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SHORT RESEARCH

INTRODUCTION

Precambrian rocks from limited exposures in northeastern Utah pro-
vide important constraints on the accretionary history of southwestern 
Laurentia because they lie near a “triple junction” of crustal convergence 
between the Wyoming, Mojave, and Yavapai-Colorado provinces (the 
Yavapai and Colorado provinces are considered a single entity in this 
discussion [e.g., Whitmeyer and Karlstrom, 2007]). This area is also 
along strike of the Cheyenne belt, which marks the boundary between 
the Proterozoic Colorado-Yavapai province and the Archean crust of the 
Wyoming craton in eastern Wyoming (Fig. 1; e.g., Hills and Houston, 
1979; Karlstrom and Houston, 1984; Duebendorfer and Houston, 1987; 
Nelson et al., 2002; Jones et al., 2010). Although the signifi cance of the 
rocks in northeastern Utah has been recognized for decades, previous 
attempts to accurately determine their ages and metamorphic history 
have produced confl icting results and their origin has remained enig-
matic (Sears et al., 1982; Hedge et al., 1983; Barnett et al., 1993; Nelson 
et al., 2002, 2011). In this study, we report ~200 U-Pb analyses obtained 
using the SHRIMP-RG (Sensitive high-resolution ion microprobe–
reverse geometry) of magmatic, metamorphic, and detrital zircons from 
two Precambrian basement localities in northeastern Utah (Fig. 1): the 
Wasatch Range (Farmington Canyon and Little Willow complexes) and 
the eastern Uinta uplift (Owiyukuts complex and Red Creek quartzite); 
and discuss their signifi cance for the accretion of Proterozoic terranes to 
southwestern Laurentia.

GEOLOGIC RELATIONS

Farmington Canyon Complex

Bryant (1988) and Yonkee et al. (2000) described the complex as pri-
marily an association of metasupracrustal rocks (schists, gneisses, and 
quartzites), migmatites grading to quartz monzonite gneiss, and discon-
tinuous mafi c bodies and pegmatites metamorphosed to upper amphibo-
lite-granulite facies. Contacts are transposed and compositional layering 
is pervasive, but discontinuous in exposure; sedimentary structures are 
not preserved. Bryant interpreted the protoliths of the Farmington com-
plex rocks as part of an Archean passive-margin sequence based largely 
on the lithologies present, the results of elemental analyses he reported, 
and a range of Archean 207Pb/206Pb ages from detrital zircons and Sm-Nd 
depleted mantle model ages >2.5 Ga presented in Hedge et al. (1983). Pro-
posed protoliths include arkose; sandstone, including greywacke; shale; 
and metavolcanic rocks. In contrast, Shervais (2006) highlighted the 
range of mafi c (and ultramafi c) rock compositions and reinterpreted these 
rocks as part of an Archean accretionary mélange; however, Mueller et al. 
(2004) and Nelson et al. (2011) suggested that the Farmington sequence 
was Paleoproterozoic (ca. 1.7 Ga). Nelson et al. (2009) summarized the 
thermal history of these rocks and concluded that peak metamorphic con-
ditions were reached sometime before 1.7 Ga (e.g., Barnett et al., 1993). 
Samples reported here were collected from the quartzite-gneiss-schist and 
migmatite map–units of Bryant (1988).
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Mountains (Owiyukuts and Red Creek complexes) indicate: (1) U-Pb ages of 2.446 ± 0.011 Ga for igneous zircons from a meta-igneous rock 
and 2.42 Ga for the youngest detrital zircon from a metasedimentary rock constrain the age of the Farmington Canyon complex and repre-
sent a heretofore unreported Paleoproterozoic event in southwestern North America; (2) Most lithologies in all areas are metasupracrustal 
and U-Pb ages of most detrital zircons and whole-rock Sm-Nd data clearly indicate a primarily Archean provenance for the metasedimentary 
rocks; and (3) Metamorphism, including partial melting, occurred at 1.674 ± 0.012 Ga (2σ) based on U-Pb ages of 36 of 38 zircons (over-
growths and whole grains with Th/U <0.1) from metamorphic rocks, including leucosomes, from both the Wasatch and Uinta Mountains. 
These observations combined with previous work suggest a geologic history that begins with development of a Paleoproterozoic passive 
or rifted margin along the southwestern edge of the Wyoming craton and terminates with Paleoproterozoic accretion of Mojavia (±Yavapai-
Colorado) to the Wyoming Province. Crystallization and model ages of the Farmington sequence suggest a possible genetic link between 
Mojavia, the Farmington zone, and the Wyoming Province, which would provide new constraints on proposed Neoproterozoic conjugates 
and the role of the Cheyenne belt in the accretionary tectonics of southwestern Laurentia.
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Little Willow Complex

A sample of quartzite was collected from an assemblage of meta-
psammitic gneisses, schists, quartzites, and mafi c amphibolites metamor-
phosed in the amphibolite facies. The rocks are exposed over a small area 
along the Wasatch front south of the Farmington Canyon complex and are 
informally referred to as the Little Willow complex (Fig. 1; Bryant, 1988; 
Nelson, 2002; Spencer et al., 2009).

Red Creek Quartzite and Owiyukuts Complex

Precambrian crystalline rocks exposed in the eastern Uinta uplift (e.g., 
Condie et al., 2001; Mueller et al., 2007; Dehler et al., 2010) were sepa-
rated into two distinct lithologic associations by Sears et al. (1982): (1) 
Red Creek quartzite and (2) Owiyukuts complex. The Red Creek quartz-
ite is a complex of primarily quartzite intercalated with lesser amounts 
of amphibolite and schist; metamorphism is in the amphibolite facies. 
The Red Creek rocks are in thrust contact with the underlying Owiyu-
kuts complex and are unconformably overlain by the Neoproterozoic 
Uinta Mountain Group. The Owiyukuts complex consists of quartzofeld-
spathic gneisses and migmatites with locally developed leucosomes that 
were tentatively assigned an Archean age (Sears et al., 1982). The Red 
Creek complex was considered Proterozoic. Samples were collected from 
quartzofeldspathic gneisses and leucosomes (Owiyukuts complex) and 
meta-psammitic rocks of the Red Creek complex.

METHODS AND RESULTS

U-Pb analyses of all zircons were done by ion microprobe and guided 
by cathodoluminescense (CL) images (Fig. S1); details are available in 
the GSA Data Repository along with Sm-Nd data (ID-TIMS) and major 
element abundances (XRF) in Table S21. All U-Pb ages discussed in the 
text are derived from 207Pb/206Pb ratios and reported at the 95% confi dence 
level and all Th/U ratios are weight ratios from Table S1 (see footnote 1). 
Irrespective of location, most of the 197 analyses (Table S1 [see foot-
note 1]) can be readily assigned to one of two groups: (1) The majority of 
analyses (135) have Th/U >0.1, and have the highest probability of being 
magmatic and yielding primary age information regarding emplacement 
or provenance and, (2) Sixty-two zircons have Th/U <0.1, which typically 
refl ects formation in oxidizing, hydrothermal conditions under which U 
is preferentially mobilized compared to Th, and such grains are typically 
interpreted as metamorphic (Rubatto, 2002). Despite the fact that many of 
these rocks have reached transitional amphibolite-granulite conditions, a 
majority of analyses (130, 66%) are 10% or less discordant. Of these 130 
analyses, 38 have Th/U <0.1 and occur in both the Uinta (Owiyukuts) 
and Wasatch (Farmington) locations. Collectively, these data allow us to 
address two separate aspects of the evolution of these Precambrian rocks: 
(1) Primary ages (Th/U >0.1) help constrain the ages of crystallization of 
meta-igneous rocks, the provenance of the sedimentary protoliths, and to a 
lesser extent constrain the time of deposition of the sedimentary protoliths, 
and (2) Secondary or metamorphic ages (Th/U <0.1) record the time at 
which new zircon grew and likely mark the time of a thermal maximum, 
particularly in the migmatites. It is clear, however, that many samples with 
Th/U >0.1 have systematically degraded ages proportional to their Th/U 
ratio (Fig. 2A). Cathodoluminescence images (Fig. S1 [see footnote 1]) 

clearly show a range of textures and intergrowths of high-U (dark) and 
lower-U (light) zircon. The invasive nature of the high-U material seen 
in the CL images appears to have occurred at a range of scales, not all of 
which appear visible in these images or were separable with the ~35-µm 
beam of the ion probe. The effects of this invasive growth of hydrothermal 
zircon are evident in the declines in age with decreasing Th/U ratio in 
many data sets (Table S1 [see footnote 1]; Fig. 2A). For this reason, com-
monly utilized concordia (e.g., Figs. S2, S3 [see footnote 1]) and probabil-
ity density diagrams (Fig. 3) do not provide the most useful insights into 
the U-Pb systematics of these zircons and any regression age is likely to 
be negatively affected by this phenomenon. Consequently, age-Th/U plots 
provide a better opportunity to assess these data (e.g., Fig. 2).

DISCUSSION

Depositional and Emplacement Ages

A Paleoproterozoic depositional age for the Farmington sequence 
is suggested by the 2.446 ± 0.011 Ga age calculated for all high-Th/U 
grains that are less than 10% discordant from sample FCC-10 (Table S1; 
Figs. S2, S4 [see footnote 1]; Fig. 2B). This sample is from a layer of 
quartzofeldspathic gneiss in the quartzite-schist-gneiss map-unit of Bry-
ant (1988). This sample is mineralogically (quartz-biotite-feldspar-garnet) 
and compositionally (SiO

2
 of ~74%; Table S2 [see footnote 1]) similar to 

many examples reported by Bryant (1988) for the gneisses in this map 
unit. Layering is transposed in this unit and no sedimentary structures are 
preserved. An igneous protolith, as opposed to a sedimentary protolith, is 

1GSA Data Repository Item 2011350, chemical and isotopic data (and plots), im-
ages of selected zircons analyzed, and an expanded methods section, is available 
at www.geosociety.org/pubs/ft2011.htm, or on request from editing@geosociety
.org, Documents Secretary, GSA, P.O. Box 9140, Boulder, CO 80301-9140, USA.
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(A) showing correlation between Th/U and age and for quartzofeldspathic 

gneiss sample FCC-10 (B) showing no correlation between Th/U and age. 

Although the oldest ages are essentially identical in the two samples, 

data from FCC-10 provide the best estimate of the crystallization age of 

the protolith (Fig. S2 [see footnote 1]).
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suggested because: (1) The ten oldest zircons give a precise age; (2) There 
is no correlation of Th/U and age to suggest that the ages of the oldest 
grains have been degraded by metamorphism; (3) Zircon morphologies 
and zoning in analyzed grains appear igneous; (4) Lack of evidence of 
sedimentary input, e.g., no Archean zircons and low TiO

2
 content (0.4%); 

and (5) Little indication of weathering in its major element composition 
(e.g., relatively low Al

2
O

3
 content, ~12%). If this is not the case and the 

rock does have a sedimentary protolith (even an arkosic one), then the 
depositional age of the Farmington sequence must be <2.46 Ga. If the rock 
is metaplutonic, then the ca. 2.46 Ga age would indicate the sedimentary 
sequence was older than the crystallization age of FCC-10. “Older” in 
this case could refer to a penecontemporaneous, hypabyssal intrusion, or 
emplacement at ca. 2.46 Ga into a substantially older sequence that can 
only be constrained as younger than the youngest detrital zircon. In this 
data set, the youngest detrital zircon with Th/U >0.1 is 2.42 ± 0.03 Ga 
(5% discordant) from sample FCC-8 (Table S1 [see footnote 1]), which is 
within error of the 2.46 ± 0.01 Ga age of sample FCC-10. For high-grade, 
quartzofeldspathic rocks in transposed sequences, however, it is rarely 
possible to unequivocally certify a compositional layer to have a specifi c 
protolith. The similarity in age of the youngest detrital zircon and the age 
of igneous zircons in FCC-10, however, suggests a penecontemporaneous, 
igneous protolith is probable.

The lack of correlation between age and Th/U ratio in FCC-10 con-
trasts with results from FCC-11, which clearly shows a signifi cant age-
variation proportional to Th/U. As shown in Figure 2A, however, the 
upper limit of age and Th/U in sample FCC-11 (migmatitic gneiss) is 
2.458 ± 0.012 Ga (Table S1 [see footnote 1]). A similar observation can 
be made for FCC-12, also a migmatitic gneiss, which has a maximum age 
of 2.455 ± 0.022 Ga and no Archean grains. Considering the impact that 
metamorphism has had on these rocks and their zircons, these ages must 
be taken as minima. Collectively, however, these data suggest an emplace-
ment/depositional/eruption age of ca. 2.45 Ga for the protoliths of these 
gneisses in the Farmington complex.

Data from these three meta-igneous–metamorphic rocks contrast with 
samples from layers that appear to have sedimentary protoliths. Sample 

FCC-5, for example, is from a quartzite that is part of the quartzite-schist-
gneiss unit (afs) of Bryant (1988). The oldest grains in this sample show 
no or very limited correlation between Th/U and age, and all are Archean 
(2.62–2.74 Ga; Table S1 [see footnote 1]; Fig. 3). Sample FCC-8 has a 
similar distribution, but also contains 2.42 and 2.50 Ga detrital grains 
(Fig. 3). Ages of detrital zircons from a quartzite from the Little Willow 
complex are all Archean and the range of ages is similar to the range of 
Archean ages in samples from the Farmington complex, i.e., from 2.6 to 
2.7 Ga for grains that are <10% discordant (Table S1 [see footnote 1]). 
Older ages from more discordant grains, however, extend the minimum 
age for the detrital component to ca. 2.9 Ga (Fig. 3) in the Little Willow 
complex and, along with Archean Sm-Nd model ages, strongly suggest a 
signifi cant contribution from Archean crust in both the Farmington and 
Little Willow complexes (e.g., Hedge et al., 1983; Nelson et al., 2011; 
Table S2 [see footnote 1]). This crust was likely the southern Wyoming 
Province (Frost et al., 1998; southern accreted terranes of Chamberlain 
et al., 2003), which also shed detritus, including zircons with a similar, 
limited range of Archean ages, into the Uinta Mountain Group in the Neo-
proterozoic (e.g., Mueller et al., 2007; Dehler et al., 2010).

In the Uinta Mountains, samples from neither the Owiyukuts nor Red 
Creek complexes provided evidence of magmatic emplacement. In the 
Owiyukuts complex, zircons from a quartz-rich metasedimentary rock 
(OWK-2) showed a pattern of decreasing age with decreasing Th/U 
similar to that seen in the Farmington rocks (Fig. 4A). This suggests 
ages from all of these zircons should be viewed as minima, but does 
not change the interpretation of an Archean provenance similar to that 
of the Farmington and Little Willow complexes. The youngest detrital 
grain (<10% discordant) gave a minimum age of 2.42 ± 0.02 Ga, again 
similar to Farmington. The single analysis with Th/U <0.1 and <10% 
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Figure 3. Probability density function and histograms (Isoplot; Ludwig, 

2003) for U-Pb ages of 46 detrital zircons from metasedimentary rocks 

from the Farmington and Little Willow complexes with Th/U >0.1 (sam-

ples FCC-5, FCC-8, LWF-1).

Figure 4. Plot of age versus Th/U for zircons from: (A) a quartz-rich 

metasedimentary rock from the Owiyukuts complex (OWK-2) and, (B) an 

aggregate of measurements for two quartz-rich metasedimentary rocks 

from the Red Creek complex (URC-2 and 5).
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discordant gave an age of 1.75 Ga. This measurement was made on an 
overgrowth and is −4% discordant, which suggests it was in place prior 
to 1.75 Ga. Nelson et al. (2011) also reported an U-Pb age of 1.74 Ga for 
a zircon from an Owiyukuts paragneiss, but considered the grain detrital 
and suggested it provided an upper limit for deposition of the protolith. 
Unfortunately, a Th/U ratio was not reported for this analysis, so it is 
unclear if grains in this sample conform to the pattern of decreasing age 
with decreasing Th/U reported here and/or may be metamorphic (Th/U 
<0.1). Ages of detrital zircons from two quartz-rich metasedimentary 
rocks from the Red Creek complex that are <10% discordant are very 
similar in their age distributions with only a limited co-variance between 
Th/U and age (Fig. 4B). This covariation suggests that these ages are 
also best viewed as minima; however, the limited nature of the covaria-
tion suggests that the youngest grains may at least loosely constrain the 
time of deposition. If so, the youngest of these ages (ca. 2.3 Ga) suggests 
an upper limit for the depositional age of these rocks that is only slightly 
younger than the limit for Owiyukuts deposition (ca. 2.4 Ga). It is also 
important to note the presence of additional 2.4–2.5 Ga grains in both 
Red Creek samples (URC-2, 5; Table S1 [see footnote 1]), comparable 
to the youngest detrital grains in the Farmington complex. Most grains 
in the metasedimentary lithologies from both the Red Creek and Owiyu-
kuts sequences, however, are Archean with an upper limit of ca. 2.9 Ga 
for grains that are <10% discordant; the inclusion of more discordant 
grains increases the upper limit to a minimum of ca. 3.4 Ga. A dominant 
Archean provenance is supported by Sm-Nd depleted mantle model ages 
for the Red Creek rocks (2.6–3.5 Ga), which are also comparable to 
those from the Farmington complex (Table S2 [see footnote 1]).

Metamorphism

In terms of U-Pb systematics, the positive correlation between Th/U 
and age in many samples makes it clear that metamorphism has altered 
primary age information in many zircons. Because this relationship is 
gradational, it is not possible to derive realistic estimates of metamor-
phic episodes from such grains. Instead, a focus on grains with the low-
est Th/U ratios that do not show a relationship between Th/U and age 
provides the best opportunity to estimate the time of growth of new zir-
con. New zircon occurs as individual grains and as new growth on older 
cores (data for overgrowths recognizable in CL images labeled as T or 
R in Table S1; Fig. S1 [see footnote 1]) in both migmatitic leucosomes 
and in the metamorphic rocks that did not undergo anatexis. In the Farm-
ington migmatites (FCC-11, 12), zircons with Th/U ratios between 0.02 
and 0.11 and discordance from 0%–3% defi ne a distinct age-range com-
pared to the grains with higher Th/U (Table S1 [see footnote 1]). Data 
from 16 of 17 analyses yield an age of 1.665 ± 0.018 Ga. Similarly, in 
the Owiyukuts complex, low Th/U zircons are the dominant type in the 
two leucosomes sampled. The mean age for the 12 grains that are 10% 
or less discordant from both samples is 1.677 ± 0.010 Ga (Fig. S3 [see 
footnote 1]).

The similarity of these ages suggests a common age of metamorphism. 
An aggregation of data for all zircons that are 10% or less discordant and 
have Th/U <0.1 from all samples (migmatitic and non-migmatitic) from 
all locations is shown in Figure 5. These ages range from ca. 1.6–2.1 Ga, 
but show a signifi cant concentration in a narrow range between 1.65 and 
1.75 Ga as indicated by the zircons from both the Farmington and Owi-
yukuts migmatites. Excluding the three oldest ages as analytically mixed 
ages (e.g., Fig. S1 [see footnote 1]; Strickland et al., 2011), yields a mean 
age of 1.674 ± 0.012 Ga. This date is within error of the age calculated for 
zircons solely from low Th/U grains from the migmatites and likely pro-
vides the best estimate for the time of migmatization and metamorphism. 

Consequently, it appears most probable that all locales from the eastern 
Uinta Mountains (Owiyukuts, Red Creek) to the central Wasatch Range 
(Farmington Canyon, Little Willow) experienced intense metamorphism 
at ca. 1.67 Ga. This estimate for the time of metamorphism is similar to the 
U-Pb zircon age of ca. 1.69 Ga reported for the protolith of a biotite gneiss 
from the Farmington complex on Antelope Island in the Great Salt Lake 
(Nelson et al., 2011). All 20 of those grains, however, had Th/U <0.1 and 
may have formed in a leucosome with an origin similar to the migmatitic 
leucosomes represented by FCC-11 and 12. There is no evidence in these 
data to suggest any signifi cant, high-T metamorphic event subsequent to 
ca. 1.67 Ga, in agreement with Nelson et al. (2009).

IMPLICATIONS

These new constraints on the origin and evolution of the Precambrian 
rocks of northeastern Utah have several important implications, including:

(1) Evidence of active tectonism and magmatism at ca. 2.45 Ga is an 
unusual aspect of the global geologic record (e.g., Voice et al., 2011). 
Although ca. 2.45 Ga crust in Laurentia is largely limited to the Taltson 
province of northwestern Canada (e.g., McNicoll et al., 2000; Schultz et 
al., 2007), Kellogg et al. (2003) report ca. 2.45 Ga orthogneiss from a 
basement culmination in the Cordilleran thrust belt in the Tendoy Moun-
tains of southwestern Montana (Fig. 1), Mueller et al. (1996) report xeno-
crystic zircon in the Tobacco Root batholith of southwestern Montana of 
this age, Mueller et al. (2011) report evidence for migmatization at this 
time in southwestern Montana, and Foster et al. (2011) report xenocrystic 
zircon and Hf-isotopic data that indicate components of the Pioneer batho-
lith were derived from crust of this age. These occurrences along with the 
presence of ca. 2.45 Ga magmatism in the Farmington Canyon complex, 
and probably in the eastern Uinta region as well based on ages of detrital 
zircons, suggest crust of similar age may extend along the entire western 
margin of the Wyoming craton (Farmington zone, Fig. 1); similar ages 
have also been reported from eastern Wyoming (e.g., Baggot Rocks batho-
lith: Premo and Van Schmus, 1989). The lack of corresponding magma-
tism along the western interior of the Wyoming craton and the dominance 
of metasedimentary rocks with Wyoming-age detrital zircons in rocks 
deposited ca. 2.45 Ga ago in the Farmington zone suggest that these early 
Paleoproterozoic crustal additions were not formed as a consequence of 
east-directed subduction. More likely, these additions may have formed 
in a rift or trans-tensional environment correlative to the ca. 2.48 Ga rift-
ing proposed for the eastern margin of the Wyoming craton north of the 
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Cheyenne belt (e.g., Dahl et al., 2006) and/or related to the global episode 
of rifting at ca. 2.45 Ga that led to the break-up of the supercontinent 
Kenorland (e.g., Heaman, 1997).

(2) Constraining the relationship between Mojavia and (A) crust of 
roughly comparable age to the east (Yavapai-Colorado), (B) older crust 
to the northeast (Wyoming), and (C) the mixture of Paleoproterozoic and 
Archean crust north of (or in northern) Mojavia (central and northern Great 
Basin) is critical to understanding the evolution of southwestern Laurentia 
and its metallogeny and, by extension, Paleoproterozoic global geody-
namics and crustal growth (e.g., Rodriguez and Williams, 2008; Premo 
et al., 2008). Numerous studies of the Sm-Nd and U-Pb systematics of 
Proterozoic and younger igneous rocks of the Great Basin (e.g., Zartman, 
1974; Bennett and DePaolo, 1987; Ramo and Calzia, 1998; Wooden and 
Miller, 1990; Hill and Bickford, 2001; Eisele and Isachsen, 2001; Due-
bendorfer et al., 2006; Nelson et al., 2011) have been interpreted to indi-
cate that the crust of Mojavia is characterized by more extensive recycling 
of older crust (>2.0 Ga Sm-Nd model ages) than crust in the other Protero-
zoic accreted terranes of southwestern Laurentia (<2.0 Ga Sm-Nd model 
ages). The older model ages attributed to Mojave crust (e.g., 2.6 Ga; Ramo 
and Calzia, 1998) have typically been interpreted to provide a minimum 
estimate of the age of the lithosphere because of the likely involvement 
of mantle-derived melts in the formation of post-Archean magmas. Nel-
son et al. (2011), however, proposed that the evolved isotopic signature of 
Mojave crust results from a layer of Archean (Wyoming) detritus overlay-
ing more juvenile Yavapai crust that was intimately reworked during Pro-
terozoic and Phanerozoic orogenesis as suggested by Premo et al. (2008) 
for the Angel Lake gneiss of Nevada. Although the dilution of the more 
ancient isotopic signals in younger magmas makes it diffi cult to use them 
to accurately defi ne province boundaries, the Proterozoic remobilization 
of Archean crust via its detritus in the Farmington zone at ca. 2.45 and 
ca. 1.67 Ga may provide insight into the initial incorporation of Archean 
crust (as detritus) in the formation of Proterozoic Mojave crust. This is 
compatible with previous proposals of a genetic relationship between 
Wyoming and Mojavia based on unique U-Th-Pb systematics and Nd 
model ages (e.g., Bennett and DePaolo, 1987; Wooden and Dewitt, 1991; 
Nelson et al., 2011). The general paucity of Archean detrital zircons in 
Proterozoic metasedimentary rocks that match with age spectra from 
the Wyoming craton (Barth et al., 2009; Shufeldt et al., 2010), however 
remains a substantial problem for this hypothesis. The presence of age 
peaks at ca. 2.48 Ga in the age spectra of the Vishnu schist, however, sug-
gests a potential tie with the ca. 2.45 Ga magmatism recognized in the 
Farmington zone. Alternatively, the lack of >2.5 Ga detrital zircon ages 
may simply indicate that Mojave crust originally formed independently 
at ca. 2.5 Ga. If so, its characteristic low Sm/Nd and high U/Pb history 
may derive from a plume-related origin (e.g., Condie, 1999; Mueller et al., 
2010; Mueller and Wooden, in press).

Regardless of its derivation, the more evolved nature of Mojave crust 
relative to Yavapai-Colorado and Mazatzal crust, and its less evolved 
nature relative to Wyoming crust, suggests that the Cheyenne belt may 
not extend along strike into the Great Basin as the northern boundary of 
Mojavia (e.g., Premo et al., 2008) as suggested by numerous workers 
(e.g., Sears et al., 1982; Lush et al., 1988; Bryant, 1988; Rodriguez and 
Williams, 2008). An alternative to this model is that the Cheyenne belt, 
as a structural feature that might have originated as a rifted margin (e.g., 
Jones, 2011), may bend southward and merge into the Mojave-Yavapai 
boundary zone, thereby retaining its character as a fundamental Paleo-
proterozoic boundary between more- and less-evolved lithosphere (e.g., 
Bennett and DePaolo, 1987; Karlstrom et al., 2002). The suggestion by 
Nelson et al. (2011) that the Cheyenne belt should be viewed strictly as 

an Archean–Proterozoic collisional feature and, therefore, lie east of the 
Farmington zone is a more diffi cult geometry to reconcile with metamor-
phism in the Farmington zone at ca. 1.67 Ga and the Great Falls tectonic 
zone at 1.75–1.86 Ga in light of: (1) The projected northeast-directed 
collisional vectors required to accommodate the formation of the Great 
Falls tectonic zone at 1.75–1.86 Ga with north-directed subduction (i.e., 
away from the Wyoming craton; Mueller et al., 2002; 2005); (2) The 
high angle of intersection between the Great Falls tectonic zone and the 
proposed extension of the Cheyenne belt; and (3) The lack of evidence 
for a Paleoproterozoic magmatic arc along the proposed westward and 
northern extension of the Cheyenne belt in and along the western Wyo-
ming Province. It remains unclear whether Archean rocks and detritus 
west of the Farmington zone (e.g., Leeman et al., 1985; Lush et al., 
1988; Premo et al., 2008; Strickland et al., 2011) are derived from the 
Wyoming Province, or represent crustal components of later accreted 
terranes (e.g., Foster et al., 2006).

(3) The aggregate 1.674 ± 0.012 Ga age for metamorphism recorded 
in the Farmington Canyon and Owiyukuts complexes suggests that these 
ages were produced during a substantial tectonic event that appears to 
have buried the southwestern corner of the Wyoming craton, including 
the Farmington complex and the early Paleoproterozoic basement of the 
Uinta uplift. The lack of evidence for coeval arc magmatism in the western 
or southwestern parts of the Wyoming Province and the presence of calc-
alkaline batholiths in Mojavia at this time suggest aggregated Mojave (± 
Yavapai-Colorado) crust was likely thrust over the southwestern corner 
of the Wyoming craton at ca. 1.67 Ga along an east- or northeast-directed 
vector (subduction to the south-southwest). If so, the geodynamics of 
this collision would be compatible with development of the Great Falls 
tectonic zone along the Wyoming craton’s northern boundary beginning 
at ca. 1.86 Ga with north-directed subduction beneath the Medicine Hat 
block (e.g., Mueller et al., 2005). The thrusting in southwestern Laurentia 
may represent a component of obduction following collapse of an ocean 
of unknown size that also closed due to subduction directed away from the 
Wyoming craton. This would be true regardless of whether Mojavia had 
ancient ties to Wyoming and would be consistent with the intercalation 
of mafi c and ultramafi c rocks with possible oceanic affi nities within the 
Farmington complex (e.g., Bryant, 1988; Shervais, 2006). Most impor-
tantly, the consistent age of metamorphism recorded in zircons from the 
Farmington and Owiyukuts complexes and the widespread record of 
ca. 1.67 Ga tectonism and magmatism throughout the accreted Paleopro-
terozoic terranes of southwestern Laurentia, but especially in the Mojave-
Yavapai boundary zone (e.g., Wooden and Miller, 1990; Whitmeyer and 
Karlstrom, 2007; Amato et al., 2008), suggests this episode of tectonism 
may refl ect the (near) fi nal movements associated with the incorporation 
of these terranes into Laurentia.

In detail, tectonism at ca. 1.67 Ga is signifi cantly younger than the age 
of ca. 1.75 Ga proposed for Colorado-Wyoming convergence along the 
Cheyenne belt (e.g., Chamberlain, 1998; Duebendorfer et al., 2006; Jones 
et al., 2010) and the 1.78 Ga metamorphism of 2.45 Ga and older gneisses 
from the Great Falls tectonic zone in southwestern Montana (Fig. 1; Muel-
ler et al., 2005; Foster et al., 2006). The ~100 m.y. differential and the 
lack of geophysical evidence for subduction beneath the Wyoming cra-
ton along strike of the Cheyenne belt (Deep Probe data; Karlstrom et al., 
2005) support a diachronous, oblique convergence between the Wyoming 
and combined Mojave-Colorado-Yavapai–crustal blocks similar to that 
proposed for the Wyoming–Medicine Hat collision along the Great Falls 
tectonic zone (Mueller et al., 2005) and are not compatible with models 
calling for ca. 1.7 Ga collision and subduction beneath the western margin 
of the Wyoming craton (e.g., Nelson et al., 2011).
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CONCLUSIONS

U-Pb ages of magmatic zircons from meta-igneous and metasedi-
mentary rocks of the Farmington Canyon complex, ubiquitous Neo-
archean detrital zircons from throughout the study area, and Archean 
Sm-Nd depleted mantle model ages of metasedimetary and meta-igne-
ous rocks suggest rift-related magmatic and depositional systems were 
likely present along the southwestern margin of the Wyoming craton in 
the early Paleoproterozoic (ca. 2.45 Ga). The provenance of the sedi-
mentary component appears to be largely from the southern Wyoming 
Province. The common age of metamorphism experienced by these 
rocks (1.674 ± 0.012 Ga) and similar ages recorded by magmatic rocks 
in the Mojave-Yavapai boundary zone may refl ect the time of fi nal juxta-
position of Mojavia and perhaps other accreted terranes of southwestern 
Laurentia along a common boundary initiated by ca. 2.45 Ga rifting of 
the Wyoming craton and subsequent oblique collision(s) (Mueller et al., 
2005). In addition, the unique Paleoproterozoic age and composition of 
rocks in the Farmington zone places a new constraint on any crust pro-
posed as a conjugate to southwestern Laurentia prior to Neoproterozoic 
rifting, e.g., AUSWUS (Australia southwestern U.S.), SWEAT (south-
western U.S. East Antarctica), Siberia, etc. (e.g., Moores, 1991; Burrett 
and Berry, 2000; Karlstrom et al., 2001; Sears and Price, 2003).
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