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Abstract 
This report presents 40Ar/39Ar sanidine ages and paleomagnetic data for 36 ignimbrites and associated 

lavas in the Eocene—Oligocene Mogollon—Datil volcanic field of southwestern New Mexico. 
40Ar/39Ar age spectra from the ignimbrites yield plateau ages which range from 36.2 to 24.3 Ma and 

show within-sample and within-unit 10 precision of ±0.5% or better. These ages agree closely with 
independently established stratigraphic order and indicate that Mogollon—Datil ignimbrite activity was 
highly episodic, being confined to four brief (<2.6 my.) eruptive intervals separated by 1.5 to 3 m.y. long 
hiatuses. 

Ignimbrite outflow sheets show stable paleomagnetic remanence directions which are uniform over 
most of their areal extents, including facies ranging from thick, densely welded proximal ignimbrites to 
unwelded distal fringes as thin as 1.5 m. 

Used in concert with lithologic and stratigraphic position data, 40Ar/39Ar ages and paleomagnetic 
directions allow accurate long-range ignimbrite correlations which provide reliable ties between 
previously established subregional stratigraphic sequences. These correlations have helped to establish an 
integrated time-stratigraphic framework for the Mogollon—Datil volcanic field. 

Introduction 

Since the mid-1950's the 40,000 km2 late Eocene—Oligo-
cene Mogollon—Datil volcanic field (Fig. 1) has been the 
focus of numerous mapping, stratigraphic, geochemical, 
petrologic, and isotopic studies, primarily by workers from 

New Mexico universities, New Mexico Bureau of Mines 
& Mineral Resources, and the U.S. Geological Survey. 
Detailed geologic mapping has been successfully used to 
unravel the stratigraphy in subregions of the field (e.g. 
Seager et al., 1982; Osburn and Chapin, 1983a, b; Ratté et 
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al., 1984), but synthesis of subregional stratigraphic data 
has been frustrated by the inability to correlate ignimbrites 
(ash-flow tuffs) over long distances. Correlations based 
solely on mapping have been limited by discontinuous 
basin-and-range outcrop patterns. Lithology and geochem-
istry, although useful as first-order correlation criteria, have 
proven unreliable on a regional scale. Many strati-
graphically distinct units are lithologically similar, and 
individual units show lateral, vertical, and sectoral varia-
tions in mineralogy, chemistry, welding texture, and 
phenocryst concentration and size, analogous to variations 
shown by ignimbrites elsewhere (Bornhorst, 1980; 
Hildreth and Mahood, 1985). Conventional K—Ar dating 
techniques have been helpful in some cases, but lack the 
resolution required by most of the correlation problems 
(e.g. Marvin et al., 1987). 

This report presents results of an ongoing study in which 
Mogollon—Datil ignimbrite correlation problems have 
been addressed by a combination of 40Ar/39Ar dating and 
paleomagnetic analysis. This combination of techniques  

has proven highly successful, yielding ignimbrite correla-
tions which have aided development of an integrated time-
stratigraphic framework for the volcanic field (Figs. 2, 3). 
This report concentrates on data from two separate theses: 
Kedzie (1984), who performed initial 40Ar/39Ar work, and 
McIntosh (1989), who did paleomagnetic and 
additional 40Ar/39Ar work. The primary aim of this report 
is to make the complete data sets from these two theses 
more widely available; discussion of results has deliberately 
been kept to a minimum. Detailed discussions of the 
dating and paleomagnetic results and their stratigraphic 
implications can be found in these two theses and in 
McIntosh (in press) and McIntosh et al. (1990, in press). 
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Geologic setting 

The late Eocene-Oligocene Mogollon-Datil volcanic field 
of southwestern New Mexico is part of a discontinuous belt 
of mid-Tertiary silicic volcanic fields that extends from the 
San Juan Mountains in Colorado southward into central 
Mexico. For the purposes of this report, the Mogollon-
Datil field (Fig. 1) is considered to extend as far south as 
Las Cruces and Lordsburg, New Mexico, and excludes the 
complex volcanic sequence of Hidalgo County, New 
Mexico (Elston, 1984). 

Mogollon-Datil activity was initiated by eruption of 
andesites and basaltic andesites from about 40 to 36 Ma, 
which was followed by episodic bimodal basaltic andesite 
and silicic activity from 36 to 24 Ma (Fig. 4) (Elston, 
1984; Cather et al., 1987; Marvin et al., 1987; McIntosh et 
al., 1990). 

This study concentrates on the Mogollon-Datil silicic 
sequence which includes domes, flows, intrusives, and nu-
merous ignimbrites. Individual ignimbrites range widely in 
form, volume, and distribution, from enormous (>1250 
km3), cauldron-derived, densely welded outflow sheets to 
tiny (<0.1 km2), unwelded pyroclastic aprons surrounding 
domes. 

From mid-Oligocene to the present time, the Mogollon-
Datil volcanic field has experienced inhomogeneously 
distributed extensional tectonism (Chapin and Seager, 
1975). As a result, originally contiguous ignimbrite sheets 
are now discontinuously exposed in fault-block mountain  

ranges separated by infilled basins. Structural complexity 
varies widely from range to range, in extreme cases 
showing low-angle faulting and steep (45-90°) dips indica-
tive of extension in excess of 100% (Chamberlin, 1983). 

Methods 

Paleomagnetism 
For the paleomagnetic portion of this study, 3055 

oriented samples were collected from 404 sites in 25 
regional and 54 local ignimbrites. Most sites were field 
drilled and oriented by sun and magnetic compasses. 
Oriented hand samples were obtained within designated 
wilderness areas. The orientation of paleohorizontal was 
carefully assessed at each site, using attitudes of pumice 
foliations, welding zonation, and contacts of ignimbrites, 
as well as bedding in stratigraphically adjacent units. The 
remanent magnetizations of standard-sized specimens 
were measured using spinner and cryogenic 
magnetometers, utilizing both alternating field and 
thermal demagnetization procedures. A variety of 
techniques were also used to assess magnetic mineralogy, 
including reflected light microscopy, thermomagnetic 
analyses, and isothermal remanent magnetization (IRM) 
acquisition and demagnetization experiments. 

Paleo- and rock-magnetic data show that Mogollon-Datil 
ignimbrites generally carry uniform, well-defined remanent 
magnetizations that provide reliable correlation criteria. 
About 90% of the sites exhibit well-grouped (a95<10°) 
magnetizations carried by finely dispersed, high-tempera-
ture-oxidation assemblages of magnetite, hematite, and 
maghemite. These magnetizations, interpreted as thermo-
remanent magnetization (TRM), are readily separated from 
abundant lightning-induced isothermal components. For 
the remaining 10% of sites, primarily in altered or poorly 
welded, lithic-rich tuff, the original TRM's are obscured by 

 



chemical remanence (CRM) or randomly directed, lithic-
hosted magnetizations. 

Within individual ignimbrite outflow sheets, TRM direc-
tions are generally laterally and vertically consistent, in 
both densely welded proximal and poorly welded distal 
facies. Discordancies in individual site-mean directions 
primarily reflect uncertainties in structural corrections, 
particularly in areas of locally strong tectonic extension. 
Compared to outflow sheet data, the site-mean TRM's of 
thick (>500 m) intracauldron-facies ignimbrites are poorly 
grouped, apparently reflecting either secular variation 
during protracted cooling or large discrepancies between 
eutaxitic foliations and the syncooling paleohorizontal. 

Unit-mean paleomagnetic data from Mogollon—Datil 
ignimbrites are summarized in Table 1 and Fig. 5. Data 
from individual sites are presented on a unit by unit basis in 
Figs. 6 to 31 and in Appendices 2 and 3. Details of 
paleomagnetic and rock-magnetic methods and results are 
presented in McIntosh (1989, in press). Previously 
published paleomagnetic studies of Mogollon—Datil 
ignimbrites include Strangway et al. (1976), McIntosh 
(1983), and Diehl et al. (1988). 

40Ar/39Ar dating 
The 40Ar/39Ar dating portion of this study involved 

analyses of 85 samples from 36 ignimbrites. Sanidine  

9 

separates (>99% purity) were prepared and irradiated, 
along with flux monitors of known age (FCT-3, 27.83 Ma, 
Kunk et al., 1985; corrected for the updated age for 
Mmhb1, 520.4 Ma, Sampson and Alexander, 1987), in the 
U.S. Geological Survey TRIGA reactor (Dalrymple et al., 
1981). Age spectra were measured at the U.S. Geological 
Survey 40Ar/39Ar dating facility at Reston, Virginia. 

A total of 97 40Ar/39Ar age spectra were measured, 94 of 
which met the plateau age criteria of Fleck et al. (1977); 
plateau ages were calculated by weighting gas fractions 
according to the inverse of their variance. Replicate plateau 
age determinations (n=2 to 6) for eight different samples 
show within-sample precisions averaging ±0.25%. Plateau 
ages from multiple (n=3 to 8) samples of individual 
ignimbrites show within-unit precision (1σ) of ±0.1-0.4% 
(±0.04-0.13 Ma). In sharp contrast, conventional K—Ar 
and fission-track ages on the same units generally show 
relative errors (la) in excess of ±5% (±1.3-2.2 Ma) (Ratté et 
al., 1984; Marvin et al., 1987). 
40Ar/39Ar ages from Mogollon—Datil ignimbrites are 
summarized in Table 1 and Fig. 4. Plateau ages for 
individual samples are presented in Table 2 and Figs. 6 to 
31. Appendix 1 provides complete data for each age 
spectrum. Details of 40Ar/39Ar methods and results are 
presented in Kedzie (1984), McIntosh (1989), and 
McIntosh et al. (1990). 

 



 



 



 



 



 

Paleomagnetism and 40Ar/39Ar dating 
as correlation criteria 

Paleomagnetism has been used as an ignimbrite correla-
tion criterion for more than two decades (e.g. Dalrymple et 
al., 1965; Grommé et al. 1972; Best et al., 1973; Reynolds, 
1977; Hoblitt et al., 1985; Weiss et al., 1989). Successful 
paleomagnetic correlation of ignimbrites requires, above all 
else, that the units in question carry precisely measurable 
TRM components acquired during rapid post-emplacement 
cooling. Because of reversals and secular variation of the 
geomagnetic field, paleomagnetic analysis can potentially 
distinguish between individual volcanic units differing in 
age by as little as a few thousand years or less (Grommé et 
al., 1972; Bogue and Coe, 1981; Holcomb et al., 1986). Be-
cause geomagnetic field directions vary non-uniquely 
through time, paleomagnetism constitutes a negative 
correlation criterion, i.e. disagreement of TRM directions is 
negative evidence for correlation, yet agreement is only 
permissive evidence. The ability to paleomagnetically 
distinguish among different ignimbrites is favored by large 
angular differences among their mean TRM directions; 
these differences must exceed uncertainties introduced by 
measurement and structural correction errors. 

As discussed in previous sections, the requirement of 
precisely measurable primary TRM is well satisfied by 90% 
of the studied sites in Mogollon—Datil ignimbrites. The 
requirement for angular differences among TRM direction 
depends upon which units are being compared. In cases 
where the units in question differ in polarity, paleomagnetic 
correlation is unambiguous. In cases which require 
comparing TRM directions of units of the same polarity, 
identification is most successful for units with TRM 
directions which diverge significantly from the expected 
time-averaged Oligocene field direction (Table 1, Fig. 5). 

Like paleomagnetism, the 40Ar/39Ar dating method has 
provided a strong criterion for correlating Mogollon—Datil 
ignimbrites. Where sufficient numbers of sanidine-bearing 
units have been dated, it has proven possible to reliably 
distinguish between units differing in age by only 0.5% 
(about 0.15 Ma). 

40Ar/39Ar and paleomagnetic correlation criteria are com-
plementary: 40Ar/39Ar data serve to resolve age difference 
between paleomagnetically similar units, and 
paleomagnetism helps distinguish between units that are 
altered, lack sanidine, or are too close in age to be 
resolved even by the 40Ar/39Ar method. 

Table 3 lists specific ignimbrite correlations problems 
which have been addressed by 40Ar/39Ar dating and 
paleomagnetic analysis; it includes both newly demon-
strated correlations and previously published correlations 
which now appear to be incorrect. These correlations are 
discussed in more detail in the following sections. 

Age and distribution of Mogollon—Datil 
ignimbrites 

Mogollon—Datil ignimbrites range in age from 36.2 to 
24.3 Ma. Ignimbrite activity was strongly episodic, being 
confined to four <2.6 m.y. eruptive intervals separated by 
1.5 to 3 m.y. hiatuses. The following sections describe 
these four eruptive intervals, briefly discussing paleomag-
netic and 40Ar/39Ar dating results for each regional ignim-
brite. 

Episode 1 (36.2 to 33.5 Ma) 
The 36.2 to 33.5 Ma interval of Mogollon—Datil 

ignimbrite volcanism is the longest, most complex, and least 
understood of the volcanic field's four eruptive episodes. 
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Numerous ignimbrites, predominantly low-silica rhyolites, 
were erupted in this interval; data from 12 regional and 13 
subregional to local units are listed in Table 1 and shown 
in Figs. 6 to 16. Only one ignimbrite, the Kneeling Nun 
Tuff (Fig. 11, 34.9 Ma, >900 km3), has been established as 
a large-volume unit. Several other units extend over large 
areas (1-10,000 km2) but are generally only 5 to 50 m thick. 
The unusually low aspect ratio (Walker et al., 1980) of 
these ignimbrites probably reflects some combination of 
subdued pre-eruptive topography and high energy or high 
mobility of the ash flows. 

In spite of the large number of Episode 1 ignimbrites, the 
Kneeling Nun and Box Canyon Tuffs are the only outflow 
units for which source cauldrons have been definitely 
identified (Figs. 11, 16). Cauldron features have also been 
documented in the Doña Ana and Organ Mountains 
(Seager et al.,1976; Seager and McCurry, 1988), but identi-
fication of correlative outflow sheets is still tentative, as 
discussed below. The paucity of source cauldrons for Epi-
sode 1 ignimbrites is thought to primarily reflect conceal-
ment beneath extensional basins or overprinting by younger 
cauldrons. Alternatively, source cauldrons for these units 
may be very small features which have not yet been 
recognized in the course of geologic mapping. 

Organ cauldron activity, 36.2 to 35.5 Ma-40Ar/39Ar data 
indicate that Mogollon-Datil ignimbrite activity initiated with 
36.2 to 35.5 Ma cauldron-forming eruptions in the Organ 
and Doña Ana Mountains (Fig. 6). The presence of 
intracauldron-facies ignimbrites and cauldron structures in 
both areas have been documented by detailed mapping 
(Seager et al., 1976; Seager, 1981). The 9000 m thick 
stratigraphic sequence within the Organ cauldron consists of 
three distinct ignimbrites (Cueva, Achenback Park, and 
Squaw Mountain Tuffs, in ascending order); the entire 
sequence shows coherent normal geochemical zoning 
(Seager and McCurry, 1988). The Doña Ana intracauldron 
sequence includes a >800 m thick multi-cooling-unit 
ignimbrite termed the Doña Ana Rhyolite Tuff (Seager et al., 
1976). Based on published K-Ar data, the age of Organ and 
Doña Ana cauldron activity has been generally accepted to 
be about 33 Ma (Seager and McCurry, 1988). 

40Ar/39Ar plateau ages from single samples of the Cueva, 
Squaw Mountain, and Dona Ana Tuffs are respectively 
36.2, 35.8, and 35.5 Ma (Table 1), indicating that cauldron 
activity in this area is older than previously believed. The age 
difference between the Cueva and Squaw Mountain Tuffs is 
consistent with their stratigraphic order and the presence of 
a sedimentary interval above the Cueva Tuff (Seager and 
McCurry, 1988). The age difference between the Squaw 
Mountain and Dona Ana Tuffs is not considered significant 
because only one sanidine sample has been dated per unit, 
and both showed slightly low radiogenic yields, apparently 
reflecting minor alteration along cleavages (McIntosh, 1989; 
McIntosh et al., 1990). 

Paleomagnetic data (Fig. 6) indicate reverse polarity for 
the Cueva Tuff and normal polarity for the Achenback, 
Squaw Mountain, and Dona Ana Tuffs. Site-mean direc-
tions show considerable within-unit scatter (Fig. 6), but 
such scatter is typical for other thick (>500 m) intra-
cauldron-fades ignimbrites in the Mogollon-Datil volcanic 
field (McIntosh, 1989, in press) and elsewhere (e.g. Rey- 
nolds et al., 1986).  
40Ar/39Ar and paleomagnetic data indicate that the Organ 
and Doña Ana sequences are closely associated in time, 

and suggest that they are either portions of one (>35 km) 
large cauldron or parts of the same cauldron complex. 
Although the data are insufficient to definitely identify 
outflow fades for this cauldron/cauldron complex, tuffs 2 
and 3 of the Bell Top Formation are attractive possibilities, 
as discussed in the following section. 

Small-volume ignimbrites, 35.7 to 35.0 Ma—The least 
understood stratigraphic interval within Episode 1 is the 
poorly exposed sequence of several small outflow-facies 
ignimbrites which predate the eruption of the 34.9 Ma 
Kneeling Nun Tuff. These units (Figs. 3, 6, 7, 8, 9, 10) are 
generally thin (5-100 m), tend to be poorly welded, and are 
commonly intercalated with sedimentary sequences. The 
number of distinct ignimbrites in this interval is not accu-
rately known due to uncertainties in correlations. 

In the southern part of the field the pre-Kneeling Nun 
interval is represented by tuffs 2, 3, and 4 of the Bell Top 
Formation (Fig. 6; Clemons, 1976), by ignimbrite members 
of the Rubio Peak and Sugarlump Formations (Fig. 7; 
Elston, 1957; Seager et al., 1982), and, probably, by the 
stratigraphically lowest ignimbrites in the Steeple Rock area 
(Fig. 7). All these ignimbrites show normal polarity, except 
for the two locally exposed Rubio Peak tuffs and the upper 
Steeple Rock unit (Table 1). 40Ar/39Ar plateau ages from 
Bell Top tuffs 3 and 5, and upper Sugarlump Tuff are 
respectively 35.7, 35.0, and 35.2 Ma (Table 1, Figs. 6, 7). 

Paleomagnetic data and 40Ar/39Ar ages suggest that some 
of these units were erupted over the same time interval as the 
Organ and Doña Ana intracauldron sequences (Fig. 6; Table 
1). Tuff 3 of the Bell Top Formation (Clemons, 1976) is the 
best candidate for a co-eruptive outflow sheet for the 
Achenback Park/Squaw Mountain sequence because of its 
similar age (35.7 Ma), normal magnetic polarity, and 
geographic proximity (Fig. 6). A second possibility is the 
underlying tuff 2 of the Bell Top Formation (Clemons, 
1976), a locally exposed ignimbrite which also shows normal 
polarity but has not yet been dated. 

In addition to cauldron/outflow questions, there are 
also correlation problems among various outcrops of 
outflow sheets in the pre-Kneeling Nun interval. Two 
sites in the upper Sugarlump Tuff (sites 460 and 509 in 
Fig. 7) yield steep site-mean directions that agree well with 
site-mean directions from Bell Top tuff 3 (Fig. 6), 
but 40Ar/39Ar ages from the two units differ by 0.4 Ma. 
Likewise, the site-mean directions of two widely separated 
lower Sugarlump Tuff sites (Fig. 7) closely resemble TRM 
direction from Bell Top tuff 2 (Fig. 6), but no 40Ar/39Ar 
data have been obtained from these units. 

More confident correlations can be made for tuff 4 of the 
Bell Top Formation, the youngest pre-Kneeling Nun 
regional ignimbrite in the southern part of the field (Fig. 10; 
Clemons, 1976). The maximum known lateral dimension of 
this unit is 68 km in the Goodsight-Cedar Hills area, and 
paleomagnetic and 40Ar/39Ar data strongly support its 
correlation with a widespread pre-Kneeling Nun unit 
exposed in the Winston area (Fig. 10; tuff of Rocque Ramos 
Canyon, Harrison, 1990) and the Salado Mountains 
(unnamed crystal tuff of Seager and Mayer, 1988). This 
correlation yields a maximum known lateral dimension of at 
least 112 km for Bell Top tuff 4 (Table 1). The 35.0 Ma age 
and geographic proximity to the Emory cauldron suggest 
that Bell Top tuff 4 may be a precursor unit related to the 
34.9 Ma Kneeling Nun Tuff. The 30 m thick tuff of Stone 
House Ranch (Fig. 10, Table 1), which is 



locally present between Bell Top tuff 4 and Kneeling 
Nun in the Winston area, may be a similar precursor. 

At least two regional pre-Kneeling Nun ignimbrites are 
also present in the northern part of the volcanic field. Datil 
Well Tuff (35.5 Ma), a well-exposed unit in the Datil area 
(Fig. 8), shows a distinctive northwesterly TRM direction 
which supports correlation with a lithologically similar unit 
in an isolated outcrop 125 km to the southeast (site 481, 
Fig. 8). Paleomagnetic data also suggest a regional extent 
for the tuff of Farr Ranch (Fig. 9). This unit is lithologically 
identical to the locally underlying Datil Well Tuff and 
their 40Ar/39Ar ages (respectively 35.6 and 35.5 Ma) are 
statistically indistinguishable. Site-mean TRM directions, 
however, are quite different (Figs. 8, 9) and indicate that 
outcrops southeast of Socorro (Fig. 9) which were 
formerly mapped as Datil Well Tuff (Osburn and Chapin, 
1983b) are actually tuff of Farr Ranch. Paleomagnetic data 
(Fig. 9) are furthermore consistent with correlation of tuff 
of Farr Ranch with the tuffs of Luna Park and Victoria 
Tank, two poorly known informally named units exposed 
40 to 100 km to the south (Hermann, 1986; Harrison, 
1990). Source cauldrons are not known for Datil Well or 
Farr Ranch outflows sheets, but their distributions suggest 
vents somewhere in the northern part of the field. 

Kneeling Nun Tuff, 34.9 Ma-The 34.9 Ma Kneeling 
Nun Tuff is the largest and best-studied unit in Episode 
1. 40Ar/39Ar and paleomagnetic data (Fig. 11) indicate that 
the outflow sheet extends well beyond its previously 
mapped extent (Elston et al., 1975). These data (Fig. 11) 
suggest that the Kneeling Nun outflow sheet correlates 
with Bell Top tuff 5 (Clemons, 1976), with part of the 
mapped Sugar-lump Tuff near Faywood (Elston, 1957; 
Seager et al., 1982), and with a thin, unwelded unit 
overlying tuff of Farr Ranch in the Horse Springs area 
(Ratté et al., 1989). These correlations suggest that the 
volume of the Kneeling Nun Tuff may be considerably 
larger than the 900 km3 suggested by Elston et al. (1975). 

The Kneeling Nun Tuff is the first of four large-volume, 
crystal-rich, low-silica rhyolites in the older portion of the 
Mogollon-Datil sequence. It is difficult or impossible to 
lithologically distinguish the Kneeling Nun Tuff (34.9 Ma) 
from Box Canyon Tuff (33.5 Ma), Hells Mesa Tuff (32.1 
Ma), or Caballo Blanco Tuff (31.7 Ma). Furthermore, 
paleomagnetism is only marginally helpful for distinguish-
ing among these four ignimbrites, because they all show 
unit-mean directions similar to the time-averaged Eocene-
Oligocene field (Fig. 5). Fortunately, the age differences 
among these four units are all sufficiently large to be easily 
resolved by 40Ar/39Ar dating (Table 1). 

Small-volume ignimbrites, 34.9 to 33.7 Ma-During the 
1.3 m.y. interval following eruption of the Kneeling Nun 
Tuff, the southern portion of the Mogollon-Datil volcanic 
field was relatively quiescent. Mimbres Peak rhyolite domes 
and associated local ignimbrites were erupted in the 
southern Black Range, at least in part as moat-fill of the 
Emory cauldron (Elston et al., 1975). The only other ignim-
brite erupted in the southern part of the field during this 
quiescent period is a 34.0 Ma crystal-rich, low-silica unit 
locally exposed at Table Mountain, south of Faywood, New 
Mexico (Table 1; herein termed tuff of Table Mountain, but 
mapped as a member of the Sugarlump Tuff by Elston, 
1957, and Seager et al., 1982). 

During this interval of quiescence in the southern part of 
the field, eruptions in the north produced three regional  
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ignimbrites: tuff of Lebya Well (34.7 Ma), Rockhouse Can-
yon Tuff (34.4 Ma), and Blue Canyon Tuff (33.7 Ma). The 
tuff of Lebya Well (Fig. 12) was first recognized in the 
Horse Springs area by its stratigraphic position between 
34.9 Ma Kneeling Nun and 34.4 Ma Rockhouse Canyon 
Tuff (Fig. 4). Although this unit has not been dated in the 
Horse Springs area, its stratigraphic position and distinc-
tively steep TRM direction suggest correlation with the 
34.7 Ma Bishop Peak Tuff exposed 75 km to the west (Fig. 
12). Paleomagnetic and 40Ar/39Ar data generally confirm 
the mapped extents of the Rockhouse Canyon and Blue 
Canyon Tuffs and also suggest correlations with isolated 
outcrops further south (Figs. 13, 15). Like Datil Well and 
Farr Ranch, source cauldrons are unknown for the Lebya 
Well, Rockhouse Canyon, and Blue Canyon outflow 
sheets, although their distributions indicate vents in the 
northern part of the field. 

The Cooney Tuff, a complex unit embracing several 
thin ignimbrites separated by sedimentary sequences, may 
also have been erupted in the 34.9 to 33.7 Ma interval. 
Published K-Ar data from this unit, exposed near the 
western edge of the field, suggest an age near 34 Ma, but 
samples bearing fresh sanidine suitable for 40Ar/39Ar 
dating have not been found. Dispersed site-mean TRM 
directions are shown by three sites in different members 
of the Cooney Tuff and from a possibly correlative (Ratté 
et al., 1984) unit near Clifton, Arizona (Fig. 14). These 
data suggest that eruption of the Cooney Tuff members 
may have spanned at least several centuries, which implies 
that there may be little hope for accurate long-range 
paleomagnetic correlation of this unit. 

Box Canyon Tuff, 33.5 Ma-Box Canyon Tuff, the final 
ignimbrite erupted in Episode 1, has not been previously 
identified as a regional unit. This crystal-rich, low-silica unit 
was first recognized by Elston (1957) from its strati-
graphic position between Kneeling Nun and Caballo 
Blanco Tuffs. 40Ar/39Ar plateau ages near 33.5 Ma and 
somewhat distinctively steep TRM directions (Figs. 5, 16) 
suggest that Box Canyon Tuff extends over much of the 
southern and western edges of the volcanic field (Fig. 16). 
Units now correlated with Box Canyon Tuff include Bell 
Top tuff 6 (Clemons, 1976), portions of mapped 
Sugarlump Tuff (Elston, 1957), mapped Kneeling Nun 
Tuff of Hedlund (1978), tuff of Cherokee Canyon (Finnell, 
1987), portions of Fall Canyon Tuff (Ratté et al., 1984; 
Richter et al., 1988), and a tuff in the Pueblo Creek 
Formation (Rate, 1989b). The apparent source for the Box 
Canyon Tuff is the poorly known Schoolhouse Mountain 
cauldron (Fig. 16; Wahl, 1981), based on its correlation 
with the tuff of Cherokee Canyon, an intracauldron-facies 
ignimbrite within the Schoolhouse Mountain cauldron. 

Episode 2 (32.1 to 31.4 Ma) 
The second brief but intense episode of Mogollon-Datil 

ignimbrite activity commenced at 32.1 Ma, 1.5 m.y. after 
the eruption of Box Canyon Tuff. Episode 2 spanned 
only 0.7 m.y. but produced two major regional units, 
Hells Mesa and Caballo Blanco Tuffs, and a third thick 
but more localized unit, the Tadpole Ridge Tuff. All 
three of these units show reverse magnetic polarity. 

Hells Mesa Tuff, 32.1 Ma-The first Episode 2 ignim-
brite, the 1250 km3 Hells Mesa Tuff, erupted at 32.1 Ma 
from the Socorro cauldron (Fig. 17). The Hells Mesa Tuff 
is the oldest of five large-volume ignimbrites exposed in 
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the Socorro area, and the extent of its cauldron and 
outflow sheet have been well established by a series of 
thesis maps (referenced in Osburn and Chapin, 1983b). 
The outflow sheet shows a highly asymmetric distribution 
about the cauldron, extending almost 100 km to the west, 
but absent to the south and east. Four 40Ar/39Ar ages 
from the northern part of the outflow sheet yield a mean 
age of 32.06 ±.13 Ma. 
Paleomagnetic data from the Hells Mesa Tuff generally 

support the mapped extent of the outflow sheet and intra-
cauldron fades. Mean directions from 10 of 17 sites are 
tightly clustered, but the remaining seven sites are anom-
alous, plotting 15-42° from the unit-mean direction (Fig. 
17). Net rotations related to extreme tectonic extension in 
the Lemitar Mountains, Joyita Hills, and Black Butte are 
probably responsible for the anomalous declinations at 
sites 14, 134, 38, and 31, and the latter two sites also show 
alteration-related chemical remanent magnetizations 
(CRM's; McIntosh, 1989, in press). Sites 423 and 73 are in 
a badly disrupted zone adjacent to a major fault, and non-
paleohorizontal pumice foliations at the base of the Hells 
Mesa may explain the anomalous declination of site 387. 
The unit-mean direction (D=166, I=-60) of the Hells 

Mesa Tuff is not a strong correlation criterion, because it is 
nondistinctive (only 11° from the time-averaged Eocene-
Oligocene field direction) and similar to the lithologically 
indistinguishable Caballo Blanco, Box Canyon, and Kneel-
ing Nun Tuffs (Fig. 5). Tentatively though, paleomagnetic 
data from sites 312 and 329, together with stratigraphic 
sequence data, suggest that crystal-rich tuffs exposed in the 
southern San Mateo Mountains and the area north of 
Horse Springs represent distal Hells Mesa Tuff (Fig. 17). 
Caballo Blanco Tuff, 31.7 Ma-The second Episode 2 ig-

nimbrite, the Caballo Blanco Tuff, was erupted at 31.7 Ma 
and extends over some 10,000 km2 of the southeastern 
Mogollon-Datil volcanic field. Although this unit was early 
recognized as a crystal-rich, low-silica ignimbrite overlying 
the Kneeling Nun in the southern Black Range (Elston, 
1957; Elston et al., 1973), accurate assessment of its extent 
was prevented by inability to distinguish it from Kneeling 
Nun and Box Canyon Tuffs. 40Ar/39Ar data now allow 
reliable identification of the Caballo Blanco outflow sheet. 
Five dated samples, ranging from 31.56 to 31.71 Ma and 
averaging 31.65 ±.06 Ma, suggest that the unit extends 70 
km west and 100 km north of its mapped extent in the 
Black Range and Santa Rita areas (Fig. 18). The Caballo 
Blanco Tuff correlates with at least part of the mapped 
Fall Canyon Tuff of Ratté et al. (1984), including the type 
section (site 525 in Fig. 18). Although the unit-mean TRM 
direction of Caballo Blanco Tuff is not particularly distinc-
tive (Fig. 18), paleomagnetic data are consistent with a 
wide distribution for the unit. Site-mean directions are 
tightly grouped except for two anomalous sites which 
reflect unremoved CRM or poor attitude control (sites 253 
and 181, Fig. 18). 
Although no source cauldron has been established for 

this unit, two possibilities include the southern end of the 
Emory cauldron (as suggested in Abitz, 1989) and a now 
obliterated precursor to the Bursum cauldron (suggested 
by abundant large lithics at site 525). 
Tadpole Ridge Tuff, 31.4 Ma-The third and last ignim-

brite erupted during Episode 2 is the 31.4 Ma Tadpole 
Ridge Tuff, a thick, geographically restricted (40 km 
maximum known lateral dimension) unit exposed north of 

Pinos Altos, New Mexico (Fig. 19). This mineralogically 
distinctive ignimbrite (low-silica rhyolite, 10-25% plagio-
clase and biotite phenocrysts) was mapped as a local unit by 
Finnell (1976), who recognized distinct upper and lower 
members. Our observations of abrupt thickness changes, 
coarse lithic breccias, and a high-angle basal unconformity 
suggest that much or all of the mapped Tadpole Ridge Tuff 
is lying within a small cauldron (herein termed the Twin 
Sisters cauldron) with an east-west margin located 
immediately north of Pinos Altos (Fig. 19). The northern 
margin of the proposed Twin Sisters cauldron (inferred it 
Fig. 19) is buried by younger units. 

Paleomagnetic data suggest a time break of at least cen-
turies between eruption of the upper and lower members 
of the Tadpole Ridge Tuff, although neither paleosols 
nor significant sedimentary deposits are found along their 
mutual contact. The lower and upper intracauldron-facies 
members show, respectively, unusually steep and unusual-
ly shallow unit-mean TRM directions (Fig. 19). These 
directions are 49° apart, suggesting that at least 2000 yrs, 
elapsed between eruption of the two units, given a typical 
average secular variation rate of 4.5° per century 
(Holcomb et al., 1985). Alternatively, these differing 
TRM directions may have resulted from two closely 
spaced eruptions which occurred during a rapidly 
changing field excursion or polarity-transition event. 

Paleomagnetic data have also helped to identify an out-
flow sheet associated with the lower member of the 
Tadpole Ridge Tuff. Two thin plagioclase-biotite tuffs, a 
member of Tvt of Finnell (1982) and tuff of Terry Canyon 
of Krier (1981), are exposed 20 km west and 30 km north-
east, respectively, of the mapped extent of Tadpole Ridge 
Tuff. Correlation of these units with the lower member of 
the Tadpole Ridge Tuff is strongly supported by their dis-
tinctively steep site-mean directions (sites 156, 477, 479; Fig. 
19). 

Due to low sanidine content (<0.5%), it has proven 
difficult to obtain an accurate 40Ar/39Ar age for the Tadpole 
Ridge Tuff. An incorrect published age of 35.14 Ma (Mc-
Intosh et al., 1986) probably represents extreme xenocrystic 
contamination by sanidine from the Kneeling Nun Tuff, 
which is exposed in the nearby cauldron wall (site 498, Fig. 
11) and locally forms abundant lithic fragments in the 
Tadpole Ridge Tuff. The present 31.4 Ma age for the 
Tadpole Ridge Tuff (upper member) should be considered 
tentative until more data are obtained. However, this age 
agrees well with K-Ar data (three dates between 31.6 and 
31.9 Ma; Marvin et al., 1987) and is consistent with strati-
graphic relationships of the outflow sheet, which is 
underlain by 31.7 Ma Caballo Blanco Tuff and overlain by 
29.0 Ma Davis Canyon Tuff. 

Episode 3 (29.0 to 27.4 Ma) 
Following a 2.4 m.y. ignimbrite hiatus, the largest pulse 

of Mogollon-Datil ignimbrite activity began at 29.0 Ma. 
Within a span of 1.6 m.y., nine major regional ignimbrites 
and at least 11 subregional to local units were erupted, 
totalling more than >6000 km3 in volume (Table 1). The 
major units, primarily high-silica rhyolites, were erupted 
from two clusters of cauldrons, one located in the Mogol-
lon Mountains near the western edge of the field and the 
second in the San Mateo and Magdalena Mountains west 
of Socorro. The distribution and source cauldrons of 
Episode 3 ignimbrites are relatively well understood. 



Subregional stratigraphic sequences of major units around 
the two cauldron clusters were established by detailed 
mapping prior to this study (Osburn and Chapin, 1983a; 
Ratté et al., 1984). 40Ar/39Ar and paleomagnetic data have 
helped to constrain eruptive timing of the Socorro and 
Mogollon centers, in part by identifying stratigraphic 
relationships of distal-fades ignimbrites in the overlap area 
between the two centers. These techniques have also 
helped to clarify understanding of several more locally 
distributed units. 

Davis Canyon Tuff, 29.0 Ma-The first major regional 
ignimbrite erupted in Episode 3 is the Davis Canyon Tuff 
(Fig. 20), which extends over a 10,500 km2 area of the 
southwestern Mogollon-Datil field. Two 40Ar/39Ar plateau 
ages from the northern edge of this crystal-poor, high-
silica rhyolitic outflow sheet yield a mean age of 29.0 Ma, 
and site-mean TRM directions from six sites are well-
grouped, supporting the distribution mapped by Ratté et 
al. (1984). The source cauldron for the Davis Canyon Tuff 
is not known, although its distribution is consistent with a 
source in either the Bursum or Gila Cliff Dwellings 
cauldron areas. 

The unit-mean direction of the Davis Canyon Tuff, al-
though near the expected time-averaged reverse field 
direction, is useful for distinguishing this unit from the 
lithologically similar Vicks Peak Tuff, which shows lower 
paleomagnetic inclination (Fig. 22). This distinction is par-
ticularly important in the overlap area of the two ignim-
brites, where both were formerly mapped as tuff of 
Tularosa Canyon (Rhodes and Smith, 1976). The Davis 
Canyon Tuff represents the first of several reverse polarity 
units erupted between 29.0 and 28.0 Ma (Table 1). 

La Jencia Tuff, 28.9 Ma-The La Jencia Tuff is a well-
mapped, crystal-poor, high-silica rhyolitic ignimbrite 
erupted from the Sawmill-Magdalena cauldron west of 
Socorro (Fig. 21; Osburn and Chapin, 1983a). 
Early 40Ar/39Ar plateau ages of 28.9 Ma (Kedzie, 1984) 
were instrumental in recognizing the 3.2 m.y. eruptive 
hiatus between this unit and the underlying 32.1 Ma Hells 
Mesa Tuff, whereas previous K-Ar data suggested a La 
Jencia age near 31 Ma (Chapin et al., 1975). 

Paleomagnetic site-mean TRM directions are well-
grouped in the La Jencia Tuff, and, like the Davis Canyon 
Tuff, show a unit-mean direction similar to the expected 
time-averaged reverse polarity field. This TRM direction 
provides a useful criteria for distinguishing between La 
Jencia and Vicks Peak Tuffs (Figs. 5, 21, 22). Although the 
La Jencia and Davis Canyon Tuffs are paleomagnetically 
indistinguishable, they have not been found to overlap. 

Paleomagnetic and 40Ar/39Ar data from the La Jencia 
Tuff support its previous mapped extent, but suggest that 
the unit extends even further to the southwest, as much as 
80 km from its cauldron margin. Identified distal fringes 
of the La Jencia Tuff include outcrops along the south 
edge of the Plains of San Agustin (sites 146 and 372, Fig. 
21) and in the central Black Range (site 111, Fig. 21). 

Vicks Peak Tuff, 28.6 Ma-Vicks Peak Tuff, a crystal-
poor, high-silica rhyolitic ignimbrite erupted at 28.6 Ma 
from the Nogal Canyon cauldron in the southern San 
Mateo Mountains (Fig. 22), is the most widely distributed 
ignimbrite in the northern Mogollon-Datil volcanic field. 
Its 200 km maximum known lateral dimension (Table 1) is 
exceeded only by Kneeling Nun and Box Canyon Tuffs. 

Site-mean TRM directions for this unit are generally well  
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grouped and show a distinctively shallow inclination 
(D=165°, I=-27°). A few sites show anomalous declina-
tions, primarily due to fault-block rotations in highly 
extended areas (Fig. 22; McIntosh, 1989, in press). 
Three 40Ar/39Ar age spectra yield a mean age of 28.56 ±.06 
Ma. Paleomagnetic and 40Ar/39Ar data indicate that tuff 7 of 
the Bell Top Formation (Clemons, 1976) and the upper part 
of the tuff of Tularosa Canyon (Rhodes and Smith, 1976) 
actually represent thin, unwelded distal facies of Vicks Peak 
Tuff (Fig. 22). This correlation provides a useful common 
stratigraphic tie among the ignimbrite sequences in the 
Socorro, Mogollon, and Las Cruces areas (Figs. 2, 3). 

Small-volume tuffs of the Black Range, 29.0 to 28.1 
Ma-Interlayered with regional ignimbrites in the central 
Black Range are several local, small-volume ignimbrites 
apparently produced by persistent rhyolite dome/flow 
activity between 29.0 and 28.1 Ma (Table 1, Figs. 3, 23, 
24). Most of these units are poorly to moderately welded 
and rich in rhyolite lava lithic fragments; many are directly 
overlain by rhyolitic lava with similar phenocryst assem-
blages (Woodard, 1982; Eggleston, 1982). 

The eruption of these units apparently spanned a 
normalto-reverse polarity reversal near 29.0 Ma. The 
oldest units (tuffs of Monument Canyon and Little 
Mineral Creek, 29.0 Ma) show normal polarity and are 
immediately overlain by a sequence of reverse polarity 
units [Stiver Canyon Tuff, tuff of Mud Hole (29.1 Ma), La 
Jencia Tuff (28.9 Ma regional unit discussed above), and 
tuff of Lookout Mountain (28.7 Ma, a.k.a. tuff of 
Diamond Creek, Woodard, 1982)]. 

A second pulse of Black Range dome eruptions, termed 
the Taylor Creek Rhyolite, occurred near 28.1 Ma (Duffield 
et al., 1987; Dalrymple and Duffield, 1988). These domes 
and associated ignimbrites all show reverse polarity 
(Appendix 3; McIntosh, 1989). One subregional dome-
derived ignimbrite, the tuff of Garda Camp, was studied in 
some detail (Fig. 24). Paleomagnetic site-mean directions 
from the tuff of Garcia Camp are tightly grouped (Fig. 24), 
indicating that this multi-cooling-unit ignimbrite was 
erupted over a brief interval of time. A single 
40Ar/39Ar plateau age of 28.10 Ma was determined, which 
compares to published mean 40Ar/39Ar laser-fusion ages of 
28.21 ±.04 Ma for sanidines from tuff of Garcia Camp 
(Dalrymple and Duffield, 1988). The difference in ages is 
discussed by McIntosh (1989) and McIntosh et al. (1990). 

Shelly Peak Tuff, 28.1 Ma-Shelly Peak Tuff is a distinc-
tive red-colored, plagioclase-biotite, low-silica rhyolitic 
ignimbrite erupted about 28.1 Ma from somewhere in the 
Mogollon eruptive center. Paleomagnetic data from this 
widespread unit are moderately well-grouped in a shallow-
inclination southerly direction (Fig. 25), although some of 
the sites show slightly anomalous directions and demagne-
tization behavior indicative of CRM components (Fig. 25; 
McIntosh, 1989, in press). These remanence directions are 
sufficient to differentiate Shelly Peak Tuff from lithologi-
cally similar Tadpole Ridge Tuff (Fig. 19), but are not 
helpful in distinguishing between Shelly Peak Tuff and 
paleomagnetically similar Apache Springs Tuff (Fig. 25). 

The age of the Shelly Peak Tuff is tightly bracketed at 28.1 
Ma by the underlying tuff of Garcia Camp (28.1 Ma) and 
overlying Bloodgood Canyon Tuff (28.1 Ma). A 
single 40Ar/39Ar plateau age determined for the Shelly Peak 
Tuff is 28.52 ±.08 Ma; this anomalously old age probably 
reflects contamination of the sanidine-poor Shelly Peak 
Tuff by 
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older lithic or xenocrystic feldspar (McIntosh, 1989; 
McIntosh et al., 1990). 

Bloodgood Canyon Tuff and related units, 28.1 Ma-
The 15,000 km2, 1000 lore Bloodgood Canyon Tuff (Fig. 
26) is the most widely exposed ignimbrite in the southern 
part of the volcanic field (Ratté et al., 1984). Paleomagnetic 
data from throughout the extent of this high-silica rhyolitic 
outflow sheet show distinctive shallow-inclination, 
southeasterly TRM directions. Similarly, 40Ar/39Ar plateau 
ages from seven widely separated samples are nearly 
identical, ranging from 27.99 to 28.11 Ma and averaging 
28.05 ±.04 Ma. These data strongly support the conclusion 
that the Bloodgood Canyon Tuff is a single large outflow 
sheet (Ratté et al., 1984) and oppose the interpretation that 
exposures north of the Bursum cauldron represent a 
different eruptive unit, termed the Railroad Canyon Tuff 
(Elston et al., 1973; Rhodes and Smith, 1976; Elston, 1984). 
Furthermore, the TRM direction of the Bloodgood Canyon 
Tuff is sufficiently distinctive to reliably distinguish this unit 
from four other lithologically similar ignimbrites in the 
northern part of the field (tuff of Triangle C Ranch, Lemitar 
Tuff, South Canyon Tuff, tuff of Turkey Springs; Figs. 5, 
26, 27, 29, 30, 31). 

40Ar/39Ar and paleomagnetic data are also consistent with 
the interpretation that the 1200 km3 Apache Springs Tuff 
represents the intracauldron-facies equivalent of the Blood-
good Canyon Tuff (Ratté et al., 1984). The single 40Ar/39Ar 
plateau age (27.98 Ma) is statistically indistinguishable from 
the mean of seven Bloodgood Canyon Tuff samples, and 
site-mean TRM directions from two Apache Springs sites 
are within 10° of the unit-mean direction of the Bloodgood 
Canyon Tuff (Fig. 26). 

In addition to Bloodgood Canyon and Apache Springs 
Tuffs, two less voluminous associated units were also 
investigated. The tuff of Diablo Range is the precursor 
ignimbrite for an extensive sequence of rhyolitic lavas that 
is stratigraphically between the Shelly Peak and Bloodgood 
Canyon Tuffs (Fig. 3). Two sites from this unit (475 and 
436, Fig. 22) yield reverse polarity and a 28.1 Ma age 
identical to that of the overlying Bloodgood Canyon Tuff 
(Table 1). 

North of the Bursum cauldron, the Bloodgood Canyon 
Tuff is overlain by the poorly welded but lithologically 
similar tuff of Triangle C Ranch (Figs. 3, 27) (Ratté, 1989a). 
The one 40Ar/39Ar plateau age from this unit (28.05 Ma, 
Table 1) is also identical to the mean Bloodgood Canyon 
age, but the six site-mean TRM directions are well-grouped 
in a normal polarity direction. Apparently, the tuff of 
Triangle C Ranch was erupted soon after a polarity reversal 
that itself occurred soon after eruption of the Bloodgood 
Canyon Tuff. The Bloodgood Canyon Tuff and tuff of 
Triangle C Ranch provide a good example of a situation in 
which the combination of 40Ar/39Ar dating and 
paleomagnetic correlation provides higher resolution 
than 40Ar/39Ar dating alone. 

Lemitar Tuff and tuff of Caronita Canyon, 28.0 Ma-
The Lemitar Tuff is a well-mapped 28.0 Ma regional 
ignimbrite in the Socorro area. Although no source 
cauldron has been identified for this unit, thickness and 
distribution (Fig. 29) point to a source in the west-central 
Magdalena Mountains. About half of the sites in this unit 
show tightly grouped site-mean TRM directions, but the 
remaining sites are somewhat scattered (Fig. 29). For the 
most part these anomalous site-mean directions are related  

to block rotations in the highly extended Lemitar Moun-
tains and Joyita Hills. 

The Lemitar Tuff is underlain by the strongly zoned tuff 
of Caronita Canyon, formerly interpreted as part of the 
moat-fill sequence emplaced after eruption of the 28.9 Ma 
La Jencia Tuff (Osburn and Chapin, 1983b). Normal 
polarity and an 40Ar/39Ar age of 28.0 Ma (Table 1, Fig. 28) 
suggest instead that the tuff of Caronita Canyon was a 
precursor unit erupted slightly before the Lemitar Tuff. 

Tuff of Walking X Canyon, 27.6 Ma-The youngest 
ignimbrite at the southern edge of the Mogollon-Datil 
volcanic field is the tuff of Walking X Canyon (Fig. 23; 
Hedlund, 1978). This 27.6 Ma, normal-polarity ignimbrite 
probably represents the distal fades of a large ignimbrite 
erupted from a source south of the Mogollon-Datil field. 

South Canyon Tuff, 27.4 Ma-The 27.4 Ma South Can-
yon Tuff is the youngest major, widespread ignimbrite in 
the northeastern Mogollon-Datil volcanic field. This well-
mapped high-silica rhyolite was erupted from the Mt. 
Withington cauldron, a "trapdoor" cauldron hinged along 
its southern edge (Fig. 30). Both outflow and 
intracauldron fades are well exposed and were extensively 
sampled (total of 43 sites). 40Ar/39Ar plateau ages from 
samples of both facies range from 27.28 to 27.40 Ma. Site-
mean paleomagnetic data from outflow and thinner (<500 
m) southern intracauldron fades are well-grouped in an 
unusual shallow, southwesterly direction that is distinct 
from all other Mogollon-Datil ignimbrites (Figs. 5, 30b, c). 
This distinctive TRM direction, together with 40Ar/39Ar 
data, has been used to identify the 1.5 m thick unwelded 
distal fringe of the South Canyon Tuff outflow sheet in 
the central Black Range (site 258 in Fig. 30). 

Site-mean TRM directions from thicker (500-1500 m) 
northern intracauldron-fades sections (Fig. 30d) show large 
between-site scatter (a„=12.7°) and a mean direction 
(D=187, 1=46) which is offset toward the expected time-
averaged field direction (D=170.5, I=-50), relative to the 
mean direction of the outflow fades (Fig. 30b, Table 1). 
The preferred explanation for the non-uniform magnetiza-
tion of the thick intracauldron fades is that it reflects 
paleosecular variation which occurred during protracted 
cooling (Reynolds et al., 1986; Wells and Hillhouse, 1989). 
Alternatively, the scattered site-mean directions might 
reflect non-horizontality of pumice foliations during initial 
cooling, or sub-blocking-temperature welding, flowage, or 
compaction (Rosenbaum, 1986). These possibilities are 
discussed in detail by McIntosh (1989, in press). In any 
case, these results support the conclusion that the use of 
paleomagnetism as a correlation criterion is less effective in 
thick intracauldron facies than in outflow sheets. 

Tuff of Slash Ranch, 26 Ma?-The tuff of Slash Ranch 
represents a poorly welded, zeolitized, but prominently 
exposed multi-cooling-unit ignimbrite which lies at or near 
the top of the Tertiary volcanic section near the center of 
the volcanic field (Fig. 31). This unit is apparently correla-
tive with the tuff of Jordan Canyon (Fig. 31) and is proba-
bly related to eruption of a rhyolitic dome, although no 
vent has been identified. This unit shows an unusual south 
and downward TRM direction (Table 1, Fig. 31) which 
may reflect eruption during a geomagnetic excursion or 
polarity transition. 

A single 40Ar/39Ar age of 26.1 Ma has been determined 
for the tuff of Slash Ranch. This age determination is not 
considered reliable, however, because of zeolitization and 



abundant non-volcanic(?) cross-twinned feldspar crystals. 
Because of this uncertainty and the limited extent (22 km) 
of the unit, the tuff of Slash Ranch was not used to define 
the end of eruptive episode 3. 

Episode 4 (24.3 Ma) 
Tuff of Turkey Springs, 24.3 Ma—After a 2.9 m.y. 

hiatus, Mogollon-Datil ignimbrite activity concluded at 
24.3 Ma with the eruption of a single, high-silica rhyolitic 
ignimbrite, the tuff of Turkey Springs (Ferguson, 1986). 
Prior to paleomagnetic analysis, this moderately extensive 
outflow sheet (Fig. 32) was not recognized as a strati-
graphically distinct unit, but was instead incorrectly 
mapped as either South Canyon Tuff (bonze, 1980) or 
Railroad Canyon Tuff (Fodor, 1976). 

Paleomagnetically identified tuff of Turkey Springs (Fig. 
32) extends over a 50 x 70 km area centered on the north-
ern San Mateo Mountains. All but two of the site-mean 
directions from this unit cluster tightly about the unit-mean 
TRM direction (D=176, 1=-52). Although the unit-mean 
TRM direction is only 4° from the time-averaged 
Oligocene field, it is distinctly different from the four other 
lithologically similar ignimbrites with which the tuff of 
Turkey Springs has been, or might be, confused (Figs. 5, 
26, 27, 29, 30). Two of the sites thought to be tuff of 
Turkey Springs (424 and 364 in Fig. 32) fall almost 
equidistant from the unit-mean TRM directions of tuff of 
Turkey Springs and South Canyon Tuff. These anomalous 
site-mean directions probably reflect errors in assessment 
of the paleohorizontal (McIntosh, 1989, in press) and serve 
to emphasize the need to support paleomagnetic 
correlations with all other available criteria. 

Two 40Ar/39Ar plateau ages for the tuff of Turkey Springs 
average 24.33 Ma (Figs. 4, 32, Table 1), 2.9 m.y. younger than 
any associated underlying ignimbrites. No source has  

21 

yet been identified for the tuff of Turkey Springs, but the 
gross distribution of the outflow sheet and an underlying 
pumice-fall deposit suggest a vent area, perhaps a small 
cauldron, in the east-central San Mateo Mountains, an 
area not yet mapped in detail. 

Summary 

40Ar/39Ar plateau ages and paleomagnetic data from 
Mogollon-Datil ignimbrites have been utilized to accurate-
ly correlate several units over distances of 40 to 200 km, 
thus providing reliable ties between previously established 
stratigraphic sequences. Subregional stratigraphic sequenc-
es have been assembled to yield an integrated time-strati-
graphic framework for the entire volcanic field (Figs. 2, 3). 
This stratigraphic framework helps to constrain the timing 
and distribution of Mogollon-Datil ignimbrite activity and 
furthermore provides significant age constraints for 
sequences of mafic and silicic lavas and sedimentary rocks 
for which precise ages have not been, or cannot be, mea-
sured. 

Mogollon-Datil ignimbrite activity ranged from 36.2 to 
24.3 Ma and was highly episodic, being confined to four 
brief (<2.6 m.y.) eruptive intervals separated by 1.5 to 3 
m.y. hiatuses. Cauldron-forming activity originated in the 
36.1-35.4 Organ cauldron area and subsequently migrated 
north and west. Rhyolitic activity was most intense 
between 29 and 27.3 Ma; this interval is characterized by 
alternating ignimbrite eruptions from the Mogollon and 
Socorro cauldron complexes, punctuated by two brief 
intervals (29.0-28.7 Ma and 28.1 Ma) of extensive 
rhyolitic dome and flow eruptions in the central Black 
Range area between the two cauldron complexes. 

Figures 6 through 32 start on next page. 
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