and CMX-
1 are very similar to the elemental ratios deter-
mined for the inclusion fluid determined by the
bulk crush-leach technique. Therefore, we con-
clude that dates from these two samples are
from K trapped within the inclusions. In con-
trast, the Cl1/K and K/Ca ratios from FN and
CPU-2 are more similar to those from the vein
adularia. For these samples we believe that
small (as of yet unseen) crystals of adularia
trapped within the quartz are responsible for
the age spectra. Although FN and CPU-2 do not
represent direct dating of fluid inclusions, they
do provide a mechanism for obtaining spectra
from unaltered vein adularia.

The “Ar/*Ar ages of hydrothermal quartz
from the Capitan pluton closely match those
determined from hydrothermal adularia, sug-
gesting that this technique yielded true deposi-
tional ages. However, the Ar-release spectra
were complicated because of the trapped Ar
component and were therefore not straightfor-
ward to interpret. Recognizing and correcting
for the excess argon associated with Cl, and use
of standard isochron techniques, allows determi-
nation of the fluid-inclusion age and thus miner-
alization age. Further work on Capitan pluton
samples may help us understand the Ar system-
atics in hydrothermal /mineralizing systems.

GROUND-WATER DATING AND OTHER
USES OF ENVIRONMENTAL ISOTOPES
IN GROUND-WATER STUDIES, by P. S.
Johnson, New Mexico Bureau of Mines and
Mineral Resources, Socorro, NM 87801
Naturally occurring isotopes that exist in

water in the hydrologic cycle have been used in

investigations of ground water for decades. The
application of environmental isotopes in hydro-
logic studies (Isotope Hydrology) makes use of
two main properties of isotopes: (1) some decay
radioactively; and (2) the relative mass differ-
ence of common to rare isotopes results in frac-
tionation during physical, chemical, and bio-
chemical reactions. These properties permit
ground-water age estimation, “fingerprinting”
of ground water from different sources, and
tracing of ground water in the subsurface. By
determining the distribution of environmental
isotopes in ground water, one can establish
ground-water residence and travel times,
ground-water flow paths, leakage between
aquifers, definition of recharge areas, stream-
aquifer interactions, and aquifer hydraulic con-
ductivity.

The isotopes most commonly measured in
ground water are the radiogenic isotopes tritium

(°*H or T) and carbon-14 (“C), and the stable iso-
topes deuterium (*H or D), oxygen-18 (*O), and
carbon-13 (®C). Tritium and “C are used to esti-
mate the “age” or residence time of ground
water and to solve related problems of ground-
water travel time, flow-path definition, and rates
of recharge. The apparent age (f,) of ground
water is: t, = t; , In(A/A,), where t, ,, is the half-
life, A is the activity of the isotope at the time the
water entered the subsurface, and A, is the mea-
sured activity. If age and distance traveled are
known, ground-water velocity can be deter-
mined. Added knowledge of ground-water gra-
dient and estimates of effective porosity can then
provide information on aquifer hydraulic con-
ductivity. The stable isotopes O and D are used
as indicators of ground-water source areas, and
because these isotopes reflect the environmental
conditions at the time they entered the subsur-
face, they can also distinguish modern ground
water (derived directly from modern precipita-
tion) from paleowater (recharged under condi-
tions different from the present day).

Tritium and *C are produced naturally by
interaction of cosmic rays with the upper
atmosphere and have also been artificially
injected into the hydrosphere in large quanti-
ties by above-ground thermonuclear testing
from 1952 to 1963. Because *H becomes a con-
stituent of the water molecule, and has a half
life of 12.3 years, it is an ideal tracer for ground
water recharged since 1954. However, its use is
limited because atmospheric concentrations
vary over space and time, and it is difficult to
reconstruct *H input concentrations for specific
geographic areas. An analytical advance of the
*H method uses combined measurements of °H
and helium-3 (*He), the stable tritium decay
product, to determine more precisely the “age”
of the ground water.

Carbon-14 is introduced into ground water
through the dissolution of atmospheric CO, in
rain and surface water and of gaseous soil CO,
in water percolating through soil. The *CO,
equilibrates with the dissolved inorganic car-
bonate species in ground water. Carbon-14
“ages” are calculated based on the 5,730-yr
half-life and the ratio of “C/"C in a barium or
strontium carbonate precipitate derived from a
representative ground-water sample. Carbon-
14 activities are expressed in “pmc,” or percent
of modern carbon, where 100 pmc is the
approximate mean pre-bomb atmospheric *C
activity and about 130 pmc is the average post-
bomb activity. Several natural processes occur
in the subsurface that affect the ratio of “C/*C,
the most important of which is the dissolution
of carbonates devoid of “C (referred to as
“dead” carbon). This process dilutes or reduces
the natural ratio of “C/%C and increases the
apparent age of the ground water. After
accounting for dilution by dead carbon using
correction methods based on concentrations of
*C, modern pre-bomb “C activities in ground
water are typically 60 to 80 pmc. Carbon-14
activities greater than 80 pmc are most likely
due to input of “bomb” *C and represent water
less than about 40 years old. Because of the
complexities of ground-water flow paths, and
the potential for changes in the total mass of
dissolved carbon in the subsurface, “C often
provides only a semi-quantitative estimate of
ground-water age.

AR-AR EVIDENCE FOR MESOPROTERO-
ZOIC (1.45-1.0 GA) REGIONAL META-
MORPHISMS IN NEW MEXICO: IMPLI-
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CATIONS FOR THERMAL EVOLUTION

OF LITHOSPHERE IN THE SOUTHWEST,

by K. E. Karlstrom, Dept. of Earth and Plan-

etary Sciences, University of New Mexico,

Albuquerque, NM 87131; and D. A. Dgll-

meyer, Dept. of Geology, University of Geor-

gia, Athens, GA 30602

Ar-Ar dating of hornblende and muscovite
separates from 47 samples from Proterozoic
rocks of northern New Mexico documents a
complex Mesoproterozoic thermal history for
northern New Mexico. In most areas of north-
ern New Mexico, hornblendes give plateau
ages of 1.43-1.35 Ga, indicating cooling
through about 500°C at this time. This suggests
that the well-documented regional triple point
metamorphism (500-550°C, 34 kbar) occurred
at ca 1.4 Ga. This metamorphism was super-
posed on previous Paleoproterozoic amphibo-
lite-grade rocks that were residing at 3-4 kbar
(10-15 km), as suggested by (1) disturbed horn-
blende Ar spectra (nearly one-third of samples)
that contain pre-1.4 Ga age increments and are
interpreted to reflect partial resetting of
Paleoproterozoic minerals; (2) numerous 1.4 Ga
U-Pb mineral ages in high-grade blocks; and (3)
field studies of syntectonic 1.7-1.65 Ga plutons.

Aureoles of 1.4 Ga plutons that were emplaced
at 3-4 kbar in the Sandia and Manzano
Mountains show nearly concordant 1.4 Ga horn-
blende and muscovite dates, suggesting rapid
cooling to ambient conditions of about 300°C at
depths of 10-15 km. This corresponds to a 1.4 Ga
geothermal gradient of about 25-30°C/km.
Somewhat younger, 1.37-1.31 Ga, dates on mus-
covite throughout much of the region and on
hornblende in high- grade blocks could represent
a second “event” associated with 1.35 Ga mag-
matism. However, no 1.35 Ga plutons are known
in New Mexico, and spread of dates seems better
explained by cooling because of erosional
unroofing following 1.4 Ga plutonism. The
1.1-0.9 Ga (Grenville) tectonism locally reset or
perturbed muscovite ages and may record fur-
ther (Grenville) unroofing of middle crustal rocks
combined with variable reheating.

Different tectonic blocks record different
apparent thermal histories suggesting differen-
tial Mesoproterozoic uplift and/or thermal his-
tories. Blocks with the highest metamorphic
grades (both P and T) have the youngest min-
eral ages for both hornblende and muscovite,
suggesting that Ar resetting and resulting
apparent ages are at least in part due to differ-
ential unroofing (1.4-1.0 Ga) of different levels
of the middle crust with its Mesoproterozoic
(post-1.4 Ga) thermal structure. Regional meta-
morphism at 1.4 Ga was probably driven by
heat from fluid and magma advection into the
crust because of upwelling of asthenosphere in
southern Laurentia. This metamorphic event
was regional in character and enhanced by plu-
tons, but not restricted to pluton aureoles.
Variable cooling ages suggest that the 1.4 Ga
magmatic/thermal event initiated protracted
regional (differential) denudation and cooling
of middle crustal rocks of the Southwest.

THERMOCHRONOLOGIC CONSTRAINTS
ON PROTEROZOIC DEFORMATION
AND METAMORPHISM IN THE MAN-
ZANO MOUNTAINS, CENTRAL NEW
MEXICO, by J. R. Marcoline, M. T. Heizler*, S.
Ralser, and L. Goodwin, Dept. of Earth and
Environmental Science, New Mexico Insti-
tute of Mining and Technology, *New Mex-
ico Bureau of Mines and Mineral Resources,
Socorro, NM 87801
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Detailed structural mapping and microstruc-
ture studies indicate rocks in the Capilla Peak
area of the Manzano Mountains, central New
Mexico, are multiply deformed. Thermochron-
ologic studies have been focused on minerals
from the Blue Springs schist and the micro-
structurally complex amphibolite layers within
the Sevilleta metarhyolite. Inclusion-rich anhe-
dral actinolitic amphiboles are overgrown and
are crosscut by foliation-forming blue-green
amphiboles. The blue-green amphiboles define
a strong tectonic foliation, the youngest fabric
in the amphibolite, which is parallel to the
regional foliation trend. Our studies show that
the ductile deformation and associated mineral
growth that formed this foliation overprint an
older, probably ca 1,650 Ma ductile fabric.

The “Ar/*Ar geochronologic analyses on
multiple minerals were conducted to constrain
the timing of the observed deformation events.
Along with a bulk amphibole concentrate, an
actinolitic amphibole and a blue-green amphi-
bole were individually separated from amphib-
bolite samples ML 10-8 and ML 14-18. The
anhedral actinolitic amphiboles and bulk sepa-
rates yield complex “Ar/*Ar age spectra char-
acterized by age gradients increasing from ~200
Ma to 1,600 Ma. These samples have total gas
ages ranging from ~1,110-1,290 Ma. The euhe-
dral blue-green amphiboles have less-complex
spectra and overall older ages. In particular,
ML 14-18 blue-green amphibole is less plagued
by young apparent ages and yields a plateau
age for 80% of the gas release of 1,406 + 16 Ma
(20). Based on this result, it is proposed that
temperatures at ca 1,400 Ma were sufficiently
high to reset the actinolitic amphiboles with
respect to argon (at least 400°C), and this blue-
green amphibole grew ca 1,400 Ma.

Six muscovites from the Blue Springs schist
and two biotites from amphibolite layers with-
in the Sevilleta metarhyolite also were separat-
ed and analyzed. The muscovite separates
show variable age spectra with age gradients
ranging from ~200 Ma to 1,400 Ma. The mus-
covite samples were collected over a vertical
section of greater than 1.5 km (35-50°C, assum-
ing a geotherm of 25°C/km). Assuming sam-
ples within the traverse have similar argon clo-
sure temperatures, apparent ages can be used
to estimate uplift and/or cooling rates. For
instance, the structurally deepest sample yields
an age of ~1,320 Ma, whereas the structurally
highest sample yields an age of ~1,380 Ma. This
60 Ma age discordance thus corresponds to an
average cooling rate of (0.3-1)°C/Ma.

Biotite from ML 10-8 yields a plateau age of
1,277+8 Ma whereas ML 6-10 biotite gives an
age of ~1,400 Ma. This age discordance proba-
bly reflects variation in closure temperature
coupled with apparent slow cooling because
the two samples are located at the same struc-
tural level.

Taken together, the geochronologic and
structural data are interpreted to support a
model where regional deformation, metamor-
phism, and mineral growth occurred at ca 1,400
Ma. These data suggest that regional tempera-
tures of at least 400°C existed ca 1,400 Ma fol-
lowed by a period of protracted cooling. The
deformation associated with this metamor-
phism is clearly an event not confined to the
margins of the 1,400 Ma Priest pluton in the
Manzano Mountains.

COOLING HISTORIES OF MOUNTAIN
RANGES IN THE SOUTHERN RIO
GRANDE RIFT BASED ON APATITE FIS-

SION-TRACK ANALYSIS: A RECON-
NAISSANCE SURVEY, by S. A. Kelley, Dept.
of Earth and Environmental Science, New
Mexico Institute of Mining and Technology,
Socorro, NM 87801; and C. E. Chapin, New
Mexico Bureau of Mines and Mineral
Resources, Socorro, NM 87801

Forty-nine apatite fission-track (AFT) and
two zircon fission-track ages were determined
during a reconnaissance study of south-central
New Mexico in order to investigate the cooling
and tectonic history of uplifts associated with
the southern Rio Grande rift. Mack et al. (1994)
proposed that the southern rift has been affect-
ed by four episodes of extension beginning at
about 35 Ma. The main phases of faulting start-
ed in the early Oligocene, the late Oligocene,
the middle Miocene, and the latest Miocene to
early Pliocene, with each phase disrupting ear-
lier rift basins, and in some cases, reversing the
dip of the early rift half-grabens found in the
vicinity of the southern Caballo Mountains.
The timing of denudation derived from AFT
data in the Caballo, Mud Springs, San Diego,
and Dofia Ana Mountains are consistent with
the episodes of uplift and erosion preserved in
the Oligocene to Miocene Hayner Ranch and
Rincon Valley Formations in the southern
Caballo Mountains.

Each mountain block studied in the southern
rift has a unique history. AFT ages in the
Proterozoic rocks on the east side of the San
Andres Mountains record cooling of this moun-
tain block at 21 to 22 Ma in response to the
phase of extension that began in the late
Oligocene. Younger AFT ages of 7 to 8 Ma relat-
ed to the middle Miocene episode of extension
are exposed on the upthrown side of high-angle
faults cutting the Proterozoic rocks. AFT ages
from the eastern Organ Mountains are 10 to 17
Ma and the mean track lengths are long, where-
as the ages on the west side are 20 to 29 Ma and
the mean track lengths are shorter. A westward-
tilted partial annealing zone for apatite that
formed during protracted cooling of the Organ
batholith in the late Oligocene to early Miocene
is preserved in this mountain block. Rapid
denudation (200 to 400 m/m.y.} and tilting of
the range occurred in the middle Miocene. The
base of an apatite partial annealing zone that
formed during burial of southern New Mexico
in the Mesozoic is preserved in the Sacramento
Mountains. The earliest phase of extension is
recorded in the AFT data from Proterozoic
rocks exposed at the base of the Sacramento
escarpment. Evidence for significant denuda-
tion related to Laramide deformation, or late
Oligocene and middle Miocene extension is not
observed in the AFT data from the Sacramento
Mountains. AFT data derived from high-eleva-
tion samples in Oligocene to Miocene intru-
sions (Capitan, Sierra Blanca, and Black Range)
record rapid cooling of these shallowly
emplaced plutons.

The AFT data from the northern and south-
ern Rio Grande rift are similar in many
respects. The trend of young AFT ages and
greater denudation on footwall blocks adjacent
to the master faults controlling the geometry of
the half-grabens that was observed in northern
New Mexico is also found in southern New
Mexico. Horst blocks in the rift that are bor-
dered by normal faults on two or three sides
invariably have young (<12 Ma) AFT ages and
high (>10°C/Ma) cooling rates. In the places
where Mesozoic AFT ages are preserved, the
estimated cooling rates are low (<2°C/Ma) in
both the northern and southern rift. The prima-




ry difference in the cooling histories of moun-
tain ranges in the northern and southern rift is
the paucity of AFT ages that are older than 30
Ma in the southern rift. Part of this trend may
be a function of sampling bias.

Zircon FT and K-Ar data are used to examine
the distribution of late Mesozoic to Eocene vol-
canism in southern New Mexico. A previously
unrecognized Cretaceous intrusion was identi-
fied southeast of Hillsboro using zircon FT dat-
ing. The porphyry from this intrusion was the
source of volcanic clasts in the late Cretaceous
to early Tertiary McRae Formation located in
the northeastern Caballo Mountains. In addi-
tion, a zircon FT age of 49.6x 3.8 a for the rhyo-
lite sill capping Salinas Peak at the north end of
the San Andres Mountains, and K-Ar ages for
the Orogrande, Cuchillo, and Tres Hermanos
stocks are used to constrain the northern limit
of 40 Ma volcanism in south-central New
Mexico.

QUATERNARY GEOLOGY
AND GEOMORPHOLOGY SESSION

PLIOCENE AND PLEISTOCENE DISPLACE-
MENT HISTORY OF THE SOCORRO
CANYON FAULT, CENTRAL RIO
GRANDE RIFT, NEw MEgxico, by R. M.
Chamberlin, New Mexico Bureau of Mines
and Mineral Resources, Socorro, NM 87801;
and B. Harrison, Dept. of Earth and Environ-
mental Science, New Mexico Institute of
Mining and Technology, Socorro, NM 87801
The Socorro Canyon fault (SCF) is a major

active normal fault of the central Rio Grande

rift. This north-northwest-trending, high-
angle, down-to-the-east normal fault can be
traced for 40 km along the west flank of the

Socorro Basin. North and west of Socorro, the

SCF has the appearance of a large-displacement

range-bounding fault where it transects the east

toes of west-tilted blocks that form the Lemitar
and Socorro Mountains. Southwest of Socorro
the SCF horsetails and splays into a 7-km-wide
zone of distributed Quaternary scarps. These
scarps locally outline closely spaced horsts and
grabens that cut across the piedmont slope
below the east-tilted Chupadera Mountains.

The intrabasinal south segment of the SCF

(most-active Quaternary trace) dies out near

San Antonio, about 11 km south of Socorro

Canyon.

Recent mapping near the mouth of Socorro
Canyon shows that the “main” (most-active)
trace of the SCF locally displaces four geomor-
phic surfaces of middle to late Pleistocene age
in addition to the early Pliocene basalt of
Socorro Canyon. Recurrent displacement is
demonstrated by progressively increasing off-
set of Quaternary surfaces with increasing age.
The oldest Quaternary surface is capped by a
stage IV laminar calcrete that projects 98 m
above the Rio Grande. It is correlative with the
Las Cafias surface, which marks the top of the
Santa Fe Group (maximum level of aggrada-
tion) in the Socorro Basin. Correlative surfaces
in the Albuquerque and Mesilla Basins have
been dated at 0.5 and 0.7 Ma, respectively. The
main trace of the SCF displaces the Las Cafias
surface 21-24 m, thereby yielding an average
upper Pleistocene displacement rate of 39+9
m/Ma. Preliminary estimates based on
younger surfaces suggest the “short-term” dis-
placement rate has been relatively constant
since 0.7 Ma. The longer-term displacement
rate, however, was clearly not constant. The

main trace of the SCF displaces the basalt of
Socorro Canyon (4.1x0.3 Ma) approximately
4649 m, which yields an average Plio-Pleis-
tocene displacement rate of 11.7+1.2 m/Ma.
This significant increase in average displace-
ment rate, from Pliocene to Pleistocene time,
could be interpreted as the result of episodic
rifting or accelerated rifting. Available map
data, however, indicate the most probable sce-
nario is one of constant rifting (in Plio—Pleis-
tocene time) associated with nonuniform parti-
tioning of strain within the adjacent four
strands (splays) of the SCF. Three strands of the
SCF that lie west of the “main” trace show a
cumulative post 4.1 Ma displacement of
approximately 162 m, which adequately com-
pensates for the “missing” 144 m of Pliocene
displacement that should be present on the
main trace (projecting present rate backward
over long term). These Pliocene splays of the
SCF, observed north of Socorro Canyon, show
only minor displacement where they project
across the middle Pleistocene piedmont slope
south of Socorro Canyon.

TECTONIC GEOMORPHOLOGY OF THE
SANDIA MOUNTAINS AND EASTERN
PIEDMONT OF THE ALBUQUERQUE
BASIN, New MExico, by H. Gustafson, Dept.
of Earth & Planetary Sciences, University of
New Mexico, Albuquerque, NM 87131
The middle Rio Grande valley is presently

experiencing a rapidly growing population.

Large cities in the western interior, such as

Albuquerque, face two serious problems: water

resources and potential seismic hazards related

to active tectonics. Pollowing from the initial

work of Connell (1995), this study performs a

tectonic geomorphologic analysis and field

mapping of specific portions of the Sandia
mountain front and piedmont (Pino embay-
ment) east of Albuquerque, NM. Results are
used to understand better the structural and
hydrostratigraphic setting of the Albuquerque

Basin. Drainage basins on the west facing

Sandia mountain front suggest highly variable

rates of offset, both in time and space, on the

range front fault. Adetailed field map (1:12,000)

of the Pino embayment helps corroborate these

morphometric results. Quaternary stratigraphy
in the Pino embayment is composed of five
allostratigraphic fan and terrace deposits. Field
and laboratory soil analysis helps to constrain

the relative ages of the Quaternary deposits at a

resolution higher than initially proposed by

Connell (1995). In summary, the stratigraphy of

the Pino embayment is dominated by a large

alluvial fan designated as the Q2 deposit,
which is estimated to be middle Plejstocene in
age. Progressively younger deposits are inset
into the proximal regions of Q2 but bury distal
regions. The mapping clearly shows only a thin
veneer of Quaternary deposits burying a
granitic bedrock pediment that locally is
exposed at the surface. These results demon-
strate that the Pino embayment is not underlain
by an alluvial aquifer. However, vegetation
lines, natural surficial springs, low scarps cut-
ting Q2, and highly fractured bedrock all sug-
gest movement of groundwater through

Quaternary fault systems. Further work will

better constrain the role of the structural setting

and Quaternary stratigraphy in determining
potential recharge from the Sandia mountain
front to the Albuquerque aquifer.

Connell, S. D., 1995, Quaternary geology and

geomorphology of the Sandia Mountain pied-
mont, Bernalillo and Sandoval Counties, cen-

tral New Mexico: Unpublished MS thesis,
Dept. of Earth Sciences, University of
California at Riverside, 390 pp.

ORIGIN AND SPATIAL DISTRIBUTION OF
EARLY VADOSE AND PHREATIC CAL-
CITE CEMENTS IN THE ZIA FOR-
MATION, ALBUQUERQUE BASIN, NEW
MEXICO, USA, by J. R. Beckner and P. 5.
Mozley, Dept. of Earth and Environmental
Science, New Mexico Institute of Mining and
Technology, Socorro, NM 87801
The Zia Formation (Miocene) consists of

sandstones and mudrocks deposited in fluvial,
eolian, and playa lake environments. Although
much of the formation is poorly consolidated,
resistant zones of calcite cementation are com-
mon. These zones range in size from isolated
nodules to tabular cemented zones several
meters thick that extend more than 2 km later-
ally. The calcite-cemented zones are highly
complex, exhibiting a wide range of macro-
scopic and microscopic textures and geome-
tries. Isolated or groups of nodules and rhi-
zocretions with micritic fabrics and alveolar
structures are inferred to be vadose carbonates.
Individual or groups of ovoid or elongate con-
cretions, characterized by blocky spar cements,
and preservation of primary sedimentary struc-
tures are inferred to be phreatic carbonates.
Most cemented units in the Zia reflect charac-
teristics of both phreatic and vadose zone
cementation (e.g., preservation of sedimentary
structures plus rhizocretions and alveolar
microtextures). The 8°C values for vadose
cements tend to be heavier and 80 values tend
to be lighter than values for phreatic cements.
The $°C and 80 values for units with mixed
features tend to have intermediate values. Most
cementation types that exhibit a mixture of fea-
tures may reflect past fluctuations of the water
table where vadose cements were moved into
the phreatic zone. Vadose-zone cementation
occurred principally in association with soil
development, whereas phreatic-zone cementa-
tion occurred preferentially in zones of high
primary permeability. In many cases early
vadose cements provided nucleation sites for
later phreatic cementation. Tabular units in the
Zia are often laterally extensive, decreasing
potential reservoir/aquifer quality by forming
significant barriers to vertical fluid flow. These
barriers could result in compartmentalization
of the reservoir/aquifer and extensively
reduced production if wells were screened on
only one side of a cemented layer.

MODULATION OF SOUTHWEST NORTH
AMERICAN SUMMER PRECIPITATION
BY SNOWPACK IN THE AMERICAN
ROCKIES, by . Preston and D. Gutzler, Dept.
of Earth and Planetary Sciences, University
of New Mexico, Albuquerque, NM 87131
Much of Arizona and New Mexico receive

most of their precipitation during the summer

months (late June through late August/early

September) as a result of a monsoonal flow cen-

tered over northwest Mexico. The monsoon is

triggered by the reversal of middle and lower
tropospheric winds between June and July,
which is directly related to the land-ocean tem-
perature/pressure gradient. During the cooler
seasons the winds blow from the landmass

(higher pressure) to the ocean (lower pressure);

however, during the warmer seasons, the land

heats up faster than the ocean, and the winds
blow from the ocean (higher pressure) to the
landmass (lower pressure).
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The Mexican monsoon is strikingly similar to
the Indian summer monsoon in all of these
respects. One aspect of the Indian monsoon
that has been studied for more than 100 years is
its inverse relationship to the snowpack and
snow cover of the Himalayas and Tibetan
Plateau. The Indian monsoon following winters
with greater than average snow cover tends to
have less precipitation than normal and affect a
smaller area than normal. The increased soil
moisture from melting and runoff in the spring
and summer following a winter with above-
average snowfall prevents the land from heat-
ing up as efficiently, thereby suppressing the
land-ocean temperature/pressure gradient.

We hypothesize that this is also the case with
the Mexican monsoon and that summer precip-
itation over the southwest United States might
thereby be predictable. As an initial step in
examining this hypothesis, we have obtained
time series of monthly mean precipitation data
from 21 stations in New Mexico, focusing the
analysis on July precipitation. Interannual fluc-
tuations of July precipitation from these sta-
tions are positively correlated with each other
and with the statewide average for New
Mexico.

As indices of snow variability we have used
Principal Component Analyses of the interan-
nual variability of snow cover in North
America (derived from satellite observations)
from the winter of 1970-71 through the winter
of 1992-93 obtained from the Canadian Climate
Centre. Specifically, the Spring and Annual PCs
describing variability in the Central-Southern
Rocky Mountains were correlated with the July
precipitation data from New Mexico stations.
Most of these correlation coefficients are nega-
tive, confirming that average July precipitation
in New Mexico tends to be inversely related to
the amount of antecedent snow cover in the
Rockies to the north. The correlation coeffi-
cients are approximately 0.4, satisfying a one-
tailed f-test for statistical significance.

SOIL TOPOSEQUENCES AND SOIL CATE-
NAS, by B. Harrison and M. Eppes, Dept. of
Earth and Environmental Science, New
Mexico Institute of Mining and Technology,
Socorro, NM 87801
A soil toposequence is a sequence of soils

located on different positions down a slope pro-
file. A soil catena is a subset of a soil topose-
quence where individual soil properties are
determined strongly by their position on the
slope. The linkage between soils in a catena
indicates a continuity of slope processes, such
as soil creep or throughflow, which result in a
continuum of soil variability from the top to the
bottom of the slope. Catenary relations take
time to develop, so their presence indicates a
period of slope stability. Identification of these
relations can aid in determining the age of fault
scarps and terrace risers and can also indicate
the extent of throughflow and surface runoff off
hillslopes.

Recent work on hillslope soils in the Sevilleta
and near Escondida have identified three situa-
tions where catenary relations have not devel-
oped. Study of these toposequences allows us
to identify situations in which other factors,
apart from slope position, strongly influence
soil forming processes.

On the Sevilleta, two sequences of soils were
described down opposing slopes. The south-
west-facing slope is formed on Capirote quartz
monzonite bedrock, which weathers to gruss.
The gruss is easily transported off the slope,
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and only a very thin soil forms in bedrock.
There is little variation in soil properties down
the slope. The opposing northeast-facing slope
is formed on Ladron quartz monzonite, which
weathers to form a coarse colluvium. Zones in
this monzonite weather much faster than the
surrounding bedrock, appear to have formed
topographic lows at some stage of slope devel-
opment, and are now in the process of being
filled in. Soil chemistry indicates that there is no
significant throughflow on this slope.

The soils described on opposing slopes cut
into upper Santa Fe Formation near Escondida
show a strong influence of the underlying sedi-
ments rather than a systematic variation in soil
properties downslope. Catenary relations will
not develop on these slopes until the underly-
ing variation in sediments has been masked by
the development of a thick colluvial layer.

The soils forming the toposequences in the
Sevilleta have been forming for several thou-
sands of years judging by the amount of calci-
um carbonate that has accumulated in these
soils. This should be sufficient time for catenary
relations to develop. In this case the bedrock
lithology has an overriding influence on slope
processes. The Escondida sequences, on the
other hand, have not been forming long enough
for the establisment of a complete cover of col-
luvium down the entire slope, and thus no cate-
nary soil sequences have been developed.

A CLIMOSEQUENCE ON EARLY HOLO-
CENE FLUVIAL TERRACES ON THE
SOUTH EDGE OF THE ALBUQUERQUE-
BELEN BASIN IN THE RIO GRANDE
RIFT, NEw MEXICO, by M. Fronterhouse, Dept.
of Earth and Planetary Sciences, University
of New Mexico, Albuquerque, NM 87131
Climate is one of several important variables

that influence the formation of soils. Recent

documented increases in desertification threat-
en to significantly alter the environment of
many soils, probably on a global scale.

Therefore, it is important to understand how

anticipated climate change (e.g. global warm-

ing) will specifically affect soil environments.

The evaluation of soils along the elevation gra-

dient is one effective way to study climate’s

influence on soil formation. The transitional cli-
mate regime of the semiarid Southwest in
south-central New Mexico on the southeast
edge of the Rio Grande rift provides an oppor-
tunity to examine closely a soil climosequence
following the “state factor” strategy of Jenny
(1941, 1980). Studies of two soils forming on
fluvial terraces in the Palo Duro drainage basin,
estimated to be of early Holocene age, help
determine the effect of a spatial change in cli-
mate on soil development. One site is at an ele-
vation of approximately 1,830 m where mean
annual precipitation (MAP) is 29.35 mm and
mean annual temperature (MAT) is 19.14°C.

The second site is at an elevation of approxi-

mately 1,422 m, and here MAP is 18.65 mm and

MAT is 21.95°C. The soil profile associated with

the site at the highest elevation is characterized

by the presence of a noncalcareous argillic hori-
zon from a depth of 5 cm to 30 cm, and calcium

carbonate begins to accumulate at a depth of 30

cm and continues to the bottom of the pit at 136

cm. In contrast to this soil, pedogenic carbonate

has accumulated throughout the soil profile
starting at the lower elevation site; its morphol-
ogy is stage II (Gile et al., 1966) and no argillic
horizon is present.

It is unlikely that the small difference in the
present-day climate at the two sites can account

for the observed differences in these two soils.
There are many alternative explanation for the
differences. It is possible that the time period of
the meteorological data collected does not
clearly establish the longer-term contrast in cli-
mate between the two sites. There have been
many climate changes in the Holocene that
could be responsible for the observed changes.
A stronger climatic gradient could produce
greater temperature and precipitation differ-
ences. A greater difference in the climatic gradi-
ent could account for the differences in the
depth of calcium carbonate, clay accumula-
tions, and soluble salts. Climate depends on
many complex responses and invokes many
dependent relationships, for example, the posi-
tive feed back between vegetation and climate
and the effect of the amount of vegetation and
the production of carbonic acid. It is possible
that the contrasts observed are due to the posi-
tive vegetation feedback because the “higher”
elevation site has 70% vegetation cover and the
“lower” site has 20% vegetation cover. The
influx of dust also should be investigated to
determine its influence on the water balance in
the soils. Future studies investigating the possi-
ble complex responses should also be conduct-
ed to aid in future studies of the influences of
climate changes on soil development.

LATE QUATERNARY PALEOCLIMATE
INDICATED BY STABLE ISOTOPIC
ANALYSES OF PEDOGENIC CARBON-
ATE, SOUTHERN NEW MEXICO AND
WEST TEXAS, by B. J. Buck and H. C.
Monger, Pedology Lab, Dept. of Agronomy
and Horticulture, New Mexico State
University, Las Cruces, NM 88003
An understanding of paleoclimate and its

effect on past ecosystems is important in under-
standing and predicting future responses of
ecosystems to climatic shifts. The goal of this
research was to determine (1) the latest
Pleistocene and Holocene vegetational history
and paleoclimate of the Hueco Basin in the
northern Chihuahuan Desert; (2) how other fac-
tors within the ecosystem, primarily sedimen-
tation and erosion rates, respond to changes in
vegetation types and densities;