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Abstract 
This report is a compilation of isotopic ages and analytical data from more than 200 samples of 

volcanic and subvolcanic igneous rocks of the western and central parts of the Mogollon—Datil 
volcanic field of middle to late Cenozoic age. More than one-half of the tabulated ages have never 
been published. In addition to the compilation of ages, the report includes brief discussions of some 
of the problems involved in conventional K—Ar and fission-track dating of rapidly erupted volcanic 
sequences in a large, complex volcanic field and includes some of the specific volcano-stratigraphic 
problems in the central and western parts of the Mogollon—Datil field. 

Introduction 
In recent years, numerous K—Ar and fission-track 

ages have been determined for volcanic rocks of the 
Mogollon—Datil volcanic field. Most of these dated 
rocks were collected within or peripheral to the Clif-
ton 1° x 2° quadrangle of Arizona and New Mexico. 
However, the Clifton quadrangle encompasses only 
part of the Mogollon—Datil volcanic field. 

This compilation of isotopic ages lists more than 200 
samples of post-Paleocene igneous rocks. Slightly more 
than one-half of the tabulated ages have never been 
published. Also included in this compilation are 
unpublished analytical data pertaining to tabulated ages 
that have already appeared in print. 

The purposes of this compilation are: 

1) to present the currently available age data that 
are pertinent to establishment of viable vol-
canic stratigraphic sequences in the western 
and central parts of the Mogollon—Datil vol-
canic field. 

2) to describe some of the problems associated with 
dating the rocks of a complex volcanic field and 
the efficacy of different radiometric dating 
methods. 

3) to discuss the application of the ages in the 
compilation to certain specific geologic problems 
in the western and central parts of the 
Mogollon—Datil field. 

Present study 
Approximately 70% of the ages and analytical data 

in the compilation are the work of Marvin, Naeser, and 
Mehnert in the U.S. Geological Survey laboratories in 
Denver, Colorado, since about 1972, and about 12% 
are the work of Bikerman at the University of 
Pittsburgh, over roughly the same period. Some of the 
U.S. Geological Survey samples were collected by T. 
L. Finnell, D. C. Hedlund, W. E. Brooks, and B. B. 
Houser, but most were collected by Ratté. Biker-man, 
Marvin, and Mehnert are responsible for the 
conventional K—Ar age determinations and interpre-
tation of the analytical data; Naeser is responsible for 
the fission-track ages and analyses; Ratté is largely 
responsible for the geologic interpretations and strati-
graphic correlations. The geologic interpretations are 
based mainly upon published and unpublished map-
ping by T. L. Finnell, D. L. Gaskill, D. C. Hedlund, E. 
R. Landis, W. E. Brooks, B. B. Houser, D. H. Richter, 
V. A. Lawrence, and Ratté, all of the U.S. Geological 
Survey. Marvin and Ratté are principally responsible for 
preparation of the manuscript. 

Acknowledgments 
Ages and analytical data previously published by 

workers other than the authors comprise nearly 20% 
of the compilation. P. E. Damon, M. Shafiqullah, and 
D. York are the major contributors of published ages and 
analytical data for rocks collected by R. C. Rhodes, 
E. I. Smith, R. V. Fodor, T. J. Bornhorst, W. E. 
Elston, and others. V. A. Lawrence, M. R. Oakman, 
W. E. Brooks, and E. Rivera assisted in various 
aspects of field and laboratory work and manuscript 
preparation. 

M. Bikerman acknowledges support from the New 
Mexico Bureau of Mines and Mineral Resources for 
field work in western New Mexico. This is 
publication no. 665 of the Department of Geology and 
Planetary Science, University of Pittsburgh, 
Pittsburgh, Pennsylvania. 

We have profited from the informal cooperation of 
the New Mexico Bureau of Mines and Mineral Re-
sources, particularly through numerous field excursions 
with C. E. Chapin, G. R. Osburn, W. C. McIntosh, and 
S. M. Cather. Paleomagnetic studies and preci-
sion 40Ar/39Ar dating, presently in progress by W. C. 
McIntosh, have been shared freely with us and promise 
to provide important new dimensions toward es-
tablishing a volcanic stratigraphic framework for the 
Mogollon—Datil volcanic field. The manuscript was 
greatly improved by the very thorough editing of Jane 
Calvert Love, Associate Editor, New Mexico Bureau of 
Mines and Mineral Resources. 

Organization of compilation 
The compilation consists basically of separate en-

tries of descriptive and analytical data for more than 
200 rock samples. From this body of data, two master 
lists were made, Tables 1 and 8; both lists give the 
same information: entry number, name or correlation, 
age(s), and quadrangle location. In Table 1, the 
samples are listed in numerical sequence by entry 
number, according to their location in 71/2- and 15-
min quadrangles, whereas in Table 8 (pp. 24-29) they 
are rearranged in approximate order of increasing age, 
as interpreted from geologic relationships, as well as 
from isotopic ages. The sample localities are desig-
nated by entry number on a map showing the 71/2-and 
15-min quadrangles in which they occur (Pl. 1, in 
back pocket). Some of the samples are from localities 
outside the Clifton 1° x 2° quadrangle (Fig. 1), and 
they were included because their ages are rele- 
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vant to the volcanic stratigraphy in the Clifton quad-
rangle. 

In the main body of the compilation, the source of 
the age is indicated, and an accurate sample location is 
given. The entry number is followed by the author and 
date of publication, if the age has been published 
previously. If the age is new, the entry number is 
followed by a field number, which is preceded by 
USGS(D) if the sample was collected and analyzed by 
the authors or others with the U.S. Geological Survey 
in Denver. For a few samples, the published age was 
not accompanied by a sample number; for those few 
samples, the sample number is shown with a USGS(D) 
prefix. The entry line is followed by the rock name or 
stratigraphic unit; the correlations are generally those 
of the authors unless a reference is given. Where  

the correlation differs from that of other workers, an 
explanation commonly follows in the Comment. Sam-
ples are located according to latitude and longitude, 
section and township and range, name of 71/2- or 15-
min topographic quadrangle (Pl. 1, in back pocket; 
Fig. 1), county, state, and additional descriptive lo-
cation if available and useful. Section and township 
and range locations usually refer to published U.S. 
Geological Survey topographic quadrangles but in 
some cases refer to U.S. Forest Service maps because 
the land net on some of the U.S. Geological Survey 
quadrangles is incomplete. In cases where latitude and 
longitude of previously published sample localities are 
inconsistent with respect to accompanying section and 
township and range, we commonly report revised 
locations. Two or more samples may be grouped 

(text continued on page 13) 

 



 



 



 



 



 



 



under the same entry number if the samples are from 
essentially the same outcrop or represent a vertical 
sequence of the same stratigraphic unit. 

Analytical data are presented for all except a very 
few samples, for which such data were not available. If 
potassium content was represented by percent K in 
previously published sources, we have made the 
conversion to percent K20, and likewise with other 
parameters where necessary to make the presentation of 
analytical data as consistent as possible. All K-Ar ages 
have been recalculated using the decay constants and 
isotopic abundances of Steiger and Jager (1977). The 
quoted analytical uncertainty for all new ages for U.S. 
Geological Survey samples and for Bikerman's samples 
(University of Pittsburgh) is 2 standard deviations ( ± 2 
sigma). The level of uncertainty for other ages may be 
determined from the cited reference, as, for instance, 
Bornhorst et al. (1982), where the level of uncertainty is 
given as one standard deviation ( 
1 sigma). For some ages, such as those from Strang-
way et al. (1976), the level of uncertainty is not known. 
Most fission-track ages have been recalculated using 
presently accepted constants, and analytical uncertainty 
is listed as ± 2 sigma. 

Rubidium-strontium data for these volcanic rocks 
are quite sparse. At present, analytical data are re-
ported for seven samples. 

Under the subheading Comment, we mainly explain 
analytical problems that may affect the interpretation  
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of the ages and differences in stratigraphic correlation 
between different workers. Some of the previously 
published ages will not agree exactly with the ages 
for the same samples cited in this compilation 
because we have attempted to update revised or 
incorrect data. Some ages previously reported as 
recalculated ages in Ratté et al. (1984, tables 3 and 6) 
inadvertently were not recalculated as stated, but they 
have been recalculated for this compilation, as in 
Entries 176, 177, 181, and 182. 

Most of the dated samples in the compilation are 
from rocks in the eastern two-thirds of the Clifton 1° x 
2° quadrangle. They represent volcanic activity that 
preceded, accompanied, and followed the development 
of a major Oligocene caldera complex in the Mogollon 
Mountains volcanic source region (Ratté et al., 1984; 
Elston and Northrop, 1976; Chapin and Elston, 1978). 
The western one-third of the Clifton 1° x 2° quadrangle 
consists largely of lands that are part of the Fort 
Apache and San Carlos Indian Reservations, for which 
detailed geologic studies are largely unavailable. 
However, a few ages for rocks in the Baldy Peak 
area—White Mountains volcanic center—in the 
northwestern part of the Clifton quadrangle (Merrill, 
1974; Finnell et al., 1967) and for rocks in the Point of 
Pines and Bryce Mountain areas in the southwestern 
part of the quadrangle (Bromfield et al., 1972; 
Strangway et al., 1976) have been included in the 
compilation for completeness. 

Discussion 
Conventional K-Ar and fission-track dating of suit-

able minerals has been generally useful in fitting the 
volcanic sequences in the western and central parts of 
the Mogollon-Datil volcanic field into an absolute 
time frame. However, these dating methods are of 
more limited use in establishing the sequence of 
closely spaced eruptive events in late Oligocene and 
early Miocene time when most of the volcanic 
activity occurred. Undue reliance on isotopic dating, 
particularly on single-mineral ages, in establishing 
volcanic sequences during past reconnaissance studies 
has caused considerable confusion in the correlation 
of volcanic units and timing of eruptive events upon 
which structural and petrogenetic interpretations must 
be based. 

In this section of the report, we will consider some 
of the analytical problems in dating the eruptive his-
tory of a complex volcanic pile where closely spaced 
eruptions and intrusions commonly proceeded con-
currently at different eruptive centers. In the absence 
of suitable regional volcanic stratigraphic marker units 
or the intertonguing of flows and pyroclastics from 
adjacent volcanic centers, isotopic dating may become 
critical, and the method with the greatest resolution 
for the time span involved must be applied. Where 
Oligocene and early Miocene events are separated by 
1-2 m. y. or less, conventional K-Ar and fission-track 
ages are generally ineffective, but the 40Ar/39Ar 
method holds great promise for providing the 
necessary resolution. 

A few 40Ar/39Ar ages for samples previously dated by 
conventional K-Ar and fission-track methods have  

been made available by John F. Sutter (USGS, Reston, 
Va.), Entries 172, 179, and 181, and Laura L. Kedzie, 
Entries 165 and 166 (Kedzie, 1984). In addition, Table 
2 presents the results of preliminary 40Ar/39Ar dating 
of several major ash-flow tuffs of the Mogollon-Datil 
volcanic field (McIntosh et al., 1986, table 1) for com-
parison with the conventional K-Ar and fission-track 
ages compiled here. 

Fission-track ages have the additional capability of 
providing information on the cooling history of a rock 
through low-temperature annealing of fission tracks 
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and recognition of post-emplacement thermal events 
(Naeser, 1976; 1979). Thus, discordant K—Ar and fis-
sion-track ages may not only be clues to post-depo-
sitional thermal events, such as an intrusive episode, 
but, in a mining district, may allow mapping of ther-
mal anomalies related to blind intrusives that could be 
important in mineral exploration (Naeser et al., 1980). 
As a possible case in point, in the Mogollon mining 
district, intrusive andesite (Entry 77) east of the 
mineralized Queen fault has a biotite K—Ar age of 
27.1 m.y.; thus, it appears to be related to the Bear-
wallow Mountain Andesite. However, fission-track 
ages (zircon = 23.5 m.y. and apatite = 14.7 m.y.) 
suggest a partial annealing of fission tracks in the 
zircon and probably complete annealing of apatite at a 
later time, possibly coincident with the mineralization 
in the Mogollon district, presently indicated as about 
17 m.y. ago from K—Ar dating of vein adularia (Entry 
78). Additional fission-track dating might define a 
thermal anomaly that would be useful in further 
mineral exploration in the district. 

Comparative age data for Bloodgood 
Canyon and Apache Spring Tuffs 

The Bloodgood Canyon and Apache Spring Tuffs are 
major caldera-forming ash-flow tuffs whose volumes 
each exceed 1,000 km3. They are virtually in-
distinguishable in age by standard isotopic methods 
(Table 3), but geologic relationships show that the 
Bloodgood Canyon Tuff is older than the Apache Spring 

Tuff. Both tuffs are believed to represent a composi-
tionally zoned sequence that was erupted from a high-
level magma chamber beneath the Bursum caldera 
(Ratté et al., 1984). 

Fifty-eight separate K—Ar and fission-track age de-
terminations on biotite, sanidine, zircon, and sphene 
from Bloodgood Canyon Tuff (51 ages) and Apache 
Spring Tuff (seven ages) are listed in Table 3. The large 
number of Bloodgood Canyon Tuff ages was generated 
by correlation problems resulting from the nearly 10 
m.y. spread in ages (Fig. 2) obtained from widespread 
outcrops of the outflow sheet of the tuff (Ratté et al., 
1984). The ages obtained by different techniques or on 
different minerals range beyond stated analytical 
uncertainty. The differences in the K—Ar ages can be 
examined either as (1) the discordancy of ages between 
coexisting biotite and sanidine or (2) the discordancy of 
ages amongst all biotites, all sanidines, all whole-rocks, 
etc., from different outcrops of the same volcanic 
formation. In the first case, the discordancy is now 
considered to be mainly an analytical one, probably 
related to the incomplete extraction of argon from alkali 
feldspars (McDowell, 1983). Of seven Bloodgood 
Canyon Tuff samples for which biotitesanidine pairs 
were dated, six of the biotite ages are older than the 
corresponding sanidine ages by amounts ranging from 
0.6 to 3.3 m.y. (2-12%); in the remaining sample, the 
biotite—sanidine ages were the same. Similarly, within 
this entire compilation of isotopic ages in the Clifton 1° 
x 2° quadrangle and vicinity, biotite ages are older for 
15 out of 19 biotite—feldspar pairs; for one sample, the 
biotite age is older than the cor- 
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responding whole-rock age by 5% . Since the general 
recognition of this problem in the late 1970's, argon 
extraction from the sanidines in Bloodgood Canyon 
Tuff has generally improved, and the later sanidine K-
Ar ages are in better agreement with the biotite KAr 
ages. The three sanidines that gave ages less than 24.5 
m.y. (Entries 109, 153, and 155) have been re-dated 
using the same sample (Entry 153) or different samples 
from the same outcrops (Entries 108 and 156); the 
second ages are all between 27.3 and 28.0 m.y. 

Zircon and sphene fission-track ages for 
Bloodgood Canyon and Apache Spring Tuffs (Fig. 2) 
show a spread (24.0-31.0 m.y.) comparable to the K-
Ar ages (23.430.5 m.y.). Although sphene ages have a 
relatively large analytical uncertainty because of the 
very low uranium content of the sphene, five of eight 
sphene samples give ages ranging between 29.4 and 
30.4 m.y. for both tuffs. 

From the data in Table 3, it seems reasonable to 
conclude that the age of the Bloodgood Canyon and 
Apache Spring Tuffs is about 28-29 m.y. It also seems 
clear that single-mineral ages on Bloodgood Canyon 
Tuff, which is the most widespread volcanic strati-
graphic marker in the western Mogollon-Datil volcanic 
field, have been quite misleading. Thus, rocks that 
previously have been described as Railroad Canyon 
Tuff (Elston and Damon, 1970; Elston et al., 1973) 
and thought to be about 23 m.y. old, actually are 
Bloodgood Canyon Tuff (Ratté et al., 1984). This as-
signment removes the need for a separate Railroad 
Canyon source such as the Corduroy Canyon depres-
sion of Elston (1984, table 1, no. 27). The name Rail-
road Canyon was abandoned by Lawrence and Richter 
(1986) in favor of Bloodgood Canyon. 

Volcano-stratigraphic correlations 
Despite some fairly concentrated efforts in geologic 

mapping in the Mogollon-Datil volcanic field during 
the past 20 yrs by several groups, mainly from the 
University of New Mexico, New Mexico Institute of 
Mining and Technology, and the U.S. Geological Sur-
vey, an integrated volcanic stratigraphy for the major 
parts of the field only now is beginning to take form. 
A large step in this direction is the publication of 
Stratigraphic Chart 1 by the New Mexico Bureau of 
Mines and Mineral Resources (Osburn and Chapin, 
1983) and the initial results of combined paleomag-
netic studies and 40Ar/39Ar dating (McIntosh et al., 
1986). 

The distribution and correlation of some of the major 
ash-flow sheets in the Mogollon-Datil volcanic field are 
shown in Fig. 3. The principal eruptive centers 
represented by the tuffs shown in Fig. 3 are: 

1) Socorro-Magdalena-San Mateo Mountains 
caldera cluster in the northeastern part of the 
Mogollon-Datil volcanic field, outside of the 
Clifton 1° x 2° quadrangle. Some of the as-
sociated tuffs include Tuff of Turkey Springs, 
South Canyon Tuff, Lemitar Tuff, Vicks Peak 
Tuff, La Jencia Tuff, and Hells Mesa Tuff and 
correlatives—Fall Canyon Tuff (in part?) and 
tuff of Luna. 

2) Mogollon Mountains caldera cluster in the 
central and western parts of the MogollonDatil 
volcanic field. The associated tuffs include 
Bloodgood Canyon Tuff, Apache Spring Tuff 
(not shown in Fig. 3 because it occurs only 

 



within the Bursum caldera), Shelley Peak Tuff, 
Davis Canyon Tuff, and Cooney Tuff. 

3) Emory cauldron center in the southern Black 
Range, east of the Clifton 1° x 2° quadrangle. 
Two of the associated tuffs are Kneeling Nun 
Tuff and Fall Canyon Tuff (in part?). 

4) Pinos Altos—Cliff—Tyrone region mainly in 
the northeastern part of the Silver City 1° x 2° 
quadrangle (Drewes et al., 1985), south of the 
Clifton 1° x 2° quadrangle (Fig. 1). The Tad-
pole Ridge Quartz Latite Tuff (Fig. 3) is only 
one of several tuffs in a major eruptive se-
quence that represents a caldera cluster in this 
region (Wahl, 1980; Ratté, unpubl. reconnais-
sance 1985-1986). 

The 28-29 m.y. old Bloodgood Canyon Tuff, which 
is distributed over an area of approximately 15,000 
km2 (Ratté et al., 1984, fig. 6), is the most widespread 
volcano-stratigraphic marker presently known in this 
field. Throughout much of its outcrop area, Blood-
good Canyon Tuff occurs with the underlying Shelley 
Peak and Davis Canyon Tuffs. Where the phenocryst-
rich, brick-red Shelley Peak Tuff is sandwiched be-
tween white to gray Bloodgood Canyon and Davis 
Canyon Tuffs, they make a distinctive stratigraphic 
triplet, which provides even more convincing volcano-
stratigraphic control than Bloodgood Canyon Tuff 
alone. However, in the critical areas where tuffs from 
different centers in the Mogollon, Black Range, and 
Socorro source areas interfinger, look-alike tuffs of 
very similar age, petrographic character, and strati-
graphic position can be only tentatively distinguished 
at this time. In the northeastern part of the Clifton 
quadrangle, all possible criteria must be utilized to 
separate 28-29 m.y. old, crystal-poor tuffs, such as 
Davis Canyon, Vicks Peak, and La Jencia Tuffs. 

Similarly, several phenocryst-rich tuffs have proven 
to be very difficult or impossible to distinguish by 
field criteria alone. The Kneeling Nun and Hells Mesa 
Tuffs are 3-4 m.y. different in age (Table 2) but are so 
similar petrographically that where stratigraphic con-
trol is inadequate and precise dating and paleomag-
netic data are lacking, they have often been 
miscorrelated or given local names where correlation 
is uncertain. Fall Canyon Tuff and tuff of Luna could 
be correlated by lithology with either Kneeling Nun or 
Hells Mesa Tuffs. However, preliminary paleo-
magnetic analysis of the tuff of Luna suggests that it 
correlates with Hells Mesa Tuff (McIntosh, pers. 
comm. 1986), which is compatible with conventional 
K—Ar sanidine ages reported here for tuff of Luna 
(Entries 135 and 136) but incompatible with K—Ar 
biotite ages for the same samples. 

Correlation of Fall Canyon Tuff with either Kneeling 
Nun or Hells Mesa Tuffs from present data is more 
complicated. It may be that in some places Fall Canyon 
Tuff is Kneeling Nun, and in other places it is Hells 
Mesa. When Ratté et al. (1984) suggested that Fall 
Canyon Tuff in the Mogollon Mountains might 
correlate with Kneeling Nun Tuff, the accepted age of 
Kneeling Nun Tuff was about 34 m.y. (Entry 191). 
Since then, new 40Ar/39Ar ages indicate that its age is 
greater than 35 m.y. (Entries 179, 180, and 181). Also, 
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new ages of about 32 m.y. for Fall Canyon Tuff (Entry 
172) suggest a correlation of Fall Canyon Tuff in the 
Steeple Rock quadrangle (Fig. 1) with the Hells Mesa 
Tuff. However, correlation of Fall Canyon Tuff with 
Hells Mesa Tuff throughout the Mogollon—Datil vol-
canic field creates a source problem. If Hells Mesa Tuff 
originated in the Socorro caldera, as is generally 
accepted (Osburn and Chapin, 1983), correlation with 
Fall Canyon Tuff in the Mogollon Mountains and Stee-
ple Rock regions would require a highly asymmetric 
distribution of Hells Mesa Tuff, with a lobe extending 
200 km or more southwestward from the assumed 
source cauldron at Socorro. Correlation of the tuff of 
Luna and Hells Mesa Tuff is seemingly less proble-
matic, but correlation of all three tuffs would require 
the source to be close to the geographic center of 
distribution. 

Other lithologically similar phenocryst-rich tuffs that 
commonly are difficult to distinguish in the field are 
Bloodgood Canyon and South Canyon Tuffs and the 
tuff of Turkey Springs. Precision 40Ar/39Ar dating and 
paleomagnetic analysis have been critical in separating 
these units in the northern Black Range, east of the 
northeastern part of the Clifton 1° x 2° quadrangle, 
where tuffs from the various eruptive source areas do 
not conform to the familiar stratigraphic context found 
in the source areas (McIntosh et al., 1986). 

It is probably most difficult to identify the very thin to 
discontinuous distal edges of ash-flow tuff outflow 
sheets, where the tuffs are least likely to be in a rec-
ognizable stratigraphic context. A number of such thin, 
discontinuous tuffs (including Entries 139, 142, and 
143) are interlayered with the andesitic lava flows, 
mudflow breccias, and volcaniclastic sedimentary rocks 
that unconformably underlie Davis Canyon Tuff in the 
Saliz Pass, Reserve, and Bull Basin quadrangles (Pl. 1). 
These andesitic rocks of the Pueblo Creek Formation 
(Ratté, 1986) and interlayered tuffs are largely 
correlative with the Spears Formation and Datil Group 
of Osburn and Chapin (1983). Thus some of the thin 
interlayered tuffs may correlate with the tuffs of the 
Datil Group, which include the Blue Canyon, Rock 
House Canyon, and Datil Well Tuffs. 

Flow-banded rhyolites of the central and 
western parts of the Mogollon—Datil 
volcanic field 

The so-called flow-banded rhyolites are designated 
thus to distinguish extensive tracts of intrusive—ex-
trusive rhyolite flows, domes, and subvolcanic intru-
sives from the rhyolite ash-flow tuff sheets of similar 
age and composition, which blanket much of the re-
gion. From the Black Range to the Mogollon Moun-
tains and south toward Steeple Rock and the Big Lue 
Mountains, the flow-banded rhyolites cover on the 
order of 1,000 km', i.e. about 10% of the approxi-
mately 10,000 km2 in the central and western parts of 
the Mogollon—Datil volcanic field. From surface ex-
posures they appear to have a volume of at least 300 
km3 and perhaps much more. The rhyolites range in 
composition from rhyodacite to high-silica rhyolite 
and have been mapped and described under many 



 

local names, such as Fanney Rhyolite (Ferguson, 1927), 
Jerky Mountains Rhyolite (Elston, 1968, p. 237; 1976), 
rhyolite of the Diablo Range (Ratté and Gaskill, 1975), 
rhyolite of Hells Hole (Ratté and Hedlund, 1981), Tay-
lor Creek Rhyolite (Elston, 1968, p. 238; Lawrence, 
1986; Duffield, 1986), and rhyolite-flow map units 
(Tdf, Tdr) of Willard and Stearns (1971). The flow-
banded rhyolites have long presented stratigraphic and 
structural problems because of petrographic similarities, 
their complex field relationships, and their many sep-
arate eruptive centers. 

Some of the rhyolite bodies are localized along 
caldera ring-fracture zones, such as those around the 
Bursum caldera (Ratté and Gaskill, 1975), but large  

masses elsewhere have no known relationship to cal-
dera structures. Rather they seem to represent a general 
rise of rhyolitic magma to subvolcanic levels, from 
where large volumes were erupted onto the surface 
toward the end of the caldera cycle of activity in the 
volcanic field. Because the flow-banded rhyolites ap-
parently are the final manifestation of silicic volcanic 
activity before the onset of voluminous andesitic vol-
canism, they would seem to record temporal and com-
positional variations at different locations in the upper 
part of the batholith-size magma chamber immediately 
prior to its consolidation. 

Accurate dating is a prerequisite for the study of 
the late caldera-cycle sequence of rhyolitic eruptive 
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events. A list of ages of flow-banded or flow—dome 
rhyolites is compiled separately in Table 4, and the 
ages are summarized in histograms according to the 
minerals dated and the correlation of units in Fig. 4A, 
B. Seventy-five percent of the rhyolite ages cluster 
between 26 and 29 m.y., and more than half of all the 
ages, and all seven biotite ages, are between 27 and 
29 m.y. However, field relationships indicate that the 
rhyolites were not erupted all at the same time. 

Two age groups of flow-banded rhyolite are known, 
based on their stratigraphic position relative to the 
Bloodgood Canyon Tuff. Flow—dome rhyolites 
younger than Bloodgood Canyon Tuff include the 
Jerky Mountains Rhyolite of Elston (1968) where it is 
present within the Bursum caldera, Fanney Rhyolite, 
rhyolite of Nabours Mountain, other rhyolites along 
the western ring-fracture zone of the Bursum caldera, 
and rhyolite of Hells Hole. The rhyolite of Rocky 
Canyon in the North Star Mesa quadrangle (Ratté and 
Gaskill, 1975) has not been dated, but it also overlies 
Bloodgood Canyon Tuff. 

Flow-banded rhyolites older than Bloodgood Can-
yon Tuff include Taylor Creek Rhyolite and its cor-
relatives in the northeastern part of the Clifton 1° x 2° 
quadrangle and probably most or all of the Jerky 
Mountains Rhyolite previously mapped in reconnais-
sance (Rhodes and Smith, 1976; Elston, Rhodes et al., 
1976; Coney, 1976) outside of the Bursum caldera. 

Another rhyolite flow—dome complex that is older 
than Bloodgood Canyon Tuff is the rhyolite of the 
Diablo Range, which covers more than 200 km2 in the 
southern walls of both the Gila Cliff Dwellings and 
Bursum calderas (Ratté and Gaskill, 1975). However, 
the rhyolite of the Diablo Range (Entry 210) and the  

petrographically similar Jerky Mountains Rhyolite in 
the Mogollon Mountains within the Bursum caldera 
(Entry 209) are indistinguishable in age according to 
conventional K—Ar dating of sanidines. Further com-
plicating the relationship between these two seem-
ingly identical rhyolites, which are in contact across 
the Bursum caldera wall, is the association of agglu-
tinates and/or ash-flow tuffs interlayered in the rhy-
olite of the Diablo Range. Although the thick (0-150 
m), welded, near-source pyroclastic rocks closely re-
semble Bloodgood Canyon Tuff and led Ratté to 
speculate that the rhyolite of the Diablo Range might 
be intrusive and thus younger than Bloodgood 
Canyon (Ratté et al., 1984, p. 8720), reexamination in 
the field (1987) and additional petrographic and 
chemical data (Seamans and Elston, 1987) clearly 
show that the rhyolite of the Diablo Range is older 
than Bloodgood Canyon Tuff as originally mapped by 
Ratté and Gas-kill (1975). 

If the rhyolite of the Diablo Range and the intra-
caldera Jerky Mountains Rhyolite of Elston (1968) are 
separated in time by the Bloodgood Canyon Tuff, as 
interpreted here, then their ages would probably bracket 
the major events in the development of the Bursum 
caldera. These ages may be resolved by future 40Ar/39Ar 
dating. 

Taylor Creek Rhyolite was proposed by Rhodes 
(1976b) as a cauldron rhyolite of the Gila Cliff Dwell-
ings caldera (Elston, 1984), and he believed it marked 
the ring-fracture zone of that caldera. However, recent 
geologic mapping of the Wall Lake, Indian Peaks 
West, and Indian Peaks East quadrangles (Pl. 1, Fig. 1; 
Richter, 1986; Richter and Lawrence, 1986; Lawrence 
and Richter, 1986) shows the Taylor Creek Rhyolite 

 



 

beneath and older than Bloodgood Canyon Tuff, mak-
ing it very difficult for the rhyolite to be the defluidized 
residue of Bloodgood Canyon Tuff as proposed by 
Rhodes. New ages for Taylor Creek Rhyolite (Entry 
104) and unpublished ages (Maxwell and Marvin, pers. 
comm. 1985) range from 26 to 28 m.y., significantly 
older than the 24.5 m.y. age for Taylor Creek Rhyolite 
(Entry 105) reported by Elston and Damon (1970). 

Again it is worth emphasizing that fission-track and 
conventional K—Ar dating are inadequate for resolv-
ing time relationships amongst closely spaced events 
of caldera ring-fracture volcanism in the Oligocene to 
early Miocene age range. 

Bearwallow Mountain Formation 
redefined and revised 

The Bearwallow Mountain Formation is here re-
defined as Bearwallow Mountain Andesite to clarify 
its age and the volcanic units that are included in it 
(Table 5). As formally defined (Elston, 1976, pp. 132-
133), the Bearwallow Mountain Formation is about 21 
m.y. old; its lower part is intertongued with John Kerr 
Peak Quartz Latite (21.4 ± 1.1 m.y.; Entry 126) and 
Jordan Canyon Rhyolite (21.7 ± 0.7 m.y.; Entry 106), 
and the upper part (21.1 ± 0.5 m.y.; Entry 100) in-
tertongues with Gila Conglomerate at Roberts Lake 
Dam. The formation was expanded by Rhodes (1976a, 
p. 47) to include all post-Deadwood Gulch Rhyolite 
(24.4 ± 1.5 m.y.; Entry 162) mafic and intermediate 
rocks. However, recent K—Ar dating of andesite at 
Bearwallow Mountain, the type locality, and else-
where shows that the ages of the most voluminous 
members of the Bearwallow Mountain, such as the 
shield-type volcanoes at Bearwallow Mountain, Ne-
grito Mountain, Pelona Mountain, 0 Bar 0 Mountain, 
and Black Mountain (Entries 80, 81, 110, 111, and 
192) are between 23 and 27 m.y. Compositionally, 
these rocks range from dacite to basaltic andesite but 
are dominantly andesitic rather than basaltic (Stinnett,  

1980; USGS, unpubl. data 1986), whereas less volu-
minous mafic lavas less than about 21 m.y. old, in-
cluding those used originally to define the age of the 
Bearwallow Mountain Formation, are basaltic and 
range from basaltic andesite to alkali basalt. Limited 
isotopic data (Stinnett, 1980; USGS, unpubl. data 
1986) also indicate that the younger, more basaltic 
lavas, less than about 21 m.y. old (Table 6), are 
chemically distinct from the 23-27 m.y. old andesitic 
lavas of the Bearwallow Mountain Andesite, as 
redefined here. More silicic volcanoes that previously 
were included in the Bearwallow Mountain (Table 6), 
such as Eagle Peak (Elston, 1976, p. 132) and Horse 
Mountain (Bornhorst, 1980, p. 1011), are in a group of 
middle to late Miocene intermediate to silicic volcanic 
centers (Table 7) that lie along the Morenci—Reserve 
fault zone (Ratté, 1986). 

To more accurately reflect the age and composition 
of the rock at the type locality at Bearwallow Mountain 
(Elston, 1976, pp. 132-133), we are changing the Bear-
wallow Mountain Formation to Bearwallow Mountain 
Andesite, and we are limiting the unit to include those 
predominantly calc-alkalic andesites and basaltic-an-
desite eruptives and intrusives of a series of low-profile 
cones or small shield volcanoes that range in age from 
23 to 27 m.y. Most of the rocks originally included in 
the Bearwallow Mountain Formation of Elston (1976, 
pp. 132-133) fit these criteria. Dated units that we 
include in the Bearwallow Mountain Andesite are listed 
in Table 5. 

Excluded from our usage of Bearwallow Mountain 
Andesite (Table 6) are younger intermediate to silicic 
rocks, such as the dacitic volcano at Eagle Peak (Entry 
204) and the rhyolitic volcano at Horse Mountain (En-
try 114), that were formerly included in the Bear-
wallow Mountain Formation of Elston (1976) but are 
not related to the Bearwallow Mountain Andesite. Also 
excluded are the more basaltic lavas (mainly alkalic 
and tholeiitic) that are younger than 21-22 m.y. These 
basaltic lava flows, which are notably thinner 



 



 

than most accumulations of Bearwallow Mountain 
Andesite, generally occur at the base of or interlayered 
with Gila Conglomerate. 

Basalts about 12-22 m.y. old, here excluded from the 
Bearwallow Mountain Andesite (Table 5), may b€ 
more closely akin to the 1-6 m.y. old alkali basalts 
(Entries 63, 170, 132, 133, and 137), for which 
initial 87Sr/86Sr ratios of 0.703-0.704 have been reported 
(Bikerman, 1976; Stinnett, 1980, 1976; Elston, Rhodes, 
and Erb, 1976, p. 127), than to the Bearwallow 
Mountain andesites, which have initial 'Sr/'Sr ratios 
between 0.7078 and 0.7083 for 11 of 12 samples 
(Stinnett, 1980, p. 81). 

Miocene volcanism along the Morenci- 
Reserve fault zone 

New ages for volcanic rocks along the north-north-
east-trending Morenci-Reserve fault zone tend to par-
tially fill in that part of the age spectrum of volcanic 
rocks commonly referred to as the mid-Miocene lull, 
about 20-14 m.y. ago (Fig. 5; Chapin and Seager, 1975). 
Ages for rocks along this zone have been compiled 
separately in Table 7. They include a bimodal suite of 
rhyolites and basalts in the southwestern part of the 
Morenci-Reserve zone, as follows: the rhyolites of 
Potholes Country (Entries 49 and 50) and Mule Creek 
(Entries 34, 35, 36, and 44), the rhyolites of Coal Creek 
and The Box (Entries 37 and 48), and basalt flows 
interlayered in Gila Conglomerate (Entries 38, 39, 51, 
79, 198, and 200); ages of these rhyolites and basalts 
range between 15 and 21 m.y. 

In the northern part of the fault zone, from the 
vicinity of Reserve to Horse Mountain, volcanic rocks 
of basaltic to rhyolitic composition (including inter-
mediate rock compositions) range between 8 and 19 
m.y. in age. Included are calc-alkaline medium- to high-
K rhyolites of the Horse Mountain composite volcano 
(Entry 114; Bornhorst, 1980, chemical analyses 580-
584); domes of high-K rhyolite in the John Kerr Peak 
dome complex (Entry 126, Smith, 1976; Entry 127), 
high-K dacite in the intrusive at Wet Leggett Spring 
(Entry 140; Ratté and Grotbo, 1979, chemical analysis 
78; Bornhorst, 1980, chemical analyses 565, 1016-
1019), dacite at Eagle Peak (Entry 204; Ratté and 
Grotbo, 1979, chemical analysis 72), and high-silica 
rhyolite of Maverick Peak (Entry 141). Also, along this 
zone and adjacent to it, are Pliocene and Quaternary 
basalt flows (Entries 63, 132, 133, and 137) and 
andesitic volcanic centers of Bearwallow Mountain 
Andesite age-23-27 m.y. Thus, the MorenciReserve 
fault zone has long localized leakage of magma along 
the western margin of the Mogollon-Datil volcanic 
field; the fault zone probably provided access to the 
surface during and following crystallization of the 
batholith underlying this volcanic field. 

At present, the limited strontium isotopic data sug-
gests that the younger mafic volcanics (Pliocene and 
younger) have initial 87Sr/86Sr ratios of 0.703-0.704. 
The older mafic volcanics, such as the Bearwallow 
Mountain Andesite (23-27 m.y.), have initial 87Sr/86Sr 
ratios around 0.708. The decreasing initial strontium 
ratios with decreasing age may indicate faster magma 
ascent and less crustal contamination for the younger 
volcanics and/or differences in source region. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



elevation about 5,680 ft, north of Rustlers 
Springs, Big Lue Mountains quad., Greenlee Co., 
AZ). Analytical data: (biotite) K20 = 7.34, 
7.42%; 40Ar* = 3.004 x 10-10 mol/gm; 40Ar*/ 
Σ40Ar = 72%; (plagioclase) K20 = 0.60, 
0.61%; 40Ar* = 0.2110 x 10-10 
mol/gm; 40Ar*/Σ40Ar = 7%. Comment: Dated 
flow is near the base of the rhyodacite of the Big 
Lue Mountains, which consists of interlayered 
lava flows and pyroclastic deposits. Biotite age is 
believed to be more compatible with the 
volcanic stratigraphic sequence than the 
plagioclase age (Ratté, unpubl. mapping 1983). 

(biotite) 28.1 ± 1.0 m.y. 
(plagioclase) 24.1 ± 1.3 m.y. 
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