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STRATIGRAPHY OF THE NORTHWESTERN
SIERRA BLANCA VOLCANIC FIELD

SHARI A. KELLEY', DANIEL J. KONING', FRASER GOFF?, COLIN CIKOSKI"?,
LISA PETERS', anp WILLIAM McINTOSH!

2 Department of Earth and Environmental Science, New Mexico Institute of Mining and Technology, Socorro, NM
3 Brown and Caldwell, Boise, ID

ABSTRACT—A thick succession of 28-38 Ma alkalic lava flows, volcaniclastic sedimentary deposits, and minor welded
trachytic ash-flow tuffs is preserved in the northwestern Sierra Blanca volcanic field (SBVF) on the western flank of the
Sierra Blanca massif, on Barber Ridge, and in the Godfrey Hills. Here, we present a stratigraphic framework for this succes-
sion based on geologic mapping, geochronology, and geochemistry. Three sequences of volcanic rocks are preserved on the
Sierra Blanca massif. The 38 to 36 Ma lower sequence is composed of three units that are relatively continuous (listed from
bottom to top): interbedded debris flows and pyroxene-phyric basalt to basaltic trachyandesite flow breccias and lava flows
(Hog Pen Formation), plagioclase-phyric basaltic trachyandesite flows (Rattlesnake Member of the Three Rivers Formation),
and fine-grained trachybasalt to trachyte flows interbedded with maroon volcaniclastic sediment (Taylor Windmill Member of
the Three Rivers Formation). The northward-thickening, 36 Ma rheomorphic Argentina Spring Tuff caps the lowest sequence.
The middle sequence consists of laterally discontinuous volcaniclastic debris flows, basaltic trachyandesite, phonotephrite, and
trachyte of variable thickness (Double Diamond Member of the Three Rivers Formation, 36-34 Ma). The highest sequence on
the Sierra Blanca massif is composed of thick, biotite- and potassium feldspar-bearing, 33-31 Ma flows filling paleovalleys cut
into the older lavas. Volcanic rocks on Barber Ridge between Sierra Blanca and the Godfrey Hills are composed exclusively of
the 38-37 Ma debris flows and pyroxene-phyric flow-breccias and lavas of the Hog Pen Formation. The Godfrey Hills, on the
hanging wall of the north-striking, west-dipping Godfrey Hills normal fault, preserve the younger part of the volcanic succes-
sion of the SBVF. The oldest units in the Godfrey Hills are distal equivalents of the Hog Pen Formation, and the Rattlesnake
Canyon and Taylor Windmill members of the Three Rivers Formation on Sierra Blanca. A thin lithic-rich tuff with biotite and
brown porphyritic clots, the Buck Pasture Tuff, lies above the Taylor Windmill Member; this tuff may correlate with a similar
tuff above the Argentina Springs Tuff on Sierra Blanca. The upper succession in the Godfrey Hills is divided into two units, the
older (34 to 28.7 Ma) Lopez Spring Formation with lavas of variable composition and the younger Husk Windmill (28.7-28.2
Ma) Formation dominated by trachytic lava and tuff. The northwestern SBVF primarily formed during two widespread pulses
of volcanic activity at 38—34 Ma and 29.4 -28.2 Ma and a more localized episode 33—31 Ma. The youngest volcanic rocks dated
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so far in the northwestern SBVF were erupted at ca. 28.2 Ma; the youngest sill is ~27 Ma.

INTRODUCTION

The Sierra Blanca volcanic field (SBVF) in south-central New
Mexico is located at the transition between the tectonically stable
High Plains and the tectonically active western United States (Fig.
1). Like many volcanic fields within the Great Plains alkaline
province, located to the north and south along this fundamental
boundary in the North American plate, this volcanic field provides
important clues about the state of the mantle and the crust during
the time that the subducting Farallon plate began to founder, as
discussed by Moore et al. (1991). Furthermore, the SBVF devel-
oped during the time interval encompassing the gradual structural
shift from Laramide compressional and strike-slip deformation to
Rio Grande rift extension, providing a good record of when and
how the transition proceeded in this area, as described in detail by
Koning et al. (this volume). The SBVF is within the Sierra Blanca
Basin, a north-northeast trending Laramide to post-Laramide
basin (Koning et al., this volume) that lies on the northeastern
margin of the Tularosa Basin, a significant Oligocene to Miocene
basin that formed during Rio Grande rift extension (e.g., Seager
et al., 1984; Orr and Myers, 1986).

Starting in 2007, a team of geologists associated with the
New Mexico Bureau of Geology and Mineral Resources mapped
the northwest side of the Sierra Blanca massif. This mapping

Appendix data for this paper can be accessed at:
http://nmgs.nmt.edu/repository/index.cfm?rid=2014002

extended to the northeastern border of the Tularosa Basin between
Tularosa to the south and Carrizozo to the north, including both
Barber Ridge and the Godfrey Hills located west of Sierra Blanca
(Fig. 1). During the course of the 1:24,000 scale mapping, we
came to recognize several distinct, mappable volcanic and plu-
tonic units exposed on the western and northern margins of the
Sierra Blanca massif, on Barber Ridge, and in the Godfrey Hills
in the northwestern part of the SBVF (Fig. 1). This paper sum-
marizes refinements to the stratigraphy developed by Thompson
(1972) for the lava flows and volcaniclastic deposits in this area.
The plutonic rocks of the Three Rivers Stock are discussed by
Goff et al. (this volume). This refined stratigraphic framework
captures the episodic nature and compositional changes of the
volcanism through time in this area.

PREVIOUS WORK

Thompson (1964, 1966, 1972, 1973) divided the volcanic
rocks of the northwestern SBVF into four formations (listed oldest
to youngest): Walker Andesite Breccia, Nogal Peak Trachyte,
Church Mountain Latite, and Godfrey Hills Trachyte. Thompson
(1964) measured ~1020 m of volcanic rocks along two section
lines on the west side of the volcanic field between the ridge on
the north side of Elder Canyon and the top of Nogal Peak (Figs. 1,
2). Thompson recognized 41 volcanic units along this composite
section, 36 of which were later assigned to the Walker Andesite
Breccia (Thompson, 1972; Fig. 2). Although most of the units are
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FIGURE 1. Hillshade index map of the northwestern part of the Sierra Blanca volcanic field showing the stratigraphic type sections of our proposed
units (white circles) and geographic features discussed in the text. The approximate location of the idealized section presented in Thompson (1973)
is depicted by the black line segments. The white box labeled BPT (Buck Pasture Tuff) highlights the location of exceptional exposures of this unit.

described as “andesite porphyry” and “andesite breccia,” he did
identify a few distinctive units, including a hornblende-bearing
“andesite porphyry” (unit 2) and a tuff with abundant plagioclase
laths (unit 18; Fig. 2). Three thick “andesite” flows near the top
of the sequence (units 30, 32, and 34) can be traced for a few
km along the western escarpment of Sierra Blanca. Thompson
(1964) described the Nogal Peak unit near the top of the section
as a porphyritic hornblende andesite. He also discussed the strik-
ing lack of topographic relief on the flows between eruptions and
the general continuity of lava flows in certain parts of the mea-
sured section.

Through the years, Thompson made additional observations
about the stratigraphy of the northwestern SBVF. Thompson
(1972, 1973) noted an up-section decrease in pyroxene and
an up-section increase of hornblende, sanidine, and biotite.
He more clearly defined the Nogal Peak Trachyte to consist of

five units with a total preserved thickness of 300 m, including
two fragmental units displaying a “...fluidal structure around the
phenocrysts and fragments” that are separated by a volcaniclastic
interval (Thompson, 1973, p. 6; units 37 and 38, Fig. 2). He
defined the ~230 m-thick Church Mountain Latite, which con-
sists of lava flows and ash flow tuffs containing sanidine and
hornblende phenocrysts that are embayed or replaced; flow-
banding is a common texture in the tuffs (Thompson, 1973).
The Church Mountain Latite has a K-Ar age of 31.8 +1.3 Ma
(Thompson, 1972; adjusted to 32.0 Ma, see methods section
below). Both Thompson (1973) and Weber (1964) recognized
the similarity of the lava flows on Church Mountain and
on Gaylord Peak (Fig. 1) in the northern part of the field.
Finally, Thompson (1972) applied the name the Godfrey Hills
Trachyte to the 180 to 550 m thick succession of lava flows,
tuffs, and volcaniclastic sediments overlying the Walker Andesite
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Breccia in the Godfrey Hills. A flow near the base of the unit
yielded a K-Ar age of 26.1 1.1 Ma (Thompson, 1972, 26.2 Ma
adjusted value).

The southern part of the volcanic field on the Mescalero
Apache Reservation was mapped and described by Moore et
al. (1988a, 1988b, 1991) and Allen and Foord (1991). Although
no formal stratigraphy was proposed, Moore et al. (1991) did
recognize spatial patterns and general chemical trends through
the evolution of the volcanic pile, particularly upward enrichment
of both silica and alkalis. These authors point out that, gener-
ally, trachybasalt, trachyandesite, tephriphonolite (i.e., alkalic
trachyandesite, see Figure 3 for volcanic rock classification) and
trachyte flows intercalated with volcaniclastic sedimentary rocks
are exposed in the northern part of the field. In contrast, more
alkalic lavas, including phonolite porphyry flows, trachyte and
phonotephritic flow breccias, and trachybasalt flows interbedded
with volcaniclastic sedimentary rocks are exposed in the southern
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FIGURE 2. The right-hand column presents the stratigraphic column
published by Thompson (1973). The middle column shows key beds that
we easily correlate to our proposed stratigraphy. The left-hand column
illustrates our best attempt of correlating our proposed stratigraphy to
that of Thompson (1964, 1973).

part of the field. The southern extremely alkali-rich lavas inter-
finger with the northern alkaline lavas in the central and northern
parts of the field in the vicinity of Three Rivers Canyon (Fig. 1;
Moore et al., 1991). Like Thompson (1973), Moore et al. (1991)
noted the decrease of pyroxene and olivine and the increase
of biotite up-section in the northern part of the field. Moore et
al. (1988a, 1988b) mapped three generalized volcanic units in
the southern part of the field (oldest to youngest): (1) trachyte
flows, phonotephritic flow breccias, and minor ash flow tuff;
(2) porphyritic phonolite flows; (3) trachybasalt flows.
According to the correlation charts on these maps, some of the
trachybasalt flows are older than the porphyritic phonolite flows.
The age of the base of the volcanic succession postdates 37.3-37.8
Ma (adjusted ages 37.5-38.0 Ma), the age of intrusions below
the lavas (Allen and Foord, 1991). Uppermost trachyphonolite
flows are cross-cut by a 37.0 Ma (adjusted to 37.2 Ma) nepheline
syenite intrusion near Sierra Blanca Peak, providing a minimum
age constraint for preserved lavas in the southernmost part of
the volcanic field (Allen and Foord; 1991). Thus, two pulses
of volcanism were documented by previous workers, one at
38-37 Ma (Allen and Foord, 1991) and a poorly constrained
episode at 30 to 26.2 Ma (Thompson, 1972).
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FIGURE 3. Total alkali versus silica diagram showing the geochemistry
of samples collected during this study keyed to stratigraphic unit. The
TUGS classification of volcanic rocks (after LeBas et al., 1986) is plotted
for reference.
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METHODS

Here we divide the “Walker Andesite Breccia” of Thompson
(1964, 1972) into several compositionally distinct flow sequences
separated by gradational boundaries. We use a combination of
geologic mapping, geochronology, and geochemistry to develop a
revised stratigraphic framework for the volcanic rocks in the north-
western part of the volcanic field between the Godfrey Hills on the
west, Church Mountain to the north, and the village of Nogal and
Ski Apache on Sierra Blanca to the east. As the formulation of the
stratigraphy progressed, we identified areas with good exposures
on public land as type sections to facilitate future study of these
volcanic rocks.

Geochronology

The new “°Ar/°Ar dates reported here were determined at
the New Mexico Geochronology Research Laboratory using
methods similar to those described in McIntosh and Chapin
(2004). An age of 28.02 Ma for the Fish Canyon Tuff (Renne
et al., 1998) was used in age calibration and to adjust previ-
ously published dates (the adjustment involves multiplying the
old values by 1.006). Ages of twelve lava flows, six tuffs, two
sanidine-bearing dikes, a sill, and a biotite-bearing dacite cobble
from a volcaniclastic unit are presented to constrain timing within
the stratigraphic framework. Many more samples were submitted
for analysis, but quite a number of rock units could not be dated
because of alteration and lack of datable phases. Successful dates
from samples from other intrusions gathered during this study
are presented in companion papers (Goff et al., this guidebook;
Koning et al., this guidebook). Several of the dates from the lava
flows are incremental-heating plateau ages for biotite and horn-
blende phenocrysts and for groundmass concentrates from rocks
lacking datable phenocryst phases. Sanidine-bearing tuffs, lavas,
and dikes were dated using single-crystal, laser analysis. Ana-
lytical uncertainties for individual samples are reported to two
standard deviations (95% confidence level). Detailed procedures
are described in Appendix 1 in the NMGS data repository. The
new dates most pertinent to this investigation are summarized in
Table 1, which is organized temporally from youngest to oldest.
The analytical age data, age spectra, quality of the analyses, and
probability plots are also available in Appendix 1.

Geochemistry

Most of the rock names assigned during mapping were based
on hand lens or thin section identification of visible phenocrysts.
Chemical analyses were acquired for key units in the succession
so that proper rock names based on a total alkali versus silica plot
(LeBas et al., 1986) could be applied to the stratigraphic frame-
work. Geochemical samples were broken into coarse chips with
rock hammer and 240 g of clean chips with no weathered surfaces
were sent to ALS Laboratory Group in Reno, Nevada. Major ele-
ments in the samples were measured using lithium borate fusion
of the sample prior to acid dissolution, followed by analysis using
both an ICP-AES and ICP-MS (ALS’s process CCP-PKGO1).

Carbon and sulfur were determined using a combustion furnace.
Three types of digestion were used in trace element analysis:
a lithium borate fusion for the resistive elements, a four acid
digestion for the base metals, and an aqua regia digestion for the
volatile gold-related trace elements. Trace elements, including
the full rare earth element suites, were measured using either an
ICP-AES or ICP-MS. The results are available in Appendix 2 in
the NMGS data repository and are plotted in Figure 3.

Measured sections

Stratigraphic type sections were measured using a Jacob staff,
Brunton compass, and hand-held GPS units. For each of the type
sections, units were described in detail at the time of measure-
ment and, for many sections, hand samples were taken from
each unit. The hand samples were examined under a binocular
microscope and additional details noted. Exact locations, detailed
descriptions, and graphical presentations are archived in Appen-
dix 3. The geographic names and positions of the units within
the stratigraphy can be found in Figures 1, 2, and 4 and will be
described in detail in the next section.

The type section for the oldest volcanic unit in the SBVF, the
Hog Pen section, is located in a small drainage just west of Water
Canyon Campground on the western escarpment of the Sierra
Blanca massif, 15 km southeast of Carrizozo. The name of this
unit, the Hog Pen Formation, is derived from Hog Pen Canyon
located just north of the measured section (Fig. 1). The base of
the section is located near the trail into Water Canyon and is in the
Lincoln National Forest.

The Hog Pen Formation and the overlying Three Rivers
Formation are well exposed on a ridge northeast of the Three
Rivers Campground, located between Three Rivers Canyon and
Dry Canyon along the western escarpment of the Sierra Blanca
massif. The base and the top of the section are located near trails
and are in the Lincoln National Forest. The name of the unit
above the Hog Pen Formation, the Rattlesnake Canyon Member
of the Three Rivers Formation, comes from Rattlesnake Canyon
located to the northwest of the section line (Fig. 1).

A thinned succession of Hog Pen Formation and the
Rattlesnake Member of the Three Rivers Formation are present
on the west side of the Godfrey Hills in an arroyo 2.3 km north-
east of Taylor Windmill on BLM property. The type section for
the overlying unit, herein named the Taylor Windmill Member of
the Three Rivers Formation, is located to the east of the arroyo.
The section measured near Taylor Windmill includes the Hog Pen
Formation, all three members of the Three Rivers Formation, and
the Buck Pasture Tuff (Appendix 3). The Buck Pasture Tuff is
named for exposures of this unit near a spring at the north end of
the Godfrey Hills (Fig. 1).

A small drainage just north of Lopez Spring on the west side of
the Godfrey Hills exposes the type section for the Lopez Spring
Formation, which overlies the Buck Pasture Tuff. The type sec-
tion for the youngest part of the sequence in the SBVF is on
Jackass Mountain on the west side of the Godfrey Hills and is
named for nearby Husk Windmill. The Palisades Tuff, the Rose
Peak Trachyte, and the Crawford Canyon Trachyte exposed in
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TABLE 1. Ar/*$U GDWHV Rl YROFDQLF URFNV LQ WKH QRUWKZHVWHUQ 6LHUUD %ODQFD YRO

)

=3 Age  Error Dated
& Field# General location Rock Tiie Stratiiraihic Position Eastini Northini iMai iMai Phase iualiti
1 08GD19a Crawford Spring vitric lithic tuff interbedded with 28.23 sanidine good

volcaniclastic
*RORQGULQD 'UDZ TXDGUDAQJO Kdediments in a faulted area

2 110S03 Jackass Mountain ashy biotite trachyte  within Crawford Canyon 0.05 sanidine noisy
2VFXUD TXDGUDQJOH Trachyte

3 08GD22 Crawford Canyon 5RVH 3HDN W UjosFabbve Ralisades Tuff 28.59 0.05 sanidine good
*RORQGULQD 'UDZ TXDGUDQJOH

4 10GP10 5RVH 3HDN 5RVH 3HDN W UdKKE KOrtl éf the 28.53 0.03 sanidine good
*RGIUH\ 3HDN TXDGUDQJOH Jackass Mtn. fault

5 11GP29 6 RI +DOI1zZD\ :LQ Blézk @ Palisades Tuff clast in highest volcaniclastic 28,55 0.1  sanidine fair
*RGIUH\ 3BHDN TXDGUDQJOH unit

6 08GD23 Crawford Canyon Palisades Tuff Palisades Tuff 0.07 sanidine good
*RORQGULQD 'UDZ TXDGUDQJOH

7 09GP25 5RFN 3RLQW 6 S URAsades Tuff Palisades Tuff 0.08 sanidine fair
*RGIUH\ 3HDN TXDGUDQJOH

8 *3 5RVH 3HDN biotite trachyte immediately below 3700910 28.78 sanidine noisy
*RGIUH\ 3BHDN TXDGUDQJOH Palisades Tuff

9 0-2 Lopez Spring biotite trachyte cobble iBetween the Buck Pasture 0.2  biotite poor
2VFXUD TXD G U D Qaldaritlastic sediment and Palisades tuffs

10 10CM1 KHDGZDWHUYV R blogt&JtPabh@te& D Q\ above the tuff of upper 3707919 0.38 gm poor
&KXUFK ORXQ@WDLQ TXDG 1RJDO &DQ\RQ
rangle

11 08GD20 Crawford Canyon trachyte below Palisades Tuff in 31.05 gm poor
*RORQGULQD 'UDZ TXDGUDQJOHWRXWKHUQ *RGIUH\ +LOOV

12 CMC82 Church Mountain phonolite Church Mountain Phonolite 32.7 0.1 sanidine good
&KXUFK ORXQWDLQ TXDG near base
rangle

12 CMC82 Church Mountain phonolite Church Mountain Phonolite 32.95 0.12 biotite good
&KXUFK ORXQWDLQ TXDG near base
rangle

13 CMCB83 Church Mountain phonolite Church Mountain Phonolite 3712021 32.71 0.13 biotite good
&KXUFK ORXQWDLQ TXDG
rangle

14 *3 5RVH 3HDN Buck Pasture Tuff Buck Pasture Tuff 3700988 0.05 sanidine noisy
*RGIUH\ 3HDN TXDGUDQJOH

15 ) Spring Point trachyandesite overlies Argentina Spring Tuff 35.32 gm good
1RJDO 3HDN TXDGUDQJOH

16 13 6DQGHUV 5LGJH Argentina Spring Tuff  Argentina Spring Tuff 0.7 gm poor
1RJDO 3HDN TXDGUDQJOH

17 ) Spring Canyon trachydacite underlies Argentina 3703328 0.13 gm good
1RJDO 3HDN TXDGUDQJOH Spring Tuff

18 13 Sanders Canyon trachybasalt LQ 7D\ORU :HOO )P MXVW DERYH gm poor
1RJDO 3HDN TXDGUDQJOH FRQWDFW ZLWK +RJ 3HQ

19 7X west side of northern God- biotite and hnd-bearing ORZHU +RJ 3HQ )P 3701389 0.21 hb fair
IUH\ +LOOV 2VFXabytd XD G
rangle

20 11GP7 %DUEHU 5LGJH trachybasalt with ORZHU +RJ 3HQ )P 37.01 0.1 hb fair

*RGIUH\ 3HDN TXBGIRIJBQBHD QG KRUQ
EOHQGH [HOQROLWKYV

21 *3 QRUWK RI +DOIZBanidinge&in@i@chymike cutting Crawford 28.57 0.08 sanidine fair
*RGIUH\ 3BHDN TXDGUDQJOH Canyon Trachyte
22 10GP22 5RVH 3HDN sanidine-bearing trachyteuts Palisades Tuff 17.91- sanidine com
*RGIUH\ 3BHDN TXDGUDQJOH 29.3 SOH]
23 08GD31 6RXWKHUQ *RGIUMHTXHLIQDOWY XODW YEPDUAMWR LQWUXGH +RJ 3H@5 0.81 gm fair
Golondrina Draw orthoclase and hofn )P
blende

hb=hornblende; gm=groundmass
870 ORFDWLRQV 1$' |RQH



