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ZIRCON-FISSION-TRACK AGES OF NEOCENE AIR-FALL ASHES FROM THE GILA GROUP AND

THE CAMP RICE FORMATION, GRANT AND DONA ANA COUNTIES, NEW MEXICO

WINFRIED LEOPOLDT

CURTIS P. KORTEMEIER
Geology Department, University of New Mexico, Albuquerque, NM 87131

Geologic Setting

The three vitric ashes studied in this paper have been col
lected at two different locations shown in fig. 1. Their
geologic setting is described separately as follows.
The northern end of the NW-trending asymmetrical

Mangas graben, is filled with up to 700 m (Ratte and
others, 1 979) of Neogene terrestrial, predominantly clastic
sediments, commonly assigned to the Gila Conglomerate
or Gila Group (Gilbert, 187 5; Page, 1916; Heindl, 1963;
Trauger, 1972). Tilted and uplifted Oligocene and early
Miocene volcanic rocks on the flanks of the Mangas graben
are the principal sources of the locally derived sediments.
Basin fill is early Miocene to early Pleistocene in age, as
indicated by (1) dated lower Miocene and Pliocene ba
salt flows (Bikermann, 1972; Elston and others, 1973;
Bornhorst and Elston, 1978; Ratte and Finnell, 1978;
Weber and Basset, 1 963; Finnell, written communication.
May, 1980) and (2) faunas of late Clarendonian-earliest
Hemphillian, late Hemphillian, and late Blancan ages (Cope,
1884, p. 59; Cunningham, 1974; Ratte and Finnell,
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FIGURE 1. Ash sample localities in southern New Mexico.
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1978, p. 54; Manning and Tedford, written communica
tion, September, 1980). A detailed study of the basin-fill
sediments of the central Mangas graben (Leopoldt, 1 981)
elaborated earlier studies (Trauger, 1972).

Rapid deposition of older basin fill (prior to 10 m.y. ago)
is documented by 240 m of marginal coarse-grained fan-
glomerate. Renewed pre-late Hemphillian deposition of
younger basin fill (approximately 6-1.7 m.y. ago) resulted
in an asymmetrical westward shift of facies. Three sedi
mentary subfacies, laterally gradational, can be disting
uished: (1) coarse-grained, poorly sorted fanglomerates
near the basin margin; (2) interlayered pebble conglom
erate and medium to coarse-grained cross-bedded sand
stone; and (3) mudcracked mudstone, claystone, diato-
mite, and chert beds at the basin center. These deposits
have been interpreted as products of a dynamic fan and
playa-lake environment (Leopoldt, 1981) with the follow
ing subenvironments: (1) fan-head; (2) mid-fan to distal
fan; and (3) playa and lacustrine. Diatom assemblages
(Ratte and Finnell, 1978), authigenic zeolites and fluorite
(Sheppard and Gude, 1980, Sheppard and Mumpton,
1981), chert beds (Sheppard and Gude, 1974), and high
lithium concentrations (Tourtelot and Meier, 1 976 a, b) in
the basin-center sediments indicate a hydrologically closed
basin with a shallow, ephemeral or seasonally saline lake,
fed by hot springs. In late Pliocene and earliest Pleistocene
time the lake freshened and expanded slowly, covering
most of the mapped area. The integration of the drainage
into a regional externally-drained system in mid-Pleistocene
time is documented by a series of several well-developed
pediment and stream-terrace surfaces, indicating 250 m of
downcutting of the Gila River since latest Pliocene or early
Pleistocene time (Hawley and others, 1976* Leoooldt
1981). ' ^ '
The isolated outcrop of the Grama Gully ash in the south

ern part of the Jornada del Muerto of south-central New
Mexico occurs in an arroyo at the Grama siding of the
Atchison, Topeka, and Santa Fe railroad approximately 1 2
km north of Rincon, Dona Ana County, New Mexico This
has been informally identified as Pearlette like bv Spanor
and Hawley (1973, fig. 6). The bed is preserved in fin^
grained sediments of the Camp Rice Formation reorespnV
ing a distinct basin-floor facies of deposition. Strain (1 qR^
dated fossils from the Camp Rice Formation as Pleistocene
in age (Blancan and Irvingtonian; Hawley 1978 corr^iati^
char. 21 The Camp Rica Forma,lop was dapoaitaSCrlTr
distributaries which fanned out from the PalomarRTl
above Hatch. The locus of active deposition durino Cam
Rice shifted across the central plain of tho u
Jornada del Muerton Basin (Seager and Hawley a
subfacies of the Camp Rice basin finnr A
Grama Gully ash. This subfacies consists of
reddish-brown clay, overlain by 0.3-0 6 m of^in
ish clay, interbedded with and overlain bv^ wh ?
biotitic volcanic ash bed. The ash ranges^tWrifn '
0.15 to 0.35 m. The fine-grained subtrces^^^^^^^^
low-energy environment and rapid aggradation f ® ®
preted as an overbank deposit of the ancestra Rio r '"T
(Kortemeier, 1980, 1982). Both the upper and towJr ®
tacts of the overbank subfacies with the basin-floor fachTj
are conformable or paraconformable. acies
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Sample Preparation and Methods

Ash samples were prepared for fission-track dating, using
standard heavy liquid procedures. Zircons were picked
from the 60 to 200 mesh fraction under the petrographic
microscope. C. W. Naeser (U.S. Geological Survey, Den
ver) kindly irradiated and counted the induced tracks in a
low-uranium glass standard to determine the thermal
neutron flux applied to the sample. The decay constant for
spontaneous fission of used in calculating the ages of
the ash samples was f = 6.85 x 10^Vyr (Naeser, 1976).

Discussion and Conclusions

Zircon-fission-track data for three ash samples from the
younger basin fill of the Mangas graben (A 1, A 8-9) and
the Camp Rice Formation (ST-05) are listed below. Sample
« 9 determined as 2.01 ± O.97 m.y., sample A 1
m V Tho t sample ST-05 as .75 ± .20
cau<?P of th ^963 have a great uncertainty be-
confspnllt Tr """" u®' counted. Most zir-
accuratrf t""" unfavorable for
some zirconc- i deep coloring of
the nlnsnarenl^'^^ fractures within most of

numbe, of trackt oV'fl"

the ashes° W^'^determfne^^^ element composition of
analyzed Neogene asfies (table "I'l ®i*ter
the glass-shards contain rin ui indicate that
is highly altered as Sirato^ il i^® ^ 8-9
and very high CaO vain j AI2O3, high PaOs,ry n.gh CaO values and will not be considLd fur-

ther. Sample A 1, with more than 70% Si02 (water free), is
a rhyolite. Similarity coefficient variations (Borchardt and
others, 1 971, p. 247) were calculated for both samples as
well as for other, well-known neogene ashes (table 2). Dif
fering data sets are indicated for sample A 1 by low simi
larity coefficient, high coefficient variation, and a mean
value greater one. The preliminary petrographic, trace-
element, and zircon-fission-track data do not allow a def
inite correlation of sample A 1 with known Neogene ash
deposits. The data suggest that correlation with mid-pleis
tocene ashes is unlikely. Whether this ash deposit could be
correlative with any of the four upper pliocene ashes (2-3
m.y.) of the upper San Pedro Valley and Sulfur Spring
Valleys in southeastern Arizona (Scarborough, 1974) re
mains unknown. Two of these ashes have been dated at
3.1 ± 0.7 m.y. by zircon-fission-track and 2.5 ± 0.4 m.y.
by K-Ar on glass shards (Johnson and others, 1975).
Petrographic and chemical data of these ashes are not
available. Fission-track ages of glass shards from Pliocene
ashes in fluvial basin fill of the San Simon Valley, Graham
County, Arizona, range from 2.19 ± 0.38 m.y. (sample
78W208) to 2.68 ± 0.96 m.y. (sample 78W209)
(Dickson and Izett, 1981). These ages were recalculated
for comparison with the decay constant for spontaneous
fission (f = 6.85 x 10'^Vyr) used in this paper. Fission-
track ages of glass shards generally yield minimum ages be
cause of track annealing (Naeser and others, 1980). The
zircon-fission track age from sample 78W211 gave 2.41
±  .30 m.y. Its major-element compositions closely re
sembles sample A 1 (tables 1 and 2) but correlation is at
this time unjustified, because petrographic and trace-ele
ment data are lacking.
The whole-rock analysis of the Grama Gully ash (sample

ST-05) proves it to be an unaltered rhyolite, chemically

table 1. Comparison of chemical
analysis of major Neosene ashes with samples A 1, A8-9, and ST-05.

Ash

sample
Central Mangas

Graben

A 1

OXIDES IN
WEIGHT PERCENT
Si O2

AI2 O3
Fe2 Oa + Feo
Mg O
Ca O

Na^ O
K2 o

Ti 02

P2 O®

Total

elements in PPM
Rb

Ba

La

Zr

So

Sr

Y

Pb

Sn

66.1
12.1

1.6

1.9

2.8

1.7

3.6

0.19

0.04
90.03

128
1086
30

186

4

114

19

26

<2

A 8-9

Grama
Ash

ST-05

43.9
5.0

0.9

0.2

39.7

1.2

2.5
0.11

0.21

93.72

43

264
16

146

22

45

6

2

34

Bishop

Tuff Ash

Pearlette Ash Family

type O type S type B

San Simon Valley

78W211 78W212

77.9 77.4 72.3 72.63 72.1 72.86 69.7 67.5
13.4 12.3 12.5 11.71 11.7 11.86 11.8 12.6
1.0 — 1.97 1.3 1.57 2.1 2.7
0.4 .01 .05 .17 .005 .06 0.14 1.02
0.6 .45 .45 .06 .55 1.0 2.1
3.4 3.9 2.0 2.6 3.14 4.0 3.6
5.1 4.8 5.44 6 5.34 3.1 2.5
0.11 .07 .06 .12 .12 .12 .21 .48
— .01 _ * .012 — .01 — —

101.8 (85.36) 94.05 93.89 95.51 92.05 92.50

183 190 150 230 240 87

109 <10 — — —

35 19 — 33.9

87 — — 346

<3 3.0 5 — — 4.8
57 — 135 <10 — —

22 25 35 _ — —

56
- 40 — — — — —

—
—• — _ —

NOTE: Chemical analysis of A 1 A 8-q ncTn
communication, 1979)- Bishon'anH P ' 1 by T. J. Bornhorst (written communication, 1 980); Bishop Tuff by W. Hildreth (written
{1972): 78 W 211 anrl 7ft w oio u ® ^ others (1-970); Pearlette type O and type 8 by Izett and othersciiiu /o w 212 by Dickson and Izett (1981).
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A

TABLE 2.

Variation analysis of the Grame Gully Ash (51-05) and ash sample A 1 from lacustrine sediments of the
central Mangas Graben with well-established Neogene ashes; Bishop ash (Izett and others, 1970);
Pearlette type O, type S and type B (Izett and others, 1 972); 78 W 211 and 78 W 212 (Dickson and Izett,
1981); Bishop tuff (w. Hildreth, written communication 1979). Statistical parameters were calculated
according to Borchardt and others (1972) and Sarna-Wojciki (1976).

X-Bar
% Coefficient

variation

Number of

elements

Coefficient

similarity

VARIATION ANALYSIS SAMPLE ST-05

Bishop Ash 1.77 31.5 12 .73

Bishop Tuff 1.16 27.9 10 .82

Pearlette "0" 1.26 41.82 8 .74

ST-05 1.00 0.00 13 1.00

VARIATION ANALYSIS SAMPLE A1

Bishop Ash 5.98 173.31 13 .50
Pearlette '8' 5.80 133.34 6 .42

Pearlette 'B' 1.41 86.69 8 .58

78 W 211 1.35 51.05 12 .68

78 W 212 .98 68.98 8 .67

A 1 1.00 0.00 13 1.00

closer to both Bishop volcanics than the Pearlette type 0
ash. A similarity coefficient near one (.73-.82), low coeffi
cient variation (31.5-27.9) and mean values close to one
-77-1.1 6) indicate that the ash from Grama Gully is

chemically similar to both the Bishop Ash and the Bishop
Tuff of Long Valley, California. It is closer to the Bishop
Tuff than to the Bishop Ash, probably because the analysis
of the Bishop Tuff was done on whole rock, as was the
ash from Grama Gully. The analyses from the Bishop Ash
and the Pearlette type O were performed on glass sep
arates. Because of the small volume and simple pheno-
crystic assemblage, the differences between the whole-
rock and glass-only analyses are expected to be small.
The two ashes from post-late Hemphillian lacustrine

deposits of the central Mangas graben yielded fission-track
ages of 2.01 ± .97 m.y. (sample A 8-9) and 2.1 3 ± .47
•Ti-y- (sample A 1). These ages are in agreement with field
relations and the suspected age for the sediments, as
deduced from faunal evidence. Ash sample A 1 can not be
correlated with Pearlette type B, type S, type O, or Bishop
ash on the basis of petrophysical, chemical composition,
trace element, fission-track data, or glass-shard morphology
(Barchardt and others, 1 972; Izett and others, 1 970). Fis
sion track data and major-element composition of sample
A 1 bears similarity to those described for ash samples
from the San Simon Valley (sample 78W211 and 78212;
Dickson and Izett, 1 981), but correlation is unjustified.
On the basis of fission-track age (.75 ± .20 m.y.),

chemical similarity, petrography, and ash-shard morphol
ogy, the ash from Grama Gully (ST-05) correlates with the
Bishop Ash of Long Valley, California. The ash was de
posited and preserved in an overbank depression genetical
ly and spatially related to the ancestral Rio Grande.
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SAMPLE DESCRIPTIONS

At least three laterally extensive beds of silvery gray to
grayish white, poorly to well consolidated ash are pre
served in the lacustrine deposits of the central Mangas
graben (Gila Group), where they preserve depositional
structures in great detail. Their basal layers are very pure
and contain virtually no admixed sand and silt. These layers
are graded and generally well consolidated. The upper parts
of the ash beds (samples A 1 and A 8-9) are less consoli
dated and have a powdery texture. These ashes are mainly
composed of hydrated glass shards and fewer than 1 %
crystal fragments of silt and fine sand size. The refrac
tion index of glass shards is between 1.485 and 1.505
(± .005). Shapes of glass shards are dominated by bubble
walls and bubble junctions (Heiken, 1972); pumiceous
shards also occur. Crystal fragments consist of quartz
sanidine, pink and transparent zircons, magnetite, biotite'
green-brown hornblende, augite and possibly sphene The
chalky-white Grama Ash (ST-01) is preserved in fine
grained sediments of the Camp Rice Formation. This sinole
.1 5-.35 m thick ash can be traced in outcrop for 2 5 km
The poorly consolidated ash is interbedded with mud
overlaying a .3-.6 m thick light green clay belonging to a
distinct subfacies paraconformable with the generally
basin floor fades of the Camp Rice Formation TheLh
virtually unaltered and lacks diagenesis. It consists of
hydrates glass shards and vase crystal clasts. The reLr
tion index of glass shards is 1.500 (± 0051 <?h
glass shards are dominated by pumice fragmentsTsBo/I
and bubble junctions (20-25%) with <65%)
bubble walls (10%) and cornplexTu^h^
Identified crystal fragments.

ySSal'W Tr S35,T,5S,R17w/'3to''5"?*108 38 W; el^evation ca 1 500 m; .8 km SSE of Gila^
ower part of S slope of mesa adjacent to Bear Creek'
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Cliff 15' quad. Grant Co., NM). Analytical data: (zir
con) fossil track density Ss = 0.652 [/], 2.5 tracks
counted; induced track density Si = 17.258 [/],
569.5 tracks counted; Ss/Si = 0.0378 [/]; Neutron
flux = 9.14 X 10^^ [n/cm^l; decay constant f = 6.85
X 10^' [yr-^.

(zircon)2.13 ± 0.47 m.y.

2. A 8-9 fission-track

Vitric ash {SE'A 821 ,T14S,R17W; 33°05'N,
108°35'W; elevation ca 1720 m; 3.5 km SE of 916
Ranch, 9.5 km N of Cliff; on the E slope of mesa imme
diately W of Wild Horse Mesa; Canteen Canyon IVi'
quad. Grant Co., NM). Analytical data: (zircon) fossil
track density Ss = .600 [/], 4.5 tracks counted; in
duced track density Si = 16.857 [/], 118 tracks
counted; Ss/Si = 0.0356 [/]; neutron flux = 9.14 x
10^"* [n/cm^]; decay constant f = 6.85 x 10^^ [yr"M.

(zircon)2.01 ± 0.97 m.y.

3. ST-05 fission-track
Vitric ash (NWy4 SI 4,T18S,R2W; 32°45'N,
107°01'W; elevation ca 1400 m; 12.5 km N of
Rincon, 20 km NE of Hatch; in a gully 60 m W of the
Grama siding of A.T. & S.F. railway; Rincon 7 Vi' quad,
Dona Ana Co., NM). Analytical data: (zircon) fossil
track density Ss = .6114 [/], 14 tracks counted; in
duced track density Si = 46.1572 [/], 1057 tracks

" 0-01 325 [/]; neutron flux = 9.14 x10 [n/cm2]; decay constant f = 6.85 x lO^Myr"').
(zircon)0.754 ± 0.20 m.y.
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