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The comments from McGrew and Snoke are
well received and their concerns for the interpre-
tations in our paper (Premo et al., 2008), which
questions the original contention that the Angel
Lake orthogneiss is an Archean rock, are many
and varied—all of which we will attempt to
address. As they point out, this issue is an impor-
tant one as this particular crustal exposure may
delimit the southwestern extent of the Archean
‘Wyoming province (Foster et al., 2006; Mueller
and Frost, 2006), which has implications for the
true crustal evolution of this region of the Great
Basin and perhaps more importantly its relation-
ship (if any) to the location of the world-class
gold deposits of north-central Nevada (e.g.,
Howard, 2003).

Before receiving this comment, we had
already embarked on collecting more age data
from sample RM-9, mostly of zircon cores, in
hopes of providing more information regard-
ing inherited zircon ages. We take this opportu-
nity to show these results. In addition, we have
received and processed several other samples
from McGrew and Snoke that will hopefully
help resolve not only this particularly important
issue, but provide age information on several
other rock samples from the Angel Lake and
Winchell Lake areas.

This discrepancy can be summed up with two
major points: (1) Our interpretations in Premo
et al. (2008) were based on the fact that sample
RM-9 had been described as a biotite monzo-
granitic orthogneiss (Lush et al., 1988; Wright
and Snoke, 1993). McGrew and Snoke’s new
sample description of RM-9 as a migmatitic
rock certainly requires a re-interpretation of
our data. (2) With the exception of numerous
Cretaceous ages from magmatic rims and one
Late Archean age from the center of one zir-
con, all other analyses from sample RM-9 are
discordant, and the majority of other analyses
contain significant amounts of common Pb that

require a correction to the data that can only be
approximately estimated. In essence, RM-9 is
not the sample we need to provide the important
answer to our question: Is there Archean crust in
the East Humboldt Range? Arguing about these
dubious results still will not provide the answer.

THE CHARACTER OF RM-9 AND
FIELD RELATIONSHIP(S)

McGrew and Snoke in their discussion point
out that we do not provide “any significant dis-
cussion of the field relationships of this rock
unit.” We admit that we have not mapped these
rocks and we therefore have relied heavily on
information and descriptions from the literature
by these authors and others (Lush et al., 1988;
McGrew, 1992; Wright and Snoke, 1993; Snoke
et al., 1997; McGrew et al., 2000). It was our
intention from the beginning of this study that
we would hopefully better resolve the Archean
age of this sample of orthogneiss.

McGrew and Snoke describe the “orthogneiss
of Angel Lake as a rather distinctive coarse-
grained, biotite monzogranitic orthogneiss with
a distinctive striped appearance due to altera-
tion of biotite-rich seams with more feldspathic
domains (see their fig. 1). Locally, it contains
distinctive large augen porphyroclasts, and
in general appearance it strikingly resembles
Archean augen orthogneissic rocks observed
throughout the Archean Wyoming province.”
They continue to point out that the original
collectors, Snoke and J.E. Wright, were “well
aware of the migmatitic character of the rock
(their fig. 1), sought to avoid obviously younger
leucogranitic dikes, veins, and seams, by pick-
ing through the rock fragments to sample those
domains they judged to be most representative
of the host gneiss. Despite the best efforts of
Snoke and Wright to avoid younger rock, the
ubiquitous character of leucogranite penetration

Geosphere; December 2010; v. 6; no. 6; p. 966-972; doi: 10.1130/GES00592.1; 4 figures; 1 table.

966

For permission to copy, contact editing @ geosociety.org
© 2010 Geological Society of America

throughout this terrain makes it unsurprising
that there would be a zircon fraction grown in
equilibrium with younger melt that Premo et al.
(2008) have now documented to be Late Creta-
ceous in age.”

Rechecking the literature for descriptions
of RM-9 and the Angel Lake orthogneiss, we
find that this sample and rock unit are nowhere
described as migmatitic in nature (Lush et al.,
1988; Snoke et al., 1997) until Sullivan and
Snoke (2007), who state that the orthogneissic
unit is in fact migmatitic. The fact that RM-9
is from a migmatitic rock certainly alters our
original interpretation. And we would agree
with McGrew and Snoke in that our results
could be interpreted as dating the Late Creta-
ceous leucosome portion of the migmatite. This
possibility would indicate that the host rock is
most likely not Cretaceous as well, although
we do note that additional Late Cretaceous age
data ranges between 72 and 98 Ma (weighted
mean age = 82 Ma), which does offer the possi-
bility of a slightly older Cretaceous component
(see below).

Zircons from sample RM-9 were provided to
us by those who had collected and presumably
mapped the area in detail. As stated in our paper,
our SHRIMP-RG results originally sought to
better resolve the Archean age of the ortho-
gneiss. In doing so, we found that the zircon
population contained up to 50% new growth of
Late Cretaceous age, much of which was mag-
matically-zoned and euhedral. Bearing in mind
the description of the sample and the collectors’
attempt to minimize the “melt” fraction, we
can only conclude that this particular sample is
close to being mostly Late Cretaceous material,
despite their attempts to minimize it. This obser-
vation begs the question: At what point does a
migmatized rock cease to be the age of the host
or melanosome portion and become the age of
the new material or leucosome? Or should it be
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both? Does 50% or more new material make it
a new rock with a subordinate portion of inher-
ited material? While we do not intend to enter
into the arguments of such a subject, we do
intend to raise the question and make the point
that the situation becomes a semantical one. In
other words, even if this rock had once been an
Archean rock, although we still have reserva-
tions based on the evidence shown below, we
can believe that it is now one of mostly new
material and could certainly be considered by
some to be Late Cretaceous in age.

AMPHIBOLITIC BODIES

McGrew and Snoke point out that one of their
“main reasons for inferring an older age for the
gneiss complex of Angel Lake is that both the
orthogneiss and paragneiss contain widespread
bodies of amphibolite that are absent from the
surrounding, inferred miogeoclinal metasedi-
mentary sequence.”

Bearing in mind their field observations con-
cerning these amphibolitic bodies, we would
agree that they indicate it is unlikely that the
Angel Lake metamorphic suite is any younger
than Cambrian. Because we have unpublished
detrital zircon data from several of the para-
gneiss units, we know that the amphibolite
bodies are younger than ~900 Ma and are
probably related to latest Neoproterozoic to
Cambrian mafic dike intrusions that are well
documented throughout western North Amer-
ica (e.g., Karlstrom and Humphreys, 1998;
Harlan et al., 2003). If this is indeed the case,
then the “orthogneiss” host rock must be older
than ~900 Ma. We don’t deny that the “ortho-
gneiss” unit may have been a unit within these
sedimentary sequences, which would explain
why it is not observed to intrude the surround-
ing metasedimentary sequences.

NEW DATA FROM RM-9:
“ORTHOGNEISS OF ANGEL LAKE”

New SHRIMP-RG data from zircon grains of
sample RM-9 are given in Table 1 and shown in
Figures 1-4. Analytical methods are the same as
those given in Premo et al. (2008). Data were
reduced using SQUID ver. 1.02 (Ludwig, 2002),
and age information was determined and plotted
using ISOPLOT/Ex ver. 3 (Ludwig, 2003).

In short, our additional data do not conclu-
sively illustrate the presence of Proterozoic zir-
con cores in the RM-9 zircon population, but
instead reinforce the prevalence of Archean or
near-Archean aged cores. However, a major
point to be made here is the fact that, with
the exception of one analysis at 2511 + 6 Ma
(a rounded grain) and of course the Late Cre-

taceous rims, there are absolutely no concor-
dant data from this sample (Fig. 1)—out of 111
analyses. Needless to say, this sample is not a
good one to use to evaluate this issue.

The complete data sets (original data from
Premo et al. [2008] combined with our new
data; Table 1) for RM-9 indicate: (1) U-rich,
low Th/U, outer portions of these zoned zircons
are Late Cretaceous in age, ranging from 72 to
98 Ma with a weighted mean age of 82.5 Ma
(Fig. 2); (2) a predominant Late Archean popu-
lation that ranges between ~2480 and 2580 Ma
for data that are 10% or less discordant, although
only one is actually concordant (Figs. 3 and 4);
and (3) a sub-population of intermediate ages,
ranging in *’Pb/**Pb age between ~1317 and
2380 Ma, although all of these are more than
10% discordant except one analysis that is 8%
discordant and has a *"Pb/**Pb age of 2190 Ma
(Table 1 and Fig. 3).

Much concern is made of the fact that the
vast majority of the older analyses (**Pb/>$U
ages > 125 Ma) contain substantial amounts
of common Pb (e.g., >*Pb > 1%; see Table 1).
Because substantial amounts of common Pb
require significant corrections in order to obtain
usable radiogenic U-Pb data, an accurate and
precise common Pb composition must be
known. In the case of RM-9, we don’t have an
accurate and precisely known composition for
the common Pb correction. To circumvent the
problem, if we eliminate all the analyses with
26Ph > 1%, we obtain a small cluster of analyses
with 2"Pb/?*Pb ages between roughly 2510 and
2580 Ma with an upper-intercept age of 2562 +
40 Ma (MSWD = 7.4; Fig. 4A) and a mean
27Pb/*Pb age of 2552 + 21 Ma (Fig. 4B) that is
slightly older than the age results with the high
common Pb analyses included (e.g., 2516 +
17 Ma; Premo et al., 2008).

DISCORDANCE OF APPARENT
PROTEROZOIC ZIRCONS

We agree with McGrew and Snoke that
the apparent presence of Proterozoic grains is
weak at best—a point that was well stated in
Premo et al. (2008). As pointed out by Premo
et al. (2008) and McGrew and Snoke, there
is a strong correlation between these Protero-
zoic 2’Pb/*®Pb ages and degree of discor-
dance (Fig. 3). Despite the fact that many of
these analyses may lie near the discordia for
the Archean component, many do not lie near
enough and in fact clearly define some other
U-Pb isotopic behavior (Fig. 3). However,
we do concede that these zircon populations
may have undergone more than one Pb-loss
event and that the Proterozoic *’Pb/**Pb ages
reflect that possibility. On the other hand, they
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may not. McGrew and Snoke do not recognize
the zircon groupings that Premo et al. (2008)
document. Although very discordant, many of
the analyses that exhibit intermediate ages not
only do not lie on the Archean discordia, but
are exclusively from metamict, rounded cores
within the Late Cretaceous magmatic grains.
We believe this is strong evidence that these
particular cores/grains were transported in
with the Late Cretaceous melt fraction and do
not have much if anything to do with the Late
Archean zircon population.

With these new realizations, we believe there
is no argument regarding the apparent correla-
tion with the discordant Proterozoic ages and
“prevalent” magmatic events within the Lauren-
tian southwest, although it is worth mentioning
that the “time window in the mid- to early Paleo-
proterozoic (~1.95-2.5 Ga)” is not “largely bar-
ren of zircon ages in the western U.S. Cordillera
(e.g., Stewart et al., 2001).” If a new compilation
of the detrital zircon populations from Paleo-
proterozoic through Neoproterozoic sediments
of southwestern North America were created, it
would easily show peaks, however small, within
this range (e.g., Gehrels, 2000).

However, it is also worth emphasizing that
McGrew and Snoke’s contention that “the com-
plete absence of a Grenville-aged peak seems
especially problematic for any likely Neo-
Proterozoic source rock, such as the McCoy
Creek Group” is not impossible. It simply
means that erosional processes were not active
on sources of that age at the time of deposition,
however unlikely that might seem.

MORPHOLOGY OF “ARCHEAN-AGED”
ZIRCON GRAINS

McGrew and Snoke note that “one of the
chief lines of evidence cited by Premo et al.
(2008) is the apparent detrital character of some
of the Archean zircon grains.” In response, it
has been interpreted that zircon can undergo
metamorphic restructuring and perhaps attain
a rounded morphology during metamorphic
processes (e.g., Hoskin and Schaltegger, 2003).
However, during those processes it is likely if
not unavoidable that they also undergo destruc-
turing in that their internal igneous-related
structures (e.g., oscillatory zoning) are typically
disrupted or even destroyed—a feature that is
not evident from the majority of rounded grains
in this sample. We need to point out that of the
100+ grains analyzed, ~26% are subrounded
to rounded, and whereas many have secondary
overgrowths of presumed Late Cretaceous age,
their internal structures are not typically dis-
turbed, let alone destroyed. In addition, we note
that the geochemistry of the Cretaceous and
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Figure 1. (A) Conventional concordia diagram showing distribu-
tion of SHRIMP-RG data (solid ellipses) from this study and Premo
et al. (2008) combined. (B) Conventional concordia diagram show-
ing only the least discordant (10% or less) analyses at the upper end

of the discordia shown in A.

Tertiary melts is peraluminous (McGrew et al.,
2000), a chemical affinity that does not sup-
port the resorption of inherited zircon (Watson,
1979; Watson and Harrison, 1982).

However, we would agree with McGrew and
Snoke that many of the Late Archean grains do
not appear to be detrital, although anyone who
has done this kind of work knows that the lack
of rounding can indicate: (1) the likelihood that
some detritus did not breakdown for a longer time
period, or (2) a local source that did not allow the
time or distance to produce rounded grains.
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" 13 Figure 2. (A) Tera-Wasserburg plot of SHRIMP-RG analyses from

oscillatory-zoned magmatic rims indicating a range of near-concor-
dant 2Pb/>8U ages between 98 and 72 Ma. High U concentrations

age is the true age.

We would also concede that our grain 9
(Premo et al., 2008), with one of the oldest
207Pb/2%Ph ages of 2543 Ma, could be a slightly
older detrital zircon incorporated with many
other slightly older Archean zircons, except that
grain 9 is not a core within a slightly younger
zircon growth, nor are many of the other grains.
Knowing that Wright and Snoke went through
great pains to segregate the ‘“orthogneissic”
component in this sample, we find it highly
unlikely that they would have included detrital
inclusions.

Geosphere, December 2010

(>3000 ppm) are likely to have disturbed the U-Pb systematics of
some grains, resulting in inconsistent U-Pb age results. (B) Distribu-
tion of 2Pb/>¥U ages for the data shown in A. A weighted mean age
can be calculated at 82.5 Ma, but we have little confidence that this

PROBLEMS WITH THE REE DATA

McGrew and Snoke note that if the Precam-
brian U-Pb ages are disturbed, then it should
follow that the REE systematics of the Archean
grains would also be disturbed. In fact, Premo
et al. (2008) do not argue that the U-Pb ages nor
the REE systematic of the Archean grains are
disturbed. We make the case that the lack of uni-
formity in both the age distribution and the REE
patterns from the near-Archean grains argues that
they are not genetically related and therefore are



REPLY: SHRIMP-RG U-Pb isotopic systematics of zircon from the Angel Lake orthogneiss
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Figure 3. Distribution of 2’Pb/?*Pb ages for analyses that are 10%
or less discordant. The bulk of these analyses range from ~2480-
2580 Ma, with the exception of two analyses shown in blue in the

upper diagram. These two have 2Pb/**Pb ages of ~2190 and

2618 Ma.

not likely from the same igneous source. Their
statement that this “likely (indicates that these
are) inherited Archean detrital grains,” is cor-
rect, in our opinion. However, if that is true, then
which grains indicate the actual crystallization
age of the original “Archean” monzogranite?

SO, WHAT’S IT ALL MEAN?
(1) McGrew and Snoke “conclude that none

of the lines of evidence advanced by Premo et al.
(2008) definitively indicates a Late Cretaceous age

Witd by data-pt errs only, 0 of 8 rej.
MSWD = 14, probability = 0.000

Figure 4. (A, B) Distribution of *’Pb/>**Ph ages for “older” analyses

with the lowest common Pb values (***Pb < 1%). (B) These analyses
range in age from ~2510-2580 Ma, with a mean *"Pb/*Pb age of
2552 + 21 Ma (MSWD = 14).

for the orthogneissic host rock of Angel Lake.”
‘We would agree with this statement under the reali-
zation that RM-9 was actually a migmatitic sample
that we feel is not adequately conveyed under the
description “biotite monzogranitic orthogneiss.”
They further maintain that “when interpreted
within the context of the field relationships, the
geochronological data favor the original Archean
interpretation for the age of the orthogneiss of
Angel Lake” With this statement, we cannot
agree. Particularly, as we are currently aware
that the enveloping paragneisses in the Winchell
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Lake nappe are actually Neoproterozoic (W.R.
Premo, 2009, personal observ.), the unit that
RM-9 came from could also be a metasedimen-
tary horizon within the sequence, though largely
fed from an Archean source as opposed to the
other horizons thus far measured. The fact that
a quarter of the zircon population are rounded
and not metamorphic (not recrystallized), exhibit
non-uniform REE patterns, and exhibit a range
of ages (~100 m.y.) from data that are 10% or
less discordant supports the idea that RM-9 is
from a metasedimentary horizon.

971



(2) We concede that the Late Cretaceous
component is likely the age of the melt fraction
within the migmatitic gneiss and that the highly
discordant Proterozoic ages are problematic and
may be meaningless. However, dating a sample
of the melt fraction or leucosome would cer-
tainly help to resolve this question.

(3) We conclude that RM-9 is a difficult sam-
ple from which to find much definitive informa-
tion. As the original title “Is this really Archean
crust?” of Premo et al. (2008) implies, this sam-
ple produced inconclusive yet highly suggestive
information. And we would agree with McGrew
and Snoke that better samples and additional
work are needed to resolve this issue. Thank-
fully, that process has already begun.

(4) A very important point is added at the
end of McGrew and Snoke’s comments: “The
orthogneiss is observed only from the core of
the Winchell Lake fold nappe. It is at least some-
what allochthonous and this interpretation does
not necessarily require the directly underlying
crust to be Archean in age.” With this realization
is the idea that despite our arguments regard-
ing RM-9, the answer to our original question,
“How far does the Archean crust extend into the
Great Basin?” remains elusive.
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