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INTRODUCTION

Fission-track thermochronologic data have the potential to reveal aspects of the timing, rate, and
style of crustal extension tectonics. Previous fission-track studies in the footwalls of detachment
faults in the Basin and Range Province of western North America have found monotonic decreases in
apparent fission-track age in the slip direction of the faults (e.g., Fitzgerald and others, 1991; Foster
and others, in press). This pattern has been interpreted as recording the time at which progressively
deeper parts of the footwalls to the detachments have moved through the annealing zone for fission-
tracks in apatite.

In this study we analyzed fission-tracks in apatite and zircon from samples of Proterozoic
crystalline rock from a south to north transect across the northern Plomosa Mountains, Arizona
(Figure 1). The transect runs from about 100 meters structurally below the Tertiary unconformity
(DF90-226) north to the deepest exposed structural levels in the range (DF90-220) beneath the
Tertiary Plomosa detachment fault (Scarborough and Meader, 1981). In addition, one sample

(DF90-221) is from a detached block of basement in the hanging wall of the Plomosa fault in the




northern-most part of the range. The fission-track data from these samples constrain the low
temperature (<250°C) thermal history of the northern Plomosa Mountains and have implications for
the timing and rate of displacement on the Plomosa detachment. The data also have implications for
nature of extension in this range which occupied a position near the breakaway region for

detachments in the Whipple tilt domain (Spencer and Reynolds, 1991).

METHODS

Fission-track analysis of samples of crystalline rocks from the northern Plomosa Mountains was
undertaken at La Trobe University. Apatites were separated from crushed samples using
conventional magnetic and heavy liquid techniques. Apatite grains were mounted in epoxy resin on
glass slides, ground and polished to reveal an internal surface and then etched in SN HNO3 for 20
seconds at room temperature (22°C) to reveal fossil fission-tracks. Zircon grains were mounted in
FEP teflon discs, ground and polished, and their internal surfaces were etched in eutectic KOH-
NaOH melt at 230°C for times ranging from 26 to 34 hours. Samples were irradiated in the
Australian HIFAR Reactor. Thermal neutron fluences were monitored in muscovite detectors
adjacent to discs of NBS glass SRM612 for the apatites and Corning glass U3 for the zircons. Ages
were determined using the external detector method with muscovite as the external detector. The mica
detectors were etched in 40% HF for 20 minutes at room temperatures to reveal the induced tracks.
Apatite and zircon sample mounts were counted at magnifications of 1250x and 1600x, respectively
under dry objectives, and only those grain surfaces oriented parallel to the c-axis were counted. Ages
were calculated using the zeta calibration method (Hurford and Green, 1983), and errors calculated
by the conventional method (Green, 1981). Lengths of horizontal confined fission-tracks were
measured in apatite grains oriented approximately parallel to the c-axis using a projection tube and
digitizing tablet.

The temperature interval below which fission-track in apatite are effectively stable on geologic time
scales is relatively well known from laboratory and natural annealing studies. Above about 120°C
fission-tracks in apatite fade almost instantaneously on a geologic time scale and below about 60°C

they are effectively stable (Naeser, 1981; Green and others, 1989). The effective closure temperature




for fission-tracks in zircon is less well understood but is around 200° + 50°C (Harrison and others,

1979; Hurford, 1986).

RESULTS AND INTERPRETATION

Zircon and apatite fission-track results for eight samples from the northern Plomosa Mountains are
given in Table 1 and sample location data is provided in Figure 1. As mentioned above, seven of the
samples are from a north-south transect across the footwall of the Plomosa detachment fault; these are
samples DF90- 220, -222, -223, -224, -225, -226, and -227 (Figure 1). Sample DF90-221 is from a
hanging wall block at the northern end of the range. This hanging wall block is thought to have been
displaced some 13 kilometers to the northeast, relative to footwall rocks, by the Plomosa fault
(Spencer and Reynolds, 1991). A plot of the apparent zircon and apatite fission-track ages with
distance along a projection in the slip direction (N45°E, Spencer and Reynolds, 1991) of the Plomosa
fault is given in Figure 2. For the samples collected from the footwall block the distance along the
profile to the northeast is also the direction of increasing paleodepth prior to faulting. " Sample DF90-
226 was collected about 100 meters below the Tertiary unconformity while DF90-220 was collected
from a paleodepth of >10 kilometers, assuming that the Plomosa Mountains footwall is an unbroken
block uniformly tilted to the southwest about 45° (Scarborough and Meader, 1989; Spencer and
Reynolds, 1991).

The four zircon fission-track ages from the footwall samples range from 23 +2 Mato 17 £3 Ma
" (Table 1) and show a general decrease in age from south to north (Figures 1, 2). The zircon fission-
track age of the sample from the hanging wall block is 55 =+ 5 Ma. The apatite fission-track ages for
all of the samples, including the hanging wall block, range from 23 £+ 3 Ma to 14 £ 1 Ma, and like the
zircon results, exhibit a decrease in age from south to north (Figure 2). Mean lengths of confined
fission-tracks for five of the apatite samples range from 13.3 £ 0.5 pm to 14.1 £ 0.2 pm. However,
in only two of the samples (DF90-224 and -225) were enough tracks observed and measured for the
mean length to be statistically valid. These two samples both gave mean track lengths of ~14 pm and

narrow standard deviations of 1.4 um and 1.5 pm. The relatively small number of confined tracks in




these samples is because of their geologically young fission-track age, and thus low fossil track
density.

All of the fission-track apparent ages from the northern Plomosa Mountains, except for the zircon
age of sample DF90-221, are younger than the initiation of extension in this area (~24 Ma: e.g.,
Spencer and Reynolds, 1991) and appear to record cooling related to extensional faulting and
denudation. For each sample where they were both obtained, zircon and apatite fission-track ages are
concordant for the footwall samples. For two of the four samples with both apatite and zircon ages
the zircon apparent age exceeds the apatite age and for the other two samples the apatite apparent age
exceeds the zircon age. The reversal in fission-track age for the later two samples is probably due to
scatter in the data, because the ages overlap within 1 ¢ error.

In summary, the zircon and apatite apparent ages from the same samples are concordant and
indicate very rapid cooling of each sample location along the exposed footwall through the annealing
temperature intervals for zircon (<200°C) and apatite (<120°C). The zircon and apatite fission-track
ages from the southern part of the transect, in the area of samples DF90-226 and -227, are also
concordant with the minimum 40Ar/39Ar ages of two potassium feldspars (Knapp and Heizler,
1990). Knapp and Heizler (1990) calculated closure temperatures of 210°-290°C for these feldspars
dates. The exact cooling rates for the individual samples cannot be calculated because of the rather
large errors on the fission-track ages for each mineral, but they were probably ~25 - 100°C/m.y.
Rapid cooling is also indicated by the long mean track lengths (~14 pum) of the samples (Gleadow and
others, 1986).

We interpret the decrease in apparent fission-track age for the footwall samples shown in Figure 2
to be due to the progressive northward unroofing of crystallize rocks along the Plomosa detachment
fault. Similar age trends of thermochronologic data in the slip directions of detachment faults are well
established in the metamorphic core complexes of the Whipple tilt domain (Foster and others, 1990;
Richard and others, 1990; Bryant and others, 1991; Foster and others, in press). The older zircon
fission-track age of sample DF90-221 supports the interpretation that this sample is from the hanging
wall because it must have been at significantly cooler temperatures (<200°C) than the samples from

the footwall before the mid-Tertiary.




Most extension in the area around the northern Plomosa Mountains appears to have ended by ~18-
19 Ma (Spencer and Reynolds, 1991). All of the zircon fission-track ages are consistent with rapid
cooling due to tectonic denudation ending at about this time. However, the two apatite fission-track
ages of 14 and 15 Ma from the northern part of the range are younger than the time at which major
faulting is thought to have ended. This suggests that the northern-most part of the Plomosa
Mountains (both the footwall and hanging wall blocks) remained at about 2-3 km depth, perhaps
buried beneath Tertiary strata, until after detachment faulting ended and until ~15 Ma.

One of the aims of this research was to further constrain the amount of tilting that the northern
Plomosa Mountains underwent during extension and to estimate the syn-extensional geothermal
gradient. The present data do not constrain either of these because all of the apparent ages from the
footwall are younger than the time of initial movement on the Plomosa fault. We are presently
undertaking an 40Ar/3%Ar study of potassium feldspars from these samples to obtain the needed

information about the relative temperatures of each of the footwall samples before faulting.

ACKNOWLEDGMENTS

This research was supported by the Australian Research Council, the Australian Institute of

Nuclear Science and Engineering, and La Trobe University.




REFERENCES

Bryant, B., C.W. Naeser, and J.E. Fryxell, Implications of low-temperature cooling on a transect
across the Colorado Plateau - Basin and Range boundary, J. Geophys. Res., 96, 12,375-12,388,
1991.

Fitzgerald, P.G., J.E. Fryxell, and B.P. Wernicke, Miocene crustal extension and uplift in
southeastern Nevada: Constraints from fission track analysis, Geology, 19, 1013-1016,.1991.
Foster, D.A., T.M. Harrison, C.F. Miller, and K.A. Howard, The 40Ar/39Ar thermochronology of
the eastern Mojave Desert, California, and adjacent western Arizona with implications for the

evolution of metamorphic core complexes, J. Geophys. Res., 95, 20,005-20,024, 1990.

Foster, D.A., A.J.W. Gleadow, S.J. Reynolds, and P.G. Fitzgerald, The denudation of
metamorphic core complexes and the reconstruction of the Transition Zone, west-central Arizona:
constraints from apatite fission-track thermochronology, J. Geophys. Res., in press.

Gleadow, A.J.W., LR. Duddy, P.F. Green, and J.F. Lovering, Confined fission track lengths in
apatite: a diagnostic tool for thermal history analysis, Contrib. Mineral. Petrol.; 94, 405-415,
1986. 7

Green, P.G., A new look at statistics in fission track dating, Nucl. Tracks, 5, 77-86, 1981.

Green, P.F., LR. Duddy, A.J.W. Gleadow, and J.F. Lovering, Apatite fission-track analysis as a
paleotemperature indicator for hydrocarbon exploration, in Thermal History of Sedimentary
Basins: Methods and Case Histories, edited by N.D. Naeser and T.H. McCulloh, pp. 181-195,
Springer-Verlag, New York, 1989.

Harrison, T.M., R.L.. Armstrong, C.W. Naeser, and J.E. Harakal, Geochronology and thermal
history of the Coast Range Complex near Prince Rupert, British Columbia, Can. J. Earth Sci., 16,
400-410, 1979.

Hurford, A.J., Cooling and uplift pattern in the Lepontine Alps, south-central Switzerland and an age
of vertical movement on the Insubric fault line, Contrib. Mineral. Petrol., 92, 413-427, 1986.

Hurford, A.J., and P.F. Green, The zeta calibration of fission-track dating, Isotope Geosci., 1, 285-

317, 1983.




Knapp, J.H., and M.T. Heizler, Thermal history of crystalline nappes of the Maria fold and thrust
belt, west central Arizona, J. Geophys. Res., 95, 20,049-20,073, 1990.

Naeser, C.W., The fading of fission tracks in the geologic environment - Data from deep drill holes,
Nucl. Tracks, 5, 248-250, 1981.

Richard, S.M., J.E. Fryxell, and, J.F.Sutter, Tertiary structure and thermal history of the
Harquahala and Buckskin Mountains, west-central Arizona; implications for denudation by a
major detachment fault, J. Geophys. Res., 95, 19,973-19,987, 1990.

Scarborough, R., and N. Meader, Geologic map of the northern Plomosa Mountains, Yuma County,
Arizona, scale 1:24,000, Contrib. Map CM-89-D, Ariz. Geol. Surv., Tucson, 1981.

Spencer, J.E., and S.J. Reynolds, Tectonics of mid-Tertiary extension along a transect through west-

central Arizona, Tectonics, 10, 1204-1221, 1991.




Table 1. Fission-track results - northern Plomosa Mountains, Arizona.

o0

Sample  Number Track Density (x106cm'2) X2 Age* Uranium Mean Standard
number of Standard Fossil Induced Track  Deviation
grains Length

(%) (Ma) (ppm) (nm) (nm)

apatite

H
w

DF90-220 17 1202 0067 1051 9% 15 106 13.6+05 1.8
(985)  (26)  (410) (14)

DF90-221 10 1.307 0.535 9.040 7 141 906
(2985) (107) (1808)
DF90-222 20 1.313 0.091 1.356 >99 16 £ 2 135

(2985) 46) (683)

DF90-223 19 1.317 0.060  0.729 29 19 7.2 139+ 0.1 0.2

+
w

(2985) (53) (644) 2]
DF90-224 20 1.327 0.181 2.378 68 18 + 2 23.5 140+ 0.2 1.5
(2985) 98) (1294) (52)
DF90-225 15 1.333 0.150 1.567 49 23 £ 3 154 141+ 02 14
(2985) (73) (761) 45)
DF90-226 18 1.347 0.260 2.797 46 22 £ 2 25.5 13.3+ 0.5 2.3
(2985) (135) (1453) 22)
DF90-227 20 1.353 0.025 3.434 >99 17 £ 3 3.1
(2985) @n (373)
zircon
DF90-220 9 0.827 1.699 3.139 <1 18 + 2 1974
2392y (432) (798)
DF90-221 6 0.813 7.406 4,424 26 55+ 5 2830
(2392) (385) (230)
DF90-223 6 0.870 2.142 4,493 44 17 £ 2 268.5
(2392)  (225) (472)
DF90-225 6 0912 4,051 8.063 <1 20 £ 3 4597
(2392)  (613)  (1220)
DF90-227 8 0.917 3.457 5.680 87 23 £ 2 3222

(2392) 227) (373)

Brackets show number of tracks counted. Standard and induced track densities measured on mica
external detectors and fossil track densities on internal mineral surfaces. Apatite ages calculated
using a Zeta of 353 for dosimeter glass SRM612 and zircon ages using a Zeta of 81 for glass U3
(Hurford and Green, 1983).

* Mean age, used where pooled data fail xz test at 5%.




FIGURE CAPTIONS

1. Geologic map of the northern Plomosa Mountains (Stone, 1990) with sample locations for fission
track analyses.

2. Plot of the relationship between apatite and zircon fission-track age (4 10¢) and distance in the slip
direction (N45 °E) of the Plomosa fault for samples from the northern Plomosa Mountains. The solid line
divides samples collected from the footwall to the Plomosa fault from samples collected from the hanging

wall to the fault.

Stone, Paul, 1990, Preliminary geologic map of the Blythe 30’ by 60’ quadrangle, California and
Arizona: U.S. Geological Survey Open-File Report 90-497, scale 1:100,000.
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