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“0AR/*? AR GEOCHRONOLOGY OF TEPHRA LAYERS IN THE SANTA FE GROUR

ESPANOLA BASIN, NEW MEXICO

WILLIAM C. McINTOSH! and JAY QUADE?

'New Mexico Bureau of Mines and Mineral Resources, New Mexico Institute of Mining and Technology, Socorro, NM 87801; 2Department of

Geosciences/Desert Laboratory, University of Arizona, Tucson, AZ, 85721

Abstract—Laser-fusion “*Ar/*°Ar analyses yield high-precision, stratigraphically consistent ages for a sequence
of tephra layers within Santa Fe Group strata in the Espafiola Basin, northern New Mexico. Ages determined for
crystals from individual tephra layers are tightly grouped within samples and agree closely with stratigraphic
order: )

Formation Member Tephra Mineral Age(Ma)
Chamita Fm upper tuffaceous member upper ashes sanidine 6.78 £0.03
Chamita Fm upper tuffaceous member lower ash sanidine 6.93 +0.05
Chamita Fm lower tuffaceous member lower ash hornblende 7.7+0.3
Tesuque Fm Skull Ridge Member White Ash #4 sanidine 15.45 +£0.06

These “Ar/*°Ar results help refine age estimates of the Tesuque and Chamita Formations, which have been sub-
jects of previous controversy. The 15.45 Ma age for White Ash #4 confirms the general scheme of paleomagnetic
correlations for the Skull Ridge Member proposed by Barghoorn (1981) and Tedford and Barghoorn (1993), but
contradicts previous younger zircon fission-track ages. Early Barstovian fossils found in the White Operation
Quarry just below White Ash #4 date to ~15.4 Ma. The results from the lower (7.7 Ma) and upper (6.95-6.75 Ma)
tuffaceous zones of the Chamita Formation conflict with previous interpretations of Chamita Formation age based
on magnetostratigraphy and too-young fission track dates (5.3 and 5.6 Ma). However, a recalibration of
magnetostratigraphy with “°Ar/*Ar results matches well with recent revisions of the geomagnetic polarity time
scale (Cande and Kent, 1992). The important late Hemphillian fossils found in the San Juan and Rak quarries in the
upper tuffaceous zone are now dated to between 6.95 and 6.75 Ma. Based on the age and K/Ca ratios of sanidine,
tephra layers in the upper tuffaceous zone represent distal fall facies of the Peralta Tuff, a rhyolite-dome-related

pyroclastic sequence erupted 40-50 km to the southwest.

INTRODUCTION

The Santa Fe Group in the Espafiola Basin contains important records
of Neogene climate, biostratigraphy, mammalian evolution, and tectonic
development of the northem Rio Grande rift. Infilling of this segment of
the rift began in the Oligocene and continues today (Ingersoll et al., 1990).
The Santa Fe Group, conspicuously exposed throughout the Espafiola
Basin, represents much of the Neogene portion of the rift-filling history.
Early interest in the Santa Fe Group centered on mammalian fossil re-
mains collected from throughout the section, and the paleontological rich-
ness of the deposits continues to attract research (Galusha and Blick,
1971; MacFadden, 1976, 1977, Tedford and Barghoom, 1993). The im-
portance of the Santa Fe Group to understanding the tectonic and sedi-
mentary development the rift has also received much attention (e.g.,
Cavazza, 1986,1989; Ingersoll et al., 1990; Cather, 1992).

The Tesuque and Chamita Formations of the Santa Fe Group in the
Espafiola Basin (Fig. 1) contain numerous, laterally persistent tephra lay-
ers, which have been mapped and used as stratigraphic markers by sev-
eral workers (e.g., Galusha and Blick, 1971; Tedford and Barghoom,
1993; Rhoads and Smith, this volume). Tephra layers in the Tesuque
Formation are generally very fine grained (silt-sized), 10 cm to 3 m thick,
and are distributed through much of the unit (Fig. 2). Tephra layers in the
Chamita Formation (Fig. 2) are typically coarser than those in the under-
lying Tesuque Formation, and are generally restricted to two 50-m-thick
intervals termed the lower tuffaceous zone and upper tuffaceous zone by
MacFadden (1976, 1977). Considerable age control for the Tesuque and
Chamita Formations has been provided by fossils (summarized by Tedford
and Barghoom, 1993), magnetostratigraphy (MacFadden, 1976, 1977,
Barghoom, 1981), and limited fission-track dating of the tephras (Manley
and Naeser, 1977; Izett and Naeser, 1986).

In this study we employed high-precision, single-crystal “Ar/*°Ar
methods to date tephra layers in the Tesuque and Chamita Formations,
thereby testing and refining previously proposed chronologies. Devel-
oping a precise, reliable chronology for the Espafiola Basin is critical to
studies that use the basin-fill sequence for reconstructions of Neogene
climate, biological or tectonic history. In addition to dating tephra lay-
ers, we also used single-crystal “°Ar/*’Ar methods to redate samples of
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FIGURE 2. Measured stratigraphic sections showing named tephra layers, stratigraphic distribution of samples, and magnetostratigraphy of Tesuque and Chamita
Formations. Black denotes normal polarity and white denotes reversed polarity. Starred samples were not successfully dated.

the Peralta Tuff, a dome-related pyroclastic sequence exposed in the south-
eastern Jemez Mountains. These analyses were done because published
age determinations from the Peralta Tuff (McIntosh and Harlan, 1991)
suggested possible correlations with tephra layers in the upper tuffaceous
zone of the Chamita Formation.

MEASURED SECTIONS

The exhaustive study of Galusha and Blick (1971) provides a logical
framework for continuing studies of Santa Fe Group stratigraphy. We
measured sections in the same areas as their study, and attempted to relo-

cate all key marker tephras. We adhere to Galusha and Blick’s nomen-
clature of the tephras throughout most of this text.

Our measured section for the Tesuque Formation parallels Arroyo Seco
onthe north side, about 1.5 km NW of NM-503 connecting Nambe Pueblo
and Rancho de Chimayo (Fig. 1). The measured section lies entirely in
Section 15, T20N, ROE (Cundiyo 7.5"), where Galusha and Blick (1971)
measured their sections. Many landmarks and major tephras described
by Galusha and Blick were relocated. We started measurement at White
Ash #1, conspicuously exposed at the base of the “Red Wall” north of
Arroyo Seco (Galusha and Blick, 1971, fig. 15B), and terminated the
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section at White Ash #4. Our measured stratigraphic thicknesses in the
Skull Ridge Member closely match the thicknesses given by Galusha
and Blick, and we felt secure in identifying White Ash #1, 2, F and 4.
However, the exact trace of the Galusha and Blick section was not pub-
lished, and our traverse is probably not identical to theirs. The section
contains numerous lesser tephras, which in many cases thin or disappear
laterally. We sampled many of these lesser tephras but, given their lateral
variability, did not attempt to identify them with those numbered by
Galusha and Blick. We measured the Pojoaque Member of Tesuque For-
mation starting at the base of Los Barrancos and carried over the ridge
until the section is repeated by faulting, in the same area measured by
Galusha and Blick (1971). Our section lies entirely within the S sec.
15, T20N, R8E, starts just below the Lower Blue-Gray Ash, and ends
about 150 m above the Pojoaque White Ash. These tephras and the Up-
per Blue-Gray Ash stand out, and our stratigraphic thicknesses between
these marker beds closely match those of Galusha and Blick. Several
small normal faults cut the section in this traverse, and particular care
was taken to not repeat portions of measured sections.

The Chamita Formation stratotype is exposed below Black Mesa on
the San Juan Pueblo Reservation. Both Galusha and Blick (1971), and
MacFadden (1976, 1977) measured sections in this area, and collected
samples for dating. We did not produce a detailed stratigraphic log for
the Chamita Formation, and confined our sampling to the two major
tuffaceous zones, which we relocated using Galusha and Blick’s descrip-
tions and field notes kindly supplied by B. MacFadden. We sampled
tephras in the tuffaceous zones at several localities (Fig. 2). The upper
tuffaceous zone is well exposed over a large area, and all our samples
come from just south of Arroyo Los Borregos. The lower tuffaceous
zone is less conspicuous and is also offset by faults of unknown dis-
placement in our sampling area (NW1/4 sec. 10, T2IN, R8E). As we
discuss later, this complexity introduces some problems in interpreting
the “°Ar/*Ar results from there, which will only be resolved with de-
tailed mapping.

METHODS

From the measured sections detailed above, 25 samples were collected
for “°Ar/*Ar analysis (Fig. 1). Our goal in the field was to obtain tephra
samples as free from detrital contamination as possible, so many tephras
were scrutinized laterally and vertically for the cleanest material. Some
tephra layers were sampled at multiple localities. Samples were typi-
cally 1-5 kg of unlithified to slightly lithified tephra. Sanidine or horn-
blende separates were prepared from tephra samples by crushing and
sieving samples to 50-800 pm, ultrasonically cleaning them in dilute
(7%) hydrofluoric acid, then applying magnetic and density-liquid tech-
niques, followed by hand picking. For some tephra layers entirely lack-
ing phenocrysts, separates of glass shards were prepared by similar meth-
ods. In addition to samples from the Tesuque and Chamita Formations,
new sanidine separates were prepared from five samples of Peralta Tuff
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and a related lava that were previously dated by “Ar/*’Ar bulk-sample,
step-heating methods at 7.08 to 6.71 Ma (McIntosh and Harlan, 1991).
Aliquots (10-20 mg) of each mineral and glass separate were packaged
with alternating flux monitors of Fish Canyon Tuff sanidine (27.84 Ma,
relative to MMhb-1 hornblende at 520.4 Ma; Samson and Alexander,
1987) and irradiated in the L67 position of the Ford reactor at the Uni-
versity of Michigan.

“Ar/®Ar analyses were performed at the New Mexico Geochronol-
ogy Research Laboratory at the New Mexico Institute of Mining and
Technology. This facility includes an MAP 215-50 mass spectrometer
attached to a fully-automated all-metal argon extraction system equipped
with a 10 watt CO, laser. Crystals from sanidine-bearing samples of the
Peralta Tuff and the upper tuffaceous zone of the Chamita Formation
were large enough to allow laser-fusion analysis of single grains. Typi-
cally, 8 to 12 grains from each of these samples were individually ana-
lyzed. For samples where crystals or glass shards were too small for
single-grain analyses, 8 to 12 different groups of 10 to 40 grains were
fused and analyzed. Samples analyzed by this multiple crystal approach
include hornblende from a tephra in the lower tuffaceous zone of the
Chamita Formation and sanidine and glass from tephra layers within the
Pojoaque and Skull Ridge Members of the Tesuque Formation. Samples
and monitors were fused by CO, laser for 15 seconds, then reactive gas-
ses were removed using a SAES GP-50 getter prior to expansion into the
mass spectrometer. Extraction line blanks during these analyses ranged
from 5 x 10" to 2 x 10" moles *°Ar and 5 x 10'° to 2 x 10" moles *Ar.
The neutron flux values (J-values) within irradiation packages were de-
termined to a precision of +0.25% by averaging results of four subsamples
(each 1-4 crystals, approximately 1 mg) of each sanidine monitor.

RESULTS

Precise ages were obtained from 12 of the 24 samples (Table 1; Ap-
pendix). The successful age determinations include 10 single-crystal
analyses, of coarse sanidine from samples of the Peralta Tuff and the
upper tuffaceous zone of the Chamita Formation, plus two multiple crystal
analyses one of hornblende from the lower tuffaceous zone of the Chamita
Formation sample and one of fine sanidine from White Ash # 4 from the
Skull Ridge Member, Tesuque Formation. As described below, analyses
of 12 other fine-grained K-feldspar or glass shards yielded inconsistent
or geologically unreasonable ages.

For the 10 samples of coarse (0.2-0.8 mm) sanidine, single-crystal
laser-fusion analyses produced precise ages for individual crystals, with
1s analytical precision typically from +0.25 to +£0.5%. Radiogenic yields
were generally high (95-100%) and K/Ca values typically ranged from
35 to 60. Within the population of grains from each sample, single-crys-
tal ages and K/Ca values were tightly grouped (Figs. 3, 4; Appendix).
Mean ages, K/Ca values, and 1s errors were calculated for each sample
from the individual crystal data (Table 1) after excluding a small number
of aberrant analyses (open circles in Figs. 3, 4). Mean ages for these ten

TABLE 1. Summary of “’Ar/*Ar results from Espafiola Basin tephras and Peralta Canyon tuffs.

Sample Unit L# min n Age Error K/Ca  Error
Santa Fe Group tephras, Espanola Basin
RG-118 Chamita Fm, upper tuffaceous zone, 354 m 1678 san 7 6.79 0.02 45.1 4.0
RG-108  Chamita Fm, upper tuffaceous zone, 354 m 1675 san 4 6.81 0.08 48.7 4.4
RG-109  Chamita Fm, upper tuffaceous zone, 354 m 1676 san 9 6.75 0.04 43.7 4.0
RG-117  Chamita Fm, upper tuffaceous zone, 320 m 1677 san 10 6.93 0.05 55.2 6.2
RG-119  Chamita Fm, upper tuffaceous zone, 200 m? 1679 san 7 6.75 0.03 44.8 6.4
RG-120 Chamita Fm, lower tuffaceous zone, 120 m 1683 hbl 9 17 0.3 0.08 0.002
RG-42 Tesuque Fm, Skull Ridge member, White Ash #4 2018 san 9 15.42 0.06 14.4 6.1
Peralta Tuff units, Peralta Canyon area
GSPT-3  tuff of Canada Camada 2351 san 9 6.75 0.09 46.7 2.7
GSPT-4  tuff of Canada Camada 2352 san 9 6.79 0.05 46.4 2.0
GSPT-2  tuff of Colle Canyon 2350 san 9 6.86 0.13 45.7 2.1
GSPT-5  lava correlated to tuff of Peralta Canyon 2353 san 9 6.91 0.06 52.9 1.3
GSPT-1  tuff of West Mesa 2349 san 10 6.96 0.10 532 2.6
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FIGURE 3. Laser-fusion results from ash layers in the Tesuque and Chamita Formations. Values plotted against age for each sample include ideogram curves, moles of
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FIGURE 4. Laser-fusion resuits from Peralta Tuff. See Figure 3 caption for explanation of plots.

samples range from 6.96 to 6.75 Ma; 1s uncertainties in age range from
+0.02 to +0.13 Ma (+0.3 to £1.8%), and mean K/Ca values range from
43.7to 53.2.

Similarly precise ages and high radiogenic yields were obtained from
multiple crystal aliquots of fine-grained sanidine from the sample of White
Ash # 4 from the Skull Ridge Member (Appendix; Fig. 3). The mean age
of nine multiple crystal aliquots from this sample is 15.42 +0.06 Ma,
with a mean K/Ca of 14.4, significantly lower than Chamita Formation
sanidines (Table 1). Multiple crystal aliquots of hornblende from tephra
near the base of the lower tuffaceous zone of the Chamita Formation
yielded individual analyses with lower precision (+1 to +3%) and lower
radiogenic yield (68-97%) than sanidine analyses. Variation among
aliquots is also relatively large, giving a mean age of 7.7 0.3 Ma (+4 %)
(Table 1).

As stated above, separates from 12 of the 24 samples yielded inaccu-
rate ages. These unsuccessfully analysed separates (from samples starred
in Fig. 2) include five fine-grained sanidines and seven glass separates
from the Pojoaque and Skull Ridge Members. Aliquots of the fine
sanidines yielded inconsistent and anomalously old ages (as old as 279
Ma), interpreted as effects of contamination by detrital K-feldspar, prob-
ably Precambrian microcline. The glass separates yielded ages that were
less anomalous (13-23 Ma), but failed to agree within sampled tephra
layers and violated established stratigraphic order. These poor results
may reflect potassium loss related to hydration of the glass shards. Age
determinations from these 12 fine sanidine and glass separates are not
representative of eruption ages of the sampled tephra layers, and were
not included in Table 1, Figure 3, or the Appendix.

DISCUSSION
Tesuque Formation

The only precise “°Ar/*°Ar age determined from the Tesuque Forma-
tion is 15.42 +0.06 Ma for White Ash # 4 in the Skull Ridge Member.
This result contradicts fission-track ages of 14.6 and 13.4 Ma previously
obtained from zircons in White Ash #2 and #4, respectively (Izett and
Naeser, 1986). The 15.42 Ma“’Ar/*°Ar age, however, agrees closely with
the chronology proposed by Barghoorn (1981) and Tedford and
Barghoorn (1993), in which White Ash # 4 occurs approximately 20 m
below magnetic reversal identified as the base of a short normal polarity
interval termed chron C5.Bn.1n and assigned an age of 14.89 Ma by
Cande and Kent (1992).

Chamita Formation

“Ar/*Ar results for tephra layers in the Chamita Formation range from
7.67 to 6.75 Ma (Table 1). The oldest dated unit (Fig. 3) is a hornblende-
bearing thyodacitic tephra from the base of the lower tuffaceous zone of
Tedford and Barghoorn (1993). Its 7.67 +0.33 Ma age, although impre-
cise relative to sanidine analyses, agrees closely with the chronology of
Tedford and Barghoorn (1993). In contrast, results from tephras in the
upper tuffaceous zone differ significantly from the chronology of Tedford
and Barghoorn (1993). Three samples from tephras at the top of this
zone (RG-118, RG-108 and RG-109 in Table 1) yielded statistically in-
distinguishable ages averaging 6.78 +0.03 Ma. A sample from a tephra
at the base of this zone (RG-117 in Table 1) has an age of 6.93 £0.05 Ma,
suggesting that about 0.200 Ma elapsed during the accumulation of the
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upper tuffaceous zone. A fifth tephra, separated by faults from the others
but thought to be stratigraphically below the 6.93 +0.05 Ma tephra layer,
yielded an anomalously young sanidine age of 6.75 +0.03 Ma (RG-119
in Table 1). Furthermore, the mean K/Ca of 40.2 for sanidines from this
sample also agrees closely with K/Ca values of samples from a layer
near the top of the upper tuffaceous zone (Fig. 5). These “°Ar/*Ar ages
and K/Ca values suggest that the tephra layer may be a fault repeat of
stratigraphically higher tephra layers.

The 6.93 to 6.75 Ma range of “Ar/*Ar ages of tephras in the upper
tuffaceous zone is significantly older than the 6.6 to 6.0 Ma age for this
stratigraphic interval given by Tedford and Barghoorn (1993, fig. 4).
DAr/PAr results also conflict with fission track zircon ages of 5.3 and
5.6 Ma obtained from the lower and upper tuffaceous zones, respectively,
by Manley and Naeser (1977). The “Ar/*Ar results, however, match
well with recent revisions of the geomagnetic polarity time scale pro-
posed by Cande and Kent (1992). The chron 3/4 boundary is now as-
signed an age of 7.245 Ma, and our dates on the upper tuffaceous zone
— which is reversely magnetized (MacFadden, 1976, 1977) — would
place this tuffaceous interval largely in chron 3Ar. The important late
Hemphillian fossils found in the San Juan and Rak quarries are now
dated to between 6.93 and 6.75 Ma, significantly older than the 6 Ma
indicated by Tedford and Barghoorn (1993).

A comparison the of *’Ar/*°Ar results from upper tuffaceous zone te-
phras with results from Peralta Tuff units (Fig. 5) strongly supports a
genetic link between the two sequences. If the Chamita Formation sample
suspected of being a fault repeat is discounted, then both sequences show
a stratigraphically progressive sequence of ages ranging from near 6.95
Ma to 6.75 Ma. This stratigraphic age progression for both sequences is

Chamita Fm vs. Perelllta Tuff
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accompanied by a systematic stratigraphic upward decrease in sanidine
K/Ca ratios, from values near 52 to values near 45 (Fig. 5, Table 1).
These systematic trends in age and geochemistry strongly suggest that
the upper tuffaceous zone of the Chamita Formation represents a distal
pyroclastic fall facies of the Peralta Tuff, a rhyolite-dome-related pyro-
clastic sequence erupted from vents in the southeastern Jemez Moun-
tains, 40-50 km southwest of present Chamita Formation outcrops.
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SANTA FE GROUP GEOCHRONOLOGY

APPENDIX—*Arf*Ar analytical data for Espafiola Basin ashes and Peralta Canyon tuffs.

RunID# “Ar/®Ar  "AdPAr  ¥ArPAr PKmoles  K/Ca % Art Age; +Emr, SEM,
RG-118, Chamita ash, 354 m, sanidine, single crystal, J=0.0007971+0.0000002

1678-09 487 115E-02 497E-04 1.3E-14 4.5 9.6 6.752 0.019

1678-04 479 105E-02 1.68E-04 2.7E-14 48.5 986 6.782 0.019

1678-08 479 1.08E-02 146E-04 1.3E-14 472 987 6.782 0.020

1678-03 482 1.37E-02 265E-4 18E-14 373 98.0 6.785 0.018

1678-10 492 113E-02 548E-04 1.8E-14 45.0 963  6.806 0.018

1678-05 533 104E-02 191E-03 1.0E-14 492 89.1 6.809 0.025

1678-02 495 1.16E-02 625E-04 2.0E-14 439 959 6.813 0.019

mean n=7 451 + 40 6.790 0.021  0.008
RG-108, Chamita ash, 354 m, sanidine, single crystal, J=0.0007918+0.0000002

1675-02 481 103E-02 293E-04 4.1E-15 494 978 6713 0.028

1675-01 482 9.34E-03  1.79E-04 1.5E-15 54.6 985 6.767 0.060

1675-08 481 1.15E-02 -1.01E-04 12E-15 443 1002 6.878 0.072

1675-05 479 1.10E-02 -182E-04 2.1E-15 46.6 100.7 6879 0.052

mean n=4 48.7 + 44 6.809 0.083  0.041
RG-109, Chamita ash, 347 m, sanlidine, single crystal, J=0.0007881+0.0000002

1676-07 478 1.07E-02 147E-04 7.2E-15 479 98.7  6.699 0.022

1676-01 584 143E-02 3.70E-03 8.2E-15 35.6 81.0 6.711 0.037

1676-04 501 1.14E-02 8.94E-04 2.0E-14 446 944 6715 0.020

1676-03 499 123E-02 740E-04 13E-14 414 953  6.748 0.022

1676-08 493 1.14E-02 526E-04 1.5E-14 44.6 96.5 6.753 0.020

1676-09 495 1.15E-02  5.60E-04 1.5E-14 4.5 963 6.770 0.021

1676-06 519 129E-02 135E-03 1.0E-14 39.5 920 6776 0.027

1676-05 485 1.08E-02 201E-04 1.6E-14 47.2 984 6.777 0.021

1676-02 484 1.09E-02 481E-05 1.9E-14 469 993 6.825 0.018

mean n=9 436 + 4.0 6.753 0.040 0.013
RG-117, Chamita ash, 320 m, sanidine, single crystal, J=0.0007912+0.0000002

1677-02 490 8.94E-03 2.06E-04 6.5E-15 57.1 984  6.864 0.021

1677-06 491  9.60E-03  1.99E-04 5.7E-15 53.1 984  6.889 0.026

1677-09 502 101E-02 5.34E-(4 9.0E-15 50.3 96.5 6.897 0.019

1677-07 492 88lE-03 1.57E-04 7.2E-15 57.9 98.7 6912 0.024

1677-03 494 8.58E-03 1.96E-04 1.3E-14 59.5 985 6925 0.020

1677-10 4.92 227E-02 137E-04 1LOE-14 22.5 98.8 6.929 0.019

1677-08 489 124E-02 24305 13E-14 41.1 99.5 6929 0.017

1677-01 493 8.54E-03 151E-4 1.2E-14 59.8 98.7 6939 0.019

1677-05 498 846E-03 134E-04 1.1E-14 60.3 988  7.009 0.019

1677-04 502 886E-03 2.71E-04 14E-14 57.6 980  7.015 0.020

mean n=9 552 = 6.2 6.931 0.051 0017
RG-119, Chamita ash, 200 m?, sanidine, single crystal, J=0.0008101+0.0000002

1679-01 486 1.15E-02 824E-04 2.1E-14 442 946 6704 0.018

1679-03 488 157E-02 897E-04 14E-14 324 942  6.707 0.020

1679-08 522 101E-02 196E-03 42E-15 50.5 88.6 6.741 0.035

1679-02 483 1.06E-02  6.05E-04 6.3E-15 481 959  6.756 0.024

1679-10 6.67 3.98E-02  6.83E-03 19E-15 12.8 69.5 6.758 0.087

1679-05 472 112E-02 222E-4 8.6E-15 45.5 98.2  6.765 0.020

1679-09 4.82 1.06E-02 4.89E-04 6.0E-15 481 966  6.800 0.022

mean n=6 448 + 64 6.745 0037 0.015
RG-120, Chamita ash, 120 m, hornblende, 10-12 crystals, J=0.0407971+0.0000002

1683-10B 619 647E+00 84IE-03 2.0E-15 0.079 676 6.033 0.108

1683-09B 6.51 6.06E+00 6.96E-03 19E-15 0.084 752 7053 0.126
1683-07B 6.60 649E+00  6.76E-03 34E-15 0079 77.0  7.327 0.101
1683-08B 6.16 6.30E+00 4.62E-03 1.1E-15  0.081 854  7.586 0.140
1683-03B 591 643E+00 3.58E-03 14E-15 0079 9.1 7679 0.097
1683-06B 637 6.57TE+00 5.17E-03 56E-16 0078 836  7.682 0232
1683-02B 578 6.58E+00  3.14E-03 12E-15 0078 924 7694 0.157
1683-05B 589 631E+00 3.11E-03 7.2E-16  0.081 923 7841 0.171
1683-01B 595 6.12E+00  2.79E-03 1.6E-15  0.083 93.7 8.032 0.088
1683-04B 583 654E+00 225E-03 54E-16 0.078 969  8.137 0.234

mean n=9 0.080 + 0.002 7.670 0333 0111
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APPENDIX—*Ar/*Ar analytical data for Espaiiola Basin ashes and Peralta Canyon tuffs,

RunID# “Ac/®Ar _ “Ac/”Ar  *Ac/”Ar “Kmoles K/Ca _ %“Ar*  Age tErr, SEM,
RG-42, Skull Ridge, White ash #4, sanldine, 10-40 crystals, J=0.0007369+0.000002
2018-08 1267 1.I2E-01 4.58E-03 LIE-15 4.6 89.2 14.966 0.114
2018-05 1232 4.00E-02 237E-03 2.8E-15 128 942 15354 0.052
2018-07 1224  522E-02  2.09E-03 1.6E-15 98 948 15364 0.072
2018-03 1199 3.73E-02 1.21E-03 24E-15 13.7 969 15374 0.060
2018-02 12.10 487E-02  1.54E-03 34E-15 10.5 96.1 15.399 0.052
2018-04 13.26  5.76E-02  542E-03 3.2E-15 8.9 87.8 15413 0.059
2018-01 12.11  3.81E-02 151E-03 3.8E-15 134 962 15416 0.047
2018-06 1195 1.78E-02 9.19E-4 1.7E-15 28.7 976 15434 0.071
2018-09 1234 272E02  2.23E-03 3.2E-15 18.8 945 15435 0.053
2018-10 1255 3.99E-02  2.66E-03 3.3E-15 12.8 93.6 15.550 0.053
mean n=9 144 + 6.1 15.415 0.058 0.019
GSPT-3, tuff of Canada Camada, sanidine, single crystal, J=0.002276766+0.000002
2351-05 167 LI15E-02 143E-04 5.1E-15 4.4 963 6.599 0.054
2351-09 182 1L02E-02 6.28E-04 5.8E-15 498 887 6625 0.055
2351-04 170 1.04E-02  1.24E-04 3.4E-15 492 96.6  6.720 0.078
2351-01 168 1.12E-02 6.09E-05 1.3E-14 45.6 97.7 6750 0.032
2351-08 183 1.07E-02 537E-04 1.2E-14 478 9.2 6.762 0.036
2351-02 168 1.11E-02 -1.39E-07 7.5E-15 46.1 988  6.820 0.043
2351-03 169 1.24E-02 549E-06 1.9E-14 41.1 98.7 6.821 0.029
2351-07 1.69 1.07E-02 3.34E-06 9.3E-15 47.6 98.7 63836 0.037
2351-06 171  1.05E-02  5.85E-05 1.1E-14 485 978 6.841 0.033
mean n=9 467+ 2.7 6.753 0.090  0.030
GSPT-4, tuff of Canada Camada, sanidine, single crystal, J=0.002284573+0.000002
2352-03 175 1.03E-02  3.41E-04 9.3E-15 49.7 931 6.716 0.039
2352-04 171 1.09E-02 147E-04 9.3E-15 46.7 963 6.761 0.039
2352-01 173 1.15E-02  228E-04 3.0E-14 42 950 6.764 0.028
2352-06 1.68 1.10E-02 3.90E-05 14E-14 46.6 98.1 6.7971 0.033
2352-02 1.74 1.13E-02 258E-04 7.1E-15 45.0 945 6774 0.050
2352-05 1.69 1.08E-02  4.53E-05 9.7E-15 473 980 6.812 0.036
2352-10 1.74 1.07E-02  198E-04 9.1E-15 475 955 6823 0.038
2352-08 215 1.05E-02 1.58E-03 1.2E-14 48.5 773 6840 0.050
2352-09 1.77  112E-02 2.70E-(4 8.8E-15 45.7 944 6875 0.043
2352-07 210 LI9E-02 106E-03 5.8E-15 42.8 84.1 7269 0.066
mean n=9 464 £ 20 6.793 0049 0016
GSPT-2, tuff of Colle Canyon, sanidine, single crystal, J=0.002269793+0.000002
2350-06 171 LI5E-02 1.77E-04 3.9E-15 442 95.8 6.701 0.071
2350-07 173  122E-02 201E-04 1.8E-15 41.7 954  6.766 0.123
2350-10 173  114E-02 1.82E-04 4.9E-15 44.8 957 6772 0.048
2350-08 1.89  1.12E-02  7.00E-04 1.7E-15 454 88.0 6.779 0.142
2350-05 210 1.10E-02  138E-03 29E-15 46.3 797 6845 0.112
2350-04 173  1.12E-02  1.26E-04 3.1E-15 454 96.7 6.854 0.086
2350-03 1.71  1.09E-02  2.81E-05 6.4E-15 46.7 983 6876 0.045
2350-02 1.74 1.13E-02 -8.12E-06 6.2E-15 452 9.0 7059 0.048
2350-01 174 1.03E-02 -2.15E-05 9.4E-15 49.3 992 7075 0.037
2350-9 214 1OGE-02 85IE-04 24E-15 48.0 87.3 7.626 0110
mean n=9 457 £ 2.1 6.859 0.130  0.043
GSPT-5, lava correlated to tuff of Peralta Canyon, sanidine, single crystal,

J=0.002285407+0.000002
2353-07 172 947E-03 1.37E-04 6.5E-15 539 965 6.828 0.054
2353-02 204 977E-03  1.20E-03 8.1E-15 522 816 6852 0.056
2353-03 190 9.78E-03 7.12E-04 12E-14 52.1 87.8 6858 0.042
2353-09 171 1.01E-02  6.78E-05 93E-15 50.5 976 63859 0.035
2353-08 1.73  9.76E-03  7.30E-05 9.5E-15 523 97.6 6931 0.040
2353-06 184 977E-03 442E-04 42E-15 522 91.8 6942 0.083
2353-04 190 9.39E-03 6.56E-04 1.1E-14 543 887 6943 0.042
2353-10 1.80 957E-03 2.83E-(4 5.0E-15 533 942  6.966 0.053
2353-01 200 948E-03 942E-04 7.1E-15 538 85.0 6988 0.057
2353-05 2.00 934E-03 825E-04 3.9E-15 54.6 86.8 7150 0.091
mean n=9 529+ 13 6.907 0.058 0.019

McINTOSH AND QUADE



SANTA FE GROUP GEOCHRONOLOGY

APPENDIX—*Ar/*Ar analytical data for Espaiiola Basin ashes and Peralta Canyon tuffs.

Run ID# “Ar/¥Ar  "Ay¥Ar  ¥AdPAr *Kmoles  K/Ca  %¥Ar*  Age +Em, _ SEM,
GSPT-1, tuff of West Mesa, sanidine, single crystal, J=0.002270627+0.000002

2349-08 172 9.06E-03  6.12E-05 2.1E-14 56.3 978 6873 0.030

234907 176  8.95E-03  1.89E-04 24E-14 57.0 95.7 6882 0.031

2349-05 173 1.00E-02 7.63E-05 5.6E-14 50.8 975 6.891 0.023

2349-03 173  1.02E-02 6.95E-05 3.5E-14 50.0 976  6.900 0.025

2349-04 171 103E-02 101E-05 30E-14 49.7 98.6 6907 0.026

2349-01 172 941E-03 635E-06 2.9E-14 54.2 98.7 6937 0.028

2349-02 173 945E-03 549E-05 29E-14 54.0 979 6940 0.029

2349-10 1.77 9.56E-03  1.05E-04 1.7E-14 534 971 17.012 0.030

2349-06 184 994E-03 291E-(4 1.2E-14 513 942 7.075 0.041

2349-09 1.80 9.17E-03 7.94E-05 7.3E-15 55.6 976 7173 0.042

mean n=10 532+ 26 6.959 0098 0.031

Notes: 1. data in italics omitted from calculated means, 2. error is 1 sigma standard deviation,
3. SEM is standard error of the mean.
Analytical parameters:
Espanola Basin tephras - mass discrimination = 1.0066:+0.0019, **Are/”’ Are,=0.0007+0.00005,

2 At Are=0.00026+0.0002, * Are/* Arg=0.0119, © Ar/*” Ary=0.019+0.002
Peralta Tuff units - mass discrimination = 1.004420,0028, * Are,/*’ Ar¢,=0.0007+0.00005,
B Ate, " Are=0.0002610.0002, *Ar/* Arc=0.0119, ©Ar/* Ary=0.02110.003
All ages relative to Fish Canyon Tuff at 27.84 Ma
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