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A Zeolitic Tuff in a Lacustrine Facies of the
Gila Conglomerate near Buckhorn,

Grant County, New Mexico

By Arthur J. Gude, 3rd, and Richard A. Sheppard

Abstract

Zeolite minerals are abundant and varied in a conspicuous
air-fall tuff in a lacustrine facies of Pliocene (?) age in the up-
per part of the Gila Conglomerate near Buckhorn, New Mex-
ico. Mudstones and siltstones that underlie and overlie the
zeolitic tuff contain trace to minor amounts of authigenic
zeolites. The white to yellow tuff is a stratigraphic marker 0.45
to 2.75 m thick and was sampled at outcrops over an area of
about 11 km?2. Locally the tuff consists almost entirely of
zeolites in sufficient quantity to be mined for commercial use.

A lateral diagenetic mineral zonation basinward is shown
by chabazite at the margin where unaltered vitric glass is also
present, then clinoptilolite, and then clinoptilolite and analcime.
Erionite occurs locally with clinoptilolite and analcime.
Analcime is most abundant in the basal part of the tuff, and
it is the only zeolite that shows a replacement relationship with
the other zeolites. Authigenic silica and silicate minerals
associated with the zeolites formed during diagenesis in a silicic
vitric ash that had been deposited in a closed-basin saline
alkaline lake. In addition to zeolites, the tuff commonly con-
tains authigenic smectite, quartz, opal, potassium feldspar,
calcite, fluorite, and gypsum. The minerals and their relative
abundance were determined by X-ray diffractometer studies.
Scanning electron microscopy examination shows a
paragenetic sequence, from early to late, of chabarzite, clinop-
tilolite, erionite, and then analcime. Mordenite, where present,
may have formed during a later time of authigenesis.

INTRODUCTION

Zeolites, associated with authigenic silica and
silicate minerals, occur near Buckhorn, Grant County,
New Mexico (fig. 1) in altered siliceous tuffs in a lacus-
trine facies of the upper part of the Gila Conglomerate
of Pliocene(?) age in this area.

Buckhorn, a hamlet in northwestern Grant Coun-
ty, New Mexico, is on U.S. Highway 180 about 50 km
northwest of Silver City. Cliff and Gila are small towns
on the Gila River 12 and 15 km southeast of Buckhorn,

respectively. Glenwood is 42 km north on Highway 180.
Duck Creek and its tributaries form the stream system
that flows southeast through Buckhorn Valley to join the
Gila River near Cliff. The present-day valley along Duck
Creek is in a topographic and structural feature named
the Mangas Trench by Trauger (1965, p. 186). It is
flanked by northwest-trending parallel basin-and-range
mountains and normal fault systems.

GEOLOGIC SETTING

On the western margin of the valley, about 1.5 km
southwest of Duck Creek, the northwestern-trending
flanks of Black Mountain consist of andesitic lava flows
(T. L. Finnell, personal commun., 1982). The andesitic
flows of Miocene and (or) Oligocene age may correlate
with the Bear Wallow Mountain Formation of Elston
(1976). Miocene and (or) Oligocene silicic volcanic rocks
(Ratté, and Gaskill, 1975) at the southern end of the
Mogollon Mountains form the eastern edge of Buckhorn
Valley, about 15 km east of Duck Creek. Gravels, sands,
fanglomerate units, and interfingering lavas and tuffs in
the Gila Conglomerate, along with the youngest alluvium,
cover the floor of the valley. A pre-Pleistocene fresh-to-
slightly brackish or saline lake, which may have covered
more than 100 km?, “‘extended from at least several
miles southeast of Cliff northwestward to the Cactus flat
area 10 miles [16 km] northwest of Buckhorn’’ (Ratté,
and Finnell, 1978, p. 53, and Ratté, 1978, p. 84).

GEOLOGY AND DESCRIPTION OF
SAMPLED LOCALITIES OF THE STUDY AREA

Evidence gathered during our field studies shows
that a small 25-30 km? closed basin existed in which a
saline, alkaline soda-lake environment developed. This

Geology and Description of Sampled Localities 1
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Figure 1. Location map showing Buckhorn, Grant County, and other New Mexico localities.

studied are shown in the geologic map (fig. 2). Most are
south of Highway 180, with a detached site about 1 km

east of Buckhorn.

A resistant, conspicuous, 0.45- to 2.75-m thick tuff,
in the lower part of the lacustrine sequence, is a marker
bed and the subject of this study. It is present at 15 of

lake, in early Pliocene(?) time, was the site for lacustrine
sediment deposits to develop in the upper Gila Con-
glomerate. In this closed-system hydrologic setting, zeolite
deposits formed during the diagenesis of silicic volcanic
vitroclastic sediments. The 11 km? approximate extent
of the exposed lacustrine units that were sampled and

2 Zeolitic Tuff in the Gila Conglomerate, New Mexico
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silica forms resistant ledges, and the silica may persist as
a capping layer on small buttes or hillocks. Two silica
minerals, opal-CT and quartz, are common in the
Buckhorn area. Opal may be more abundant than is
shown in table 1; it is generally nearly amorphous and
thus may be overlooked in X-ray records when it is pres-
ent in minor or trace amounts. On the other hand, quartz
is easily detected, even when present in trace amounts,
because of its excellent crystallinity.

Quartz noted in table 1 may be detrital or auth-
igenic, or a mixture of both varieties. Where it is present
with plagioclase and a 10A clay, the quartz is commonly
detrital. Where the descriptive notations in table 1 in-
dicate that the sample is chert, or a siliceous bed, and
very fine grained, the quartz is authigenic chalcedony.

The chert at several localities is readily distinguish-
able as ‘“Magadi-type’’ chert (Sheppard and Gude, 1973,
1974, 1982; Surdam and others, 1972; Hay, 1968). It has
the typical reticulated surface of Magadi-type chert with
a fine-textured ‘‘snake skin’’ pattern developed on the
chert surface. This chert is found at Buckhorn as irregular
nodules and plates from a few millimeters thick up to
masses 1 cm thick and several centimeters across. The
nodule cores are massive, fine grained, opaque and usual-
ly gray, green, or brown. In a few places the cores are
more translucent and red or pink. A thin, 1-3 mm rind,
which often displays the surface reticulation, is always
present, unless worn off during surface weathering and
abrasion in a water course. At a few localities, the sur-
faces show more than one stage of shrinkage and crack-
ing during development of the reticulated pattern. Chert
fragments are especially common in the float litter on the
weathered slopes above the marker tuff localities. At
locality BNM-2, and at the topmost unit of measured sec-
tion BNM-28, Magadi-type chert is found in place. It is
exposed in thin, discontinuous layers or lenses, which lap
onto the older volcanic rocks at the lake margin.

The chert core and rind are almost entirely com-
posed of silica, except for trace amounts of detritus in-
corporated during the beginning stages of diagenesis
(Hay, 1968; Jones, 1965, 1966, Jones and others, 1977)
of the material. Quartz is the only identifiable silica
mineral in the core. However, there is a consistent pat-
tern of 3 to 6 X-ray diffraction peaks that are not part
of any previously described silica mineral. These peaks
are sharp and appear as small diffraction maxima, from
2.4 to 4.5A. Spectrographic analyses of core material
from several localities show only silicon and a few ppm
of other elements, which total less than 0.1 percent of
the sample. Thus, a trace of a crystalline silica phase that
has not been identified is present in Magadi-type chert.

Rind material, carefully selected to be free of core
material, may contain silhydrite (SiO,-3H,0) (Gude and
Sheppard, 1972), mixed with quartz and some of the sur-
rounding rock. Silhydrite has been shown to be an

14  Zeolitic Tuff in the Gila Conglomerate, New Mexico

intermediate mineral formed during diagenesis of
magadiite as it converts to chert. The silhydrite has been
noted in this area only from chert specimens collected at
the localities 2.7 km east of Buckhorn, away from our
study area.

Opal-CT, as defined by Jones and Segnit (1971),
is a third silica phase shown to be present at several sites
listed in table 1. Silica is released during the alteration
of the glass shards in the silicic vitric tuffs during
diagenesis. Opaline beds or lenses are often found at
lithologic boundaries where a tuff overlies a mudstone
unit. Silicified wood fragments, as at BNM-28-6B, are
also composed of opal-CT.

Zeolite Minerals

Six zeolite minerals are present in the tuffaceous
lacustine beds at Buckhorn. Clinoptilolite, chabazite,
erionite, phillipsite, mordenite, and analcime are found
in amounts that vary from a single minor occurrence of
phillipsite at BNM-28, to nearly monomineralic beds of
clinoptilolite in the marker tuff.

Clinoptilolite

Clinoptilolite is found at every sampled locality in
the study area except BNM-15, BNM-23, and BNM-36,
where chabazite is present. At BNM-16 the tuff is a nearly
monomineralic clinoptilolite bed. The deposit at this site
has been leased and quarried, and several tons have been
shipped to various agricultural and industrial users.

The variability in relative abundance of clinop-
tilolite, and in differing mineral associations laterally and
vertically within the marker tuff, is readily apparent from
table 1. Such variability is a common characteristic of
authigenic zeolites formed in lacustrine deposits of this
type, and may indicate responses to subtle changes in the
low-temperature, low pressure diagenetic conditions in
shallow, closed-lake, saline alkaline environments. The
chemical analyses of five clinoptilolite-rich samples from
three localities, shown in table 2, further document the
variability of properties often encountered in any zeolite
species that seems to have a uniform lithology and con-
stant appearance in a field setting.

Olander (1979) made detailed collections of
clinoptilolite-bearing rocks from five marker tuff sites in
a 1 km? area near our localitiecs BNM-4, BNM-29, and
BNM-32. He studied mineralogical phase changes in
clinoptilolite induced by controlled heat treatment (Boles,
1972; Alijetti, 1972) that are shown by changes in X-ray
powder diffraction patterns. Chemical analyses and the
cation exchange capacity (CEC) were made on the same
sample suites. He concluded that ‘“variations in solution
and parent ash composition, * * * chemistry, pH, and





















Locality BNM-15, the detached site east of Buckhorn,
is the only place where each of the three zones nearly
overlap. This may be a locality where a near-shore em-
bayment developed the highly alkaline and saline condi-
tions needed to alter glass to chabazite and the other
zeolite minerals, and then some of the early-formed
zeolites to analcime. In figure 168 the associations of the
minerals are shown as in figure 15B. The boundary along
the east edge of the zeolite zone marks the change toward
the middle of the original lake where the chemistry
became most alkaline.

In figures 15C and 16C the innermost zone is desig-
nated where analcime is found. Three earlier studies
(Sheppard and Gude, 1968, 1969, and 1973) found clear
evidence for a distinct diagenetic zonation such as that
at Buckhorn. The presence of authigenic potassium
feldspar with, or instead of, analcime as seen in the above-
noted studies is indicated at Buckhorn in samples higher
in the measured section (fig. 4 and table 1). If more of
the marker tuff were exposed in the basin center,
potassium feldspar might have been detected.

SUMMARY

Silicic vitric tuffs in the Cenozoic Gila Conglom-
erate, deposited in a closed basin lacustrine setting, have
been altered to zeolite and associated authigenic silicate
minerals. Low-temperature, low-pressure physical con-
ditions, and a saline, alkaline lake chemistry provided the
environment for diagenesis of a marker tuff found near
the base of the exposed lacustrine sediment section. Three
diagenetic zones, arrayed in a partial concentric pattern,
are defined by a mineralogical sequence of authigenic
zeolites similar to those of other zeolite deposits found
in lacustrine rocks in many basins in the southwestern
U.S. basin-and-range settings.
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