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of the unit early Cretaceous rather than the previously 
assigned early Triassic (Busby 1983). One possible 
explanation for the previous older ages (Busby 1983) 
is inclusion of much older inherited cores within the 
multigrain zircon dissolution analysis. As with any 
bulk analysis method, the existence of significantly 
older inherited cores (xenocrysts) within the sample 
would skew the resulting age data.  This is supported 
by the inherited core found within zircon 10JS03-5.1, 
which yielded a core age of 1.636 Ga ± 8.4 Ma. 

Previous studies of the Mineral King pendant suggest-
ed that the volcanic units of the roof pendant became 
older from east to west, and that the pendant records a 
continuous sequence of volcanic events that occurred 
over a time span ranging from the early Triassic to 
the early Jurassic (Busby-Spera, 1983; Busby-Spera, 
1986). Our new ages suggest that R0 on the western 
edge of the pendant is actually early Cretaceous in 
age, out of sequence with the proposed eastward-
younging pattern (Busby-Spera, 1983; Busby-Spera, 
1986). Additionally, R0 has experienced a much 
higher degree of alteration than other rhyolite units 
in the pendant. Combined with evidence of poten-
tial shearing, such as large, boudinaged quartz veins 
within the outcrop, and the unit’s location west of the 
known Farewell Fault, it is possible that R0 is a fault 
sliver which has experienced a significant amount of 
displacement along a shear zone, and is potentially 
not genetically related to the rest of the pendant. 

The trace element and isotopic composition of zircon 
can be used to examine the magmatic sources and 
processes involved with the generation of the Mineral 
King pendant rhyolite units. Our data suggests vary-
ing degrees of crustal interaction for R0 and R4 based 
on d18O values and zircon trace element composi-
tions with respect to sample age. Zircon from 10JS03 
(R0) have average d18O values of 6.78 ± 0.08‰ while 
zircon from 10JS04 (R4) have an average value of 
5.33‰. A typical mantle value is 5.3 ± 0.3‰ (Valley 
et al. 1998) while continental crust has higher d18O 
compositions (Faure, 1986) suggesting R4 has little 
crustal input in comparison to R0. Additionally, the 
significantly older 1.63 Ga ± 8.4 Ma inherited core 
found in R0 potentially represents the assimilation of 
sediment derived from the interior of North America 
into R0. Despite being the younger volcanic unit, R0 

Busby-Spera, 1986), provided bulk U-Pb zircon age 
analyses for the Mineral King rhyolites. The Village 
ash flow tuff (R0) and Vandever Mountain rhyolite 
(R1) yielded discordant ages, but these units were 
tentatively considered to be Early Triassic in age 
based on their location within the pendant (Busby-
Spera, 1983). Zircons from the Crystal Creek ash-
flow tuff (R3) produced concordant ages of 215 ± 2 
Ma while the Cliff Creek ash-flow tuff (R4) produced 
concordant ages of 189 ± 2 Ma. The Monarch rhyolite 
ash-flow tuff (R2) was interpreted to be Late Triassic 
(Busby-Spera, 1983). Additionally, a meta-dacite fault 
sliver along the Empire fault yielded a U-Pb zircon 
age of 240 ± 7 Ma (Busby-Spera, 1987). 

In this study, new in situ U-Pb single zircon age data 
are presented for the R0 and R4 rhyolite. Zircons from 
R4 produced a tightly clustered range of concordant 
ages between 191.2 ± 1.9 Ma to 198.7 ± 2.1 Ma, and 
a median U-Pb age of 195.7 ± 1.6 Ma, which is close 
to Busby’s (1983) value for the same unit (~189 Ma). 
Individual zircons from R0, however, produced a 
range of ages slightly discordant ages between 112.5 
± 2.0 and 140.7 ± 0.8 Ma, and a median 206Pb/238U age 
of 135.6 ± 1.4 Ma (MSWD=1.6), making the new age 

Table 1: Selected isotopic composition and elemental 
composition of zircon from 10JS03 and 10JS04. Total 
concentrations of U and Th in ppm, 206Pb/238U, 207Pb/206Pb, 
and calculated model age for each individual SHRIMP-
RG spot analysis for zircons from 10JS03 (R0) and 10JS04 
(R4). * denotes the sample was flagged for high 204Pb and 
excluded from final age calculation.

Analysis U 
(ppm) 

Th 
(ppm) 

206Pb/238U Error 
(%) 

207Pb/206Pb Error 
(%) 

Model 
age 
(Ma) 

+/- 
error 
(Ma) 

10JS03-6.1 690 339 0.022 0.6 .1970 5.6 112.5 2.0 
10JS03-8.1 368 146 0.019 0.8 .0519 3.1 119.3 1.0 
10JS03-1.2 377 214 0.020 0.9 .0514 3.0 128.9 1.2 
10JS03-2.1 594 143 0.020 0.7 .0496 2.5 129.5 0.9 
10JS03-7.1 443 116 0.021 0.7 .0500 2.3 133.9 0.9 
10JS03-4.1 601 98 0.021 0.6 .0500 2.0 135.0 0.8 
10JS03-2.2 788 120 0.021 0.6 .0498 2.2 136.0 0.9 
10JS03-1.1 861 147 0.021 0.6 .0493 1.8 136.4 0.8 
10JS03-3.2 343 142 0.021 0.8 .0497 2.8 136.8 1.1 
10JS03-3.1 2989 1018 0.022 0.3 .0502 0.8 138.8 0.4 
10JS03-3.3 709 183 0.022 0.6 .0474 2.0 140.7 0.8 
10JS03-5.1 217 317 0.292 0.5 .1093 0.6 1636.3 8.4 
10JS04-10.1 197 97 0.030 1.0 .0538 3.2 191.2 1.9 
10JS04-4.2 162 67 0.031 1.0 .0536 3.2 192.8 2.0 
10JS04-4.1 136 66 0.031 1.1 .0542 4.6 194.6 2.2 
10JS04-8.1 195 85 0.031 1.0 .0504 3.2 195.2 1.9 
10JS04-3.1 151 80 0.031 1.0 .0511 3.4 195.2 2.0 
10JS04-2.2 171 73 0.031 1.0 .0498 3.2 195.5 1.9 
10JS04-7.1 149 64 0.031 1.0 .0520 3.3 196.0 2.0 
10JS04-3.2 153 66 0.031 1.0 .0513 3.3 196.7 2.0 
10JS04-6.1 190 81 0.031 0,9 .0500 3.1 197.0 1.8 
10JS04-9.1 193 87 0.031 1.0 .0485 3.4 197.5 2.0 
10JS04-5.1 192 86 0.031 0.9 .0484 3.1 198.2 1.9 
10JS04-1.1 148 56 0.031 1.0 .0510 3.4 198.7 2.1 
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exhibits a much wider range of trace element com-
positions (Fig. 4), suggesting a more diverse popula-
tion of zircons than in R4. When combined with the 
observation that R4 zircon ages are much more tightly 
clustered than R0 zircon (Fig. 4), this suggests that the 
R4 rhyolite may represent the generation of rhyolite 
without significant influence of previously-existing 
continental crust, while R0 may record more signifi-
cant crystal recycling from the maturing arc continen-
tal crust. This is similar, albeit at a longer timescale, 
as to what is observed at other long-lived arc-related 
magmatic systems (Walker et al, 2010). Alternatively, 
the differences in trace element values may suggest 
that R0 underwent a longer period of crystallization 
within the crust, and experienced a greater amount of 
fractionation than R4 (Claiborne, et al. 2010). 

Generally, the Th/U values tend to trend inversely to 
concentrations of Hf, such that samples with lower 
Th/U ratios have higher Hf concentrations, and vice 
versa. Using Hf values as a relative proxy for tem-
perature, this indicates that zircons with lower Th/U 
ratios record higher temperatures, while zircons with 
higher Th/U ratios record lower temperatures. (Clai-
borne, et al. 2010). Additionally, the magnitude of the 
Eu anomaly (Fig. 4) increases with increasing plagio-
clase fractionation as plagioclase feldspar preferen-
tially takes in Eu from the magma while crystallizing. 
Therefore, a lower Eu/Eu* value indicates higher 
degrees of fractionation. Analyzed zircons from both 
samples have low Eu anomalies (< 0.30). Values 
this low suggest that either a considerable amount 
of feldspars crystallized and were removed from the 
parent magma before zircons began crystallizing, 
or that the parent magma came from a feldspar rich 
source, which already had a significant Eu anomaly 
(Claiborne, et al. 2010). However, sample R0 exhibits 
lower Eu/Eu* values than R4, potentially implying 
the magmatic source for the younger R0 was actually 
more fractionated than that of R4. This further dem-
onstrates the unlikelihood of a genetic relationship 
between R0 and R4. 

CONCLUSIONS
The determination of new, more accurate ages for 
the rhyolite units of the Mineral King pendant have 
demonstrated the potential for a more complicated 
volcanic history than previously thought. These new 

ages modify the age of R0 to ~136 Ma, making it sig-
nificantly younger than the ~196 Ma R4.  Additionally, 
differences in alteration and the presence of shearing 
structures within unit R0 further suggest that the pen-
dant is not a continuous sequence of erupted material, 
but rather a potential amalgamation of several fault 
slivers of varying age and origin. Combined with geo-
chemical data suggesting that R0 has potentially more 
crustal input, a more diverse population of zircons, 
and is less fractionated than R4, it is unlikely that R0 
and R4 were produced in the same magmatic condi-
tions. Zircon trace element and isotopic compositions 
suggest that R0 had more interaction with previously-
existing continental crust (both igneous material and 
sediment). This change is likely related to the devel-
opment of the western North American margin as arc 

Figure 4: A. Hafnium concentration versus Th/U in zircons 
B. Hafnium concentration versus Eu/Eu* (Eu anomaly) in 
zircons. Both diagrams show analyses from from 10JS03 
(R0) and 10JS04 (R4). Note in both diagrams the contrast 
between the tightly clustered 10JS04 (R4) values and the 
more dispersed 10JS03 (R0) values.



volcanism progressed from the Triassic to Jurassic 
prior to the main pulse of plutonism related to the 
Sierra Nevada.
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