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ABSTRACT

Knowledge of the Precambrian history 
and crustal architecture of western North 
America is limited by the restricted extent 
of outcropping basement due to Phanerozoic 
sedimentary cover and magmatic disruption. 
Inherited zircon components in the magmatic 
rocks of the Idaho batholith provide a win-
dow into this largely obscured crust and are 
used here to constrain the architecture of the 
Precambrian basement of the northern U.S. 
Cordillera. The Cretaceous–Paleocene Idaho 
batholith is divided into a southern Atlanta 
lobe and northern Bitterroot lobe, and U-Pb 
ages of the inherited zircon components vary 
systematically with geographic location both 
between and within the lobes. The south-
ern half of the Atlanta lobe of the batholith 
is dominated by two sharp age peaks at ca. 
2.55 Ga and 670 Ma, with the Archean peak 
more prevalent in the southernmost samples. 
Since both age peaks can be correlated with 
known local bedrock exposures and xenoliths 
(in the case of the Archean), they are inter-
preted as representing the ages of subsurface 
igneous or metaigneous rocks. Late Juras-
sic and Early Cretaceous inherited zircons 
are also observed in a few samples, suggest-
ing that localized magmatism of this age oc-
curred in the area prior to batholith forma-
tion. The northern half of the Atlanta lobe 
yields a wide range of Proterozoic inherited 
ages broadly similar to the detrital zircon 
age spectra of local and regional Neoprotero-
zoic (Windermere) metasedimentary rocks. 
Small plutons between the lobes of the batho-
lith show a single inherited zircon peak at 
1.38 Ga, identical to the age of orthogneisses 

that they intrude. Inherited zircons from the 
Bitterroot lobe yield a heterogeneous age dis-
tribution between 1.90 and 1.35 Ga, similar 
to the detrital zircon age spectra of much of 
the Belt Supergroup.

The extent of Archean inheritance in the 
southern Atlanta lobe suggests that Archean  
lithosphere extends as far west as the con-
tinental margin and further north than 
previously thought, making it a potentially 
important  piercing point in reconstructions 
of the Rodinian and Columbian superconti-
nents. Further, in situ Hf isotopic analyses of 
the Archean  cores provide evidence for previ-
ously existing pre-3.5 Ga crustal components 
in this Archean terrane, suggesting a tie to the 
neighboring Wyoming Province to the east.

INTRODUCTION

The formation and evolution of continental 
crust represent long-standing and fundamental 
avenues of inquiry in geology. Since Precam-
brian crustal terranes represent the ancient nuclei 
of most continents (e.g., Hoffman, 1988), under-
standing the histories and tectonic relationships 
of these terranes is critical to under standing 
crustal evolution. The study of Precambrian 
terranes and their crustal architecture is also 
essential to the reconstruction of ancient super-
conti nents such as Rodinia and the understand-
ing of the supercontinent cycle.

The primary obstacle to studying these ter-
ranes and understanding their context is the 
lack of surface exposure, due to covering by 
sedimentary and volcanic sequences, disrup-
tion and obliteration by younger plutons, and 
tectonic burial or dismemberment. However, 
granitic plutons contain chemical information 
about their crustal source regions and the crust 
they penetrate, along with physical relicts of 
this material, such as xenoliths and xenocrysts. 
“Mining” these plutons for information on their 

host terranes can therefore be a useful technique 
in our effort to understand Precambrian crust 
(e.g., Miller et al., 1992; Paterson et al., 1992; 
Mueller et al., 1995; Keay et al., 1999; Zeck and 
Williams, 2002; Bryan et al., 2008).

In this paper, we use the age and hafnium 
isotopic compositions of inherited zircons in the 
Idaho batholith of the northern U.S. Cordillera 
to establish the identity and nature of Precam-
brian terranes that underlie it. We also compare 
these results to the whole-rock isotopic record 
and show examples of both agreement and dis-
agreement between the two records, underlining 
the importance of an integrated approach.

BACKGROUND

Precambrian Terranes of the Northern 
U.S. Cordillera

The Precambrian basement in western Lau-
rentia (specifi cally, the northwestern United 
States and neighboring Canada) is a complex 
collage of Archean and Paleoproterozoic base-
ment terranes assembled in Paleoproterozoic 
time (Fig. 1) (e.g., Foster et al., 2006). The 
major  Precambrian terranes in this region are 
the Archean  Wyo ming and Hearne Provinces 
(Hoffman, 1988; Foster et al., 2006). These 
Archean  terranes are separated by a small 
Archean  terrane called the Medicine Hat block, 
which lacks basement surface exposures and is 
known solely from xenoliths, drill cores, and 
geophysical methods (Lemieux et al., 2000) 
and may or may not be a fragment of one of 
its larger neighbors (Buhlmann et al., 2000; 
Lemieux et al., 2000; Clowes et al., 2002; Gor-
man et al., 2002). The Medicine Hat block and 
Wyoming Province are separated by a linear 
belt called the Great Falls tectonic zone, which 
appears to be a collapsed Paleoproterozoic arc 
and collisional suture (Roberts et al., 2002; 
Holm and Schneider , 2002; Mueller et al., 
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2002; Harms et al., 2004; Foster et al., 2006; 
for contrasting views, see Boerner et al., 1998; 
Buhlmann et al., 2000; Clowes et al., 2002; Gor-
man et al., 2002). Archean  fragments of uncer-
tain origin termed the Priest River and Grouse 
Creek blocks are west of Medicine Hat block 
and Wyoming Province, respectively (Doughty 
et al., 1998; Foster et al., 2006). The Priest River 
block is known only from a tiny structural win-
dow in northern Idaho exposing a Neoarchean 
orthogneiss (Doughty et al., 1998), whereas the 
Archean basement of the Grouse Creek block 
is exposed in the area between southern Idaho 
and northern Nevada and Utah, and is inferred 
to extend beneath the Snake River Plain based 
on xenoliths (Leeman et al., 1985; Egger et al., 
2003; Wolf et al., 2005; Strickland et al., 2011).

The location and nature of the southern 
boundary of the Archean Priest River and Medi-
cine Hat blocks and northern boundary of the 
Archean Grouse Creek block are unclear in 

Idaho, due to the presence of Mesoproterozoic 
through Paleozoic sedimentary cover and the 
Cretaceous–Tertiary Idaho batholith. The Great 
Falls tectonic zone appears to project into Idaho 
between these two blocks in the region pri marily 
occupied by the Idaho batholith. Based on zir-
con inheritance in the northern Idaho batholith 
(Bitterroot lobe) and several satellite plutons 
and batholiths in neighboring Montana and a 
few basement exposures, Foster et al. (2006) 
considered the zone between the Priest River–
Medicine Hat blocks and Grouse Creek block 
in Idaho to be a mixed terrane called the Sel-
way terrane, consisting of arc fragments ranging 
in age from ca. 2.4 Ga to 1.6 Ga and bounded 
to the north and south by the Lewis and Clark 
fault zone and northern edge of the Snake River 
Plain, respectively. Sims et al. (2005) proposed 
a model based on aeromagnetic anomalies that 
similarly placed Paleoproterozoic crust beneath 
the Idaho batholith, albeit with minor  differ-

ences in the placement of bound aries. More re-
cent mapping and geochronological work have 
provided additional insights about the Precam-
brian terrane framework adjacent to the Idaho 
batholith. Ortho gneisses exposed in the Pioneer 
metamorphic core complex of southern Idaho 
have yielded Neoarchean (ca. 2.7–2.6 Ga) and 
also Neoproterozoic ages (ca. 0.7 Ga) (Durk, 
2007), and similar-aged ortho gneisses have been 
discovered to the west in the House Mountain 
metamorphic complex near Boise (Alexander, 
2007; Schmitz, 2011). The Archean ages in these 
complexes are similar to the ages of some of the 
crustal xenoliths found in northern Snake River 
Plain lavas (Wolf et al., 2005) and basement 
exposed along the Idaho-Utah border (Egger  
et al., 2003; Strickland et al., 2011), which sug-
gests that the Grouse Creek block extends north 
of the Snake River Plain. In northern Idaho, 
Neoarchean (2.67 Ga) and Paleo protero zoic 
(1.86 Ga) orthogneisses and 1.79 Ga anortho-
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Figure 1. Precambrian terrane 
framework of Idaho and neigh-
boring states, showing position 
of the Idaho batholith, modifi ed 
from Foster et al. (2006). The 
rectangle highlights the area 
shown in Figure 4, which shows 
additional basement exposures 
in Idaho.
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sites have been recognized in a high-grade meta-
morphic terrane called the Clearwater complex 
(Doughty and Chamberlain, 2007; Vervoort 
et al., 2007; Brewer et al., 2008; Lewis et al., 
2011). The presence of both Archean and Paleo-
proterozoic ages suggests that this area may 
represent an inter face between the Priest River–
Medicine Hat blocks and posited Selway terrane.

Global Tectonic Framework for 
the Proterozoic

The local histories and architectures of the ter-
ranes described here hold a broader signifi cance 
to our understanding of Precambrian super-
continents due to their presence at the margin of 
western Laurentia, defi ned today by the 0.706 
87Sr/86Sr(i) isopleth (e.g., Armstrong et al., 1977). 
During the early Neoproterozoic (i.e., ca. 1.0 Ga), 
Laurentia occupied a central position in the 
super continent Rodinia, with one or more other 
continents attached to the western Laurentian 
margin (e.g., Li et al., 2008). The existence of an 
earlier supercontinent, assembled by ca. 1.8 Ga 
and known as Columbia (or Nuna), has also been 
proposed for the Paleoproterozoic, and models 
generally place one or more other continents ad-
jacent to western Laurentia, as in Rodinia  (e.g., 
Rogers and Santosh, 2002; Zhao et al., 2002, 
2004; Evans and Mitchell, 2011). The identities 
of the continents conjugate to western Laurentia 
during the Rodinian and Columbian intervals and 
the extent to which the continental confi guration 
changed in the Mesoproterozoic interim have 
been subjects of great debate, with links between 
Laurentia and Australia (e.g., Brookfi eld, 1993; 
Karlstrom et al., 1999; Burrett and Berry, 2000; 
Ross and Villeneuve, 2003; Betts et al., 2008, 
2011), Antarctica (e.g., Dalziel, 1991; Moores, 
1991; Goodge et al., 2008), Siberia (e.g., Sears 
and Price, 1978, 2000; Sears et al., 2004), and 
China (Li et al., 1995, 2008; Milidragovic et al., 
2011) proposed for both the Rodinia and Co-
lumbia intervals. Consequently, studies of the 
Precambrian basement framework in the north-
ern U.S. Cordillera provide the opportunity to es-
tablish clear piercing points that will help refi ne 
supercontinent models.

The geologic record in the northern U.S. Cor-
dillera records several events during the Meso-
proterozoic transition from Columbia to Rodinia 
and the Neoproterozoic breakup of Rodinia . Lo-
calized magmatism occurred at 1.58 Ga in the 
Priest River complex (Doughty et al., 1998). An 
extensional basin formed and fi lled with sedi-
ments, producing the Belt Supergroup between 
1.47 Ga and 1.37 Ga (Anderson and Davis, 
1995; Sears et al., 1998; Evans et al., 2000). 
Magmatism correlative to the massive A-type 
magmatic event of southern Laurentia occurred 

at the end of the Belt depositional interval 
(Evans  and Zartman, 1990; Doughty and Cham-
berlain, 1996), and the Belt area experienced a 
series of metamorphic events from ca. 1.3 Ga to 
1.1 Ga (Jiang et al., 2000; Vervoort et al., 2007; 
Doughty and Chamberlain, 2008; Zirakparvar 
et al., 2010; Nesheim et al., 2012) with poorly 
understood tectonic implications. The breakup 
of Rodinia and rifting between western Lauren-
tia and its conjugate(s) after ca. 780 Ma led to 
the deposition of the Winder mere Supergroup, 
local volcanism and plutonism (Lund et al., 
2003; Alexander, 2007; Durk, 2007), and the 
eventual formation of a passive margin and mio-
geocline stretching the length of the Cordillera 
by the Cambrian Period (Stewart, 1972; Bond 
et al., 1984; Ross, 1991; Colpron et al., 2002).

Idaho Batholith

The Idaho batholith, which largely obscures 
the Precambrian geology of central and northern 
Idaho, is divided into a larger southern Atlanta 
lobe and smaller northern Bitterroot lobe. The 
Atlanta lobe consists of the early metalumi-
nous suite and border zone suite on its eastern 
and western sides, respectively, with both com-
posed primarily of hornblende granodiorites and 
 tonalites ranging from 98 to 85 Ma. These are 
intruded by the voluminous Atlanta peralumi-
nous suite, which consists of biotite granodiorite 
and two-mica granite with ages of 83–67 Ma 
(Gaschnig et al., 2010). The Bitterroot lobe 
consists of the fringing late metaluminous suite, 
composed of hornblende granodiorite through 
quartz diorite and ranging from 75 to 68 Ma. 
This is intruded by the voluminous Bitterroot 
peraluminous suite, which consists of biotite 
granodiorite and two-mica granite and ranges 
from 66 to 54 Ma (Gaschnig et al., 2010, and 
references therein). The two lobes are separated 
by a zone, formerly termed the Salmon River 
arch (Armstrong, 1975), of metamorphosed 
Belt Supergroup and Windermere Supergroup 
sedimentary rocks, along with 1.38 Ga augen 
gneiss and other deformed plutonic rocks of 
uncertain age (Evans and Fischer, 1986; Evans 
and Zartman, 1990; Doughty and Chamberlain, 
1996; Lewis et al., 2007). The Idaho batholith 
region was intruded by dikes and plutons asso-
ciated with the Challis volcanic group during 
Eocene time.

Inherited (i.e., xenocrystic) zircon cores 
have long been recognized in the main phases 
of the Idaho batholith, making it diffi cult to 
date these rocks accurately by traditional U-Pb 
methods. Information on the age of the inher-
ited component(s) was initially provided by the 
efforts of Chase et al. (1978), Bickford et al. 
(1981), and Toth and Stacey (1992). These 

workers focused on the Bitterroot lobe and 
used isotope dilution–thermal ionization mass 
spectrometry (ID-TIMS) methods on bulk zir-
con separates. In most cases, results were dis-
cordant, forming chords with Paleoproterozoic 
upper-intercept ages, commonly between 1.8 
and 1.7 Ga. In situ sensitive high-resolution ion 
microprobe (SHRIMP) U-Pb geochronology by 
Mueller et al. (1995) seemed to confi rm the ex-
istence of a uniform 1.8–1.7 Ga inherited com-
ponent, prompting them to propose the presence 
of a previously unrecognized Paleoprotero-
zoic terrane beneath the batholith. Additional 
SHRIMP work by Foster and Fanning (1997), 
however, identifi ed a greater range of Protero-
zoic zircon core ages, complicating the uniform 
source interpretation.

All of these studies focused on the Bitterroot 
lobe of the batholith. In contrast, the U-Pb geo-
chronology of the interior of the much larger 
Atlanta lobe has remained largely unexplored 
until very recently (Unruh et al., 2008; Gaschnig 
et al., 2010).

METHODS

Sample Preparation

Rock samples were collected in 5–10 kg 
quantities, and zircons were isolated using a 
water  table, magnetic separator, and heavy 
liquids . Grains were handpicked, mounted in 
epoxy , ground to expose their interiors, polished, 
and carbon coated. They were imaged using a 
scanning electron microscope in cathodolumi-
nescence (CL) mode at the University of Idaho.

Our sampling was part of a regional geo-
chrono logical study aimed at characterizing all 
the major phases of the Idaho batholith and some 
representative Challis intrusions. The igneous 
crystallization ages for most of the samples with 
“RMG,” “RL,” and “IB” in their names were 
presented in Gaschnig et al. (2010). The igneous 
ages of 01KL107 and MC15–91 were reported 
by Lund et al. (2008) and Unruh et al. (2008), 
respectively.

U-Pb Geochronology

Inherited zircon components were dated by 
laser ablation–inductively coupled plasma–
mass spectrometry (LA-ICP-MS) U-Pb methods , 
using a New Wave Nd:YAG UV 213 nm laser  
coupled to a ThermoFinnigan Element 2 
 single-collector, double-focusing, magnetic 
sector ICP-MS, broadly following the methods  
of Chang et al. (2006). A laser spot size of 
30 μm and repetition rate of 10 Hz were used. 
He carrier gas delivered the sample aerosol to 
the plasma, and each analysis consisted of a 
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blank  analysis  followed by 300 sweeps through 
masses 202, 204, 206, 207, 208, 232, 235, and 
238, taking ~35 s.

Time-dependent interelement fractionation 
during the excavation of the laser pit was cor-
rected using the intercept method (Kosler and 
Sylvester, 2003). Time-independent (or static) 
fractionation was corrected by normalizing 
Pb/U and Pb/Pb ratios measured on unknown 
analyses with fractionation factors derived 
from analyzing the Peixe (564 Ma; Dickinson 
and Gehrels, 2003) and FC-1 (1099 Ma; Paces 
and Miller, 1993) zircon standards before and 
after blocks of 10 consecutive unknown analy-
ses. Peixe was used to correct the 206Pb/238U and 
207Pb/235U ratios, and FC-1 was used to correct 
the 207Pb/206Pb ratios.

The use of the intercept method for the cor-
rection of time-dependent interelement fraction-
ation is predicated on the assumption of a linear 
increase in 206Pb/238U and 207Pb/235U ratios with 
time during a given laser-ablation analysis. Nu-
merous analyses yielded stable and reproducible 

207Pb/206Pb ratios but Pb/U ratios with chaotic 
and nonlinear time-dependent trends, which 
render their 206Pb/238U and 207Pb/235U inter cepts, 
and therefore 206Pb/238U and 207Pb/235U ages, 
meaningless. This result is unlikely to represent 
the ablation from one age domain to another 
during the analysis because this should produce 
an analogous change in the 207Pb/206Pb ratio. The 
disrupted U/Pb could be the result of Pb loss 
or zircon recrystallization. In the case of geo-
logically recent Pb loss or recrystallization in a 
Precambrian zircon, the 207Pb/206Pb age should 
remain undisturbed and therefore still geologi-
cally meaningful. However, we follow a con-
servative approach here and treat these analyses 
separately.

The weak signal of 204Pb and interference 
from traces of 204Hg found in the carrier gas 
make it diffi cult to accurately measure 204Pb to 
correct for common Pb. Our experience with 
young (Cretaceous–Tertiary) zircons with low 
levels of radiogenic Pb (Gaschnig et al., 2010) 
is that the effects of common Pb are easily rec-

ognized on Tera-Wasserburg diagrams and are 
relatively minor for that age range. Although the 
steep trajectory of the concordia curve makes 
the recognition of common Pb infl uence on 
Precambrian zircon ages diffi cult, the effects of 
common Pb should be much less than Phanero-
zoic zircons due to the greater accumulation 
of radiogenic Pb in Precambrian ones. Conse-
quently, a common Pb correction has not been 
applied to the analyses.

U-Pb data were reduced using an in-house 
spreadsheet and are presented here using Iso-
plot (Ludwig, 2001). Histograms and weighted 
mean plots present 207Pb/206Pb ages for analyses 
older than 1.0 Ga and 206Pb/238U ages for analy-
ses younger than 1.0 Ga. Full tabulated results 
are provided in the GSA Data Repository1 and 
are summarized in Table 1.

1GSA Data Repository item 2012273, sample 
loca tions, U-Pb geochronology data table, and zir-
con Hf isotopic data table, is available at http://www
.geosociety.org/pubs/ft2012.htm or by request to 
 editing@geosociety.org.

TABLE 1. SUMMARY OF U-Pb RESULTS

Sample†
Number of 
analyses

Number of <10% 
discordant <600 Ma

600 to 
1000 Ma

1000 to 
1360 Ma

1360 to 
1470 Ma

1470 to 
1600 Ma

1600 to 
1800 Ma

1800 to 
2000 Ma

2000 to 
2400 Ma

2400 to 
2800 Ma

2800 to 
3500 Ma

Southern Atlanta lobe
811124417183GMR70
12111421220412GMR80

110253GMR70
07RMG36 1 0 1
07RMG29 52 33 2 14 35

1124482GMR70
4111516152GMR70
714274164GMR70

07RMG45 8 6 1 5 2
98IB53 1 0 1

2192134GMR70
98IB68 3 0 1 1 1

Northern Atlanta lobe
123302-01-IGM

1122988LR01
1223169788LR01

10NB356 29 17 1 2 8 4 1 2 5 1 5
MC15-91 12 8 41232
98IB34 4 2 4
07RMG13 24 19 4 1 1 6 1 11

Elk City
112201GMR70

111401LK10
16122191111LK10

Bitterroot lobe
98IB13 7 1 3 3 1
98IB12 13 6 1 1 7 4

14530130GMR60
06RMG04 1 0 1

11164312290GMR60
12151531818220GMR60

06RMG01 3 1 2 1
98IB6 4 2 4

4313181266GMR70
61274518307GMR70
211477180GMR60

01RL600 3 2 3
13236927LR10

101521019110GMR90
†Samples are arranged geographically from south to north.
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Zircon Hf Isotope Analysis

The Hf isotopic compositions of inherited 
zircon components provide information on 
the sources from which the components origi-
nally crystallized. For example, zircons derived 
from juvenile magmas will have higher initial 
176Hf/177Hf ratios (or positive εHf), and those 
derived from the remelting of preexisting crust 
will have lower initial 176Hf/177Hf ratios (or nega-
tive εHf). Zircon Hf isotopic compositions were 
analyzed by in situ laser ablation–multicollector–
inductively coupled plasma–mass spectrometry 
(LA-MC-ICP-MS) methods using a New 
Wave Nd:YAG UV 213 nm laser coupled to a 
Thermo-Finnigan Neptune MC-ICP-MS with 
9 Faraday collectors. The laser was operated 
at a 10 Hz pulse rate with a 40 μm spot. The 
carrier gas consisted of purifi ed He with small 
quantities of N

2
 to minimize oxide formation 

and increase sensitivity. Analyses consisted of 
60 1 s measurements in static mode, with cups 
measuring masses 171, 173, 175, 176, 177, 178, 
179, 180, and 182.

The largest obstacle in LA-MC-ICP-MS Hf 
isotopic analysis is the isobaric interference of 
176Yb and 176Lu on 176Hf. We corrected for these 
by monitoring interference-free isotopes of Lu 
and Yb and using the natural isotopic composi-
tion of these elements to determine the contribu-
tions of 176Yb and 176Lu to the total mass 176 
signal. While the contribution of Lu is minor, 
the contribution of Yb is large enough (~2%–
15% of the total signal on mass 176) that the 
mass bias relationship for Yb needs to be care-
fully considered. We determined Yb mass bias 
directly by comparing the measured 173Yb/171Yb 
ratio to the natural 173Yb/171Yb ratio suggested 
by Chu et al. (2002) and applying the Yb mass 
bias determined in each measurement to the 
176Hf interference correction. Analysis of zircon 
standards with differing Yb/Hf ratios (Mud Tank, 
176Yb/177Hf ~ 0.001; 91500, 176Yb/177Hf ~ 0.01; 
FC1, 176Yb/177Hf ~ 0.03; R33, 176Yb/177Hf ~ 0.10) 
in each analytical session revealed a small 
(typically ~0.000020) but systematic external 
fractionation in 176Hf/177Hf, independent of 
the Yb interference correction and similar to 
what is experienced in solution MC-ICP-MS 
analysis. Consequently, we used the differ-
ence between measured and known 176Hf/177Hf 
on the zircon standards to normalize analyzed 
unknowns.

Long-term averages (with two standard error  
uncertainties) on the zircon standards were: 
0.282489 ± 8 (n = 48) for Mud Tank; 0.282309 
± 6 (n = 117) for 91500; 0.282178 ± 4 (n = 162) 
for FC1; and 0.282770 ± 8 (n = 84) for R33. 
However, the total uncertainty on individual 
analyses of unknowns is diffi cult to estimate and 

is likely to be greater than the internal measure-
ment error in many cases, due to factors such 
as complications in the Yb interference correc-
tion, instrumental bias, and matrix effects. We 
conservatively estimate the total uncertainty on 
individual analyses to be no less than approxi-
mately ±2ε units.

Hf isotope results are presented in present-day 
and initial εHf units, defi ned as: {[176Hf/177Hf(sample) – 
176Hf/177Hf(CHUR)]/(176Hf/177Hf(CHUR))} × 10,000, 
where CHUR is chondritic uniform reservoir. 
Present-day CHUR values used are 176Hf/177Hf = 
0.282785 and 176Lu/177Hf = 0.0336 (Bouvier 
et al., 2008), and initial sample and CHUR val-
ues were calculated using a decay constant (λ) 
value of 1.867 × 10–11 yr–1 (Scherer et al., 2001; 
Söderlund et al., 2004). Although the very low 
176Lu/177Hf ratios typical of zircon (<0.001) re-
sult in little actual change in zircon 176Hf/177Hf 
ratios with time, the evolution of the CHUR 
reservoir with time leads to large changes in 
zircon εHf.

RESULTS

Representative CL images of zircons are 
shown in Figure 2, and U-Pb results are plot-
ted in Tera-Wasserburg diagrams in Figure 3. 

Zircon inheritance occurs primarily in the form 
of Precambrian cores surrounded by Cretaceous 
or Tertiary magmatic rims, although individual 
grains that are entirely Precambrian are occa-
sionally found. The presence of Precambrian 
inheritance varies signifi cantly between the dif-
ferent suites of the Idaho batholith. Inheritance 
is rare in the early metaluminous and border 
zone suites, which are the oldest components 
of the batholith. In contrast, inheritance is com-
mon in samples from much of the Atlanta per-
aluminous suite, although samples from the 
region between 44.3°N and 44.8°N tend to lack 
inheritance. Inheritance is pervasive throughout 
the Bitterroot peraluminous suite. Plutons of the 
Eocene Challis intrusive province generally lack 
inheritance, and we were only able to identify 
cores in two Challis samples.

The age spectra of inherited zircons from our 
samples vary systematically with sample loca-
tion, allowing us to divide the batholith up into 
four sectors (Fig. 4) with distinct inheritance 
patterns, which we describe in order from south 
to north. In describing these patterns, we use 
the terms Atlanta lobe and Bitterroot lobe in 
the geographic sense. This distinction is worth 
noting because rocks correlative to the Atlanta 
peraluminous suite are present west of the 
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Bitter root lobe and outside of the Atlanta lobe 
proper (Gaschnig et al., 2010).

Many U-Pb ages, particularly from the 
Bitter root lobe of the Idaho batholith, were 
either  more than 10% discordant or showed dis-
rupted Pb/U ratios but reproducible 207Pb/206Pb 
ratios during analyses. The results and inter-
pretations described here are based on the less 
than 10% discordant ages only, but it is notable 
that the other analyses produce similar age 
spectra (Fig. 5).

Southern Atlanta Lobe

The inherited zircon age spectra of our sam-
ples from the southern Atlanta lobe of the Idaho 
batholith are generally bimodal with sharp 
peaks at ca. 2.55 Ga and 670 Ma (Figs. 3 and 
4). Approximate error-weighted 207Pb/206Pb and 
206Pb/238U means of 2.55 Ga and 671 Ma can be 
calculated (Fig. 6), respectively, if the analy-
ses less than 10% discordant are pooled. The 
Neoproterozoic peak is present in all but one 
of our samples from the Atlanta peraluminous 
suite. The Neoarchean peak is generally more 
prominent in the more southern samples, and 
the two southernmost samples (07RMG38 and 
08RMG21) also contain a scattering of ages 
between 3.5 and 3.0 Ga. Other ages present in-

clude a small number of Paleoproterozoic and 
Mesoproterozoic (1.85–1.0 Ga) cores, but these 
represent less than 6% of the total number of 
analyses for the southern Atlanta lobe. In addi-
tion to the Precambrian components and the pre-
viously documented Late Cretaceous inherited 
components (Gaschnig et al., 2010), we identi-
fi ed a few Late Jurassic–Early Cretaceous cores 
and inherited whole grains in the Atlanta lobe 
and one Late Triassic core.

The majority of inherited Neoproterozoic 
(ca. 680 Ma) and Neoarchean (ca. 2.55 Ga) 
zircon cores yield hafnium isotopic composi-
tions (Fig. 7) with initial epsilon values between 
+2 and –7 and –1 and –8, respectively. The 
3.5–3.0 Ga cores yield initial values from –4 to 
–8, and the Early Cretaceous cores yield values 
from –7 to –11.

Northern Atlanta Lobe

All but one sample collected from the At-
lanta lobe north of 44.8°N latitude have hetero-
geneous zircon age spectra characterized by a 
wide range of ages between 2000 and 1000 Ma, 
with peaks at 1.7–1.6 Ga and 1.5–1.4 Ga (Figs. 
3 and 4). Subordinate Neoproterozoic and Neo-
archean populations, similar in age to the main 
age peaks in the southern Atlanta lobe, are also 

present. In addition, two Ordovician cores were 
identifi ed in one sample (07RMG13).

Inherited zircons from the northern Atlanta 
lobe have generally more juvenile initial Hf iso-
topic compositions than those from the southern 
Atlanta lobe (Fig. 7). All zircons have relatively 
radiogenic initial Hf isotope compositions (εHf[i] 
> –3). In particular, the cores with ages between 
1.74 and 1.45 Ga plot close to the depleted 
mantle curve. Overall, the initial values form a 
broad array projecting toward lower εHf(i) with 
decreasing age.

Elk City Outlier

Samples collected from a megacrystic grano-
diorite pluton of the early metaluminous suite 
near Elk City, between the Atlanta and Bitter-
root lobes, have a unique unimodal inherited age 
signature with a peak at ca. 1.38 Ga (weighted 
mean 207Pb/206Pb of 1381 Ma) defi ned by all but 
two analyses (Figs. 3, 4, and 6). Zircons have 
εHf(i) between +10 and –2 (Fig. 7).

Bitterroot Lobe

The Bitterroot lobe is similar to the northern 
Atlanta lobe in that it contains a wide spectrum 
of Proterozoic inherited zircon ages but differs 
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Figure 3. Composite Tera-
Wasserburg diagrams showing 
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the batholith described in the 
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in having a narrower range of ages, between 
1.90 Ga and 1.35 Ga (Figs. 3 and 4). This 
heterogeneous age distribution is a character-
istic of many individual samples as well as of 
the Bitterroot lobe as a whole. Within the age 
range, there is a large peak between 1.8 and 1.7 

Ga and a smaller, less distinct peak between 1.5 
and 1.4 Ga.

The Proterozoic Bitterroot zircon cores have 
a range of initial epsilon values (Fig. 7), mostly 
positive and plotting close to the depleted 
mantle  curve.

DISCUSSION

The interpretation of inherited zircon age 
data requires answering the question of whether 
the inherited zircons are “igneous,” in the sense 
that they were incorporated into magma from 

Pioneer MCC
~695 Ma orthogneiss
~2.60-2.70 Ga orthogneiss

House Mountain MC
726 Ma orthogneiss
~2.55 Ga orthogneiss

xenoliths
2.57 Ga

650 to 660 Ma 
plutons

685 Ma volcanics

xenoliths
peaks at 2.50-2.60, 2.75, and 3.20 Ga
one >3.50 Ga core

xenoliths
peaks at 2.76, 2.90, 
and 3.10 Ga

Lewis and Clark line

0.704/0.706 isopleth
Salmon River
suture zone

Bitterroot lobe domain

Elk City domain

Northern Atlanta 
lobe domain

Southern Atlanta 
lobe domain

Albion Mountains
2.53 Ma orthogneiss

Clearwater complex
1.86 and 2.67 Ga 
orthogneisses 
1.79 Ga anorthosite

Priest River MCC
2.67 and 1.58 Ga orthogneisses

Legend

 ID batholith - Atlanta peraluminous suite

Neoproterozoic and Cambro-Ordovician 
plutons 

Eocene Challis plutons

Late Archean basement

Paleoproterozoic anorthosite

Paleoproterozoic basement and with 
intermixed Late Archean components

Mesoproterozoic post-Belt intrusions

Neoproterozoic Windermere sediments

ID batholith - early metaluminous and 
border zone suites

Mesoproterozoic Belt and Lemhi Supergroups

100 km0 

Snake River Plain

0

10

20

30

40

0 1000 2000 3000 4000

N
um

be
r

Relative probability

Bitterroot lobe

0

5

10

15

0 1000 2000 3000 4000

N
um

be
r

Relative probability

Elk City

0

5

10

15

0 1000 2000 3000 4000

N
um

be
r

Relative probability

Central and northern Atlanta lobe

Southern Atlanta lobe

0

10

20

30

40

50

60

0 1000 2000 3000 4000

N
um

be
r

Relative probability

Age (Ma)

ID batholith - Bitterroot peraluminous
 and late metaluminous suites  

Boise

Figure 4. Simplifi ed geologic map of the Idaho batholith, Challis intrusions, and Precambrian rocks in Idaho, showing sample locations (black 
dots) and composite age histograms–relative probability density plots for the four distinct sectors described in the text. Priest River metamor-
phic core complex (MCC) ages are from Doughty et al. (1998); Clearwater complex ages are from Doughty and Chamberlain (2007), Brewer 
et al. (2008), and Lewis et al. (2011); Neoproterozoic volcanic and plutonic ages are from Lund et al. (2003, 2010); House Mountain metamor-
phic complex ages are from Alexander (2007) and Schmitz (2011); Pioneer Mountains metamorphic core complex ages are from Durk (2007); 
xenolith ages are from Wolf et al. (2005); and Albion Mountains age is from Egger et al. (2003) and Strickland et al. (2011). ID—Idaho.

 on December 4, 2013gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/
http://gsabulletin.gsapubs.org/


Gaschnig et al.

80 Geological Society of America Bulletin, January/February 2013

the igneous  parent rock in which they origi-
nally crystallized, or “detrital,” in which case 
they were detrital zircons incorporated into the 
magma from metasedimentary rocks. Here, we 
argue that the inherited zircons in the southern 
Atlanta lobe and Elk City areas are from an ig-
neous or metaigneous source, while inheritance 
in the northern Atlanta lobe and Bitterroot lobe 
largely comes from detrital zircons incorporated 
from metasedimentary rocks.

Origin and Signifi cance of Inheritance in 
the Southern Atlanta Lobe

The sharp inherited zircon age peak at 2.55 Ga 
is likely derived from an igneous or metaigne-
ous basement source, based on several pieces 
of evidence. First, rocks of this age are known 
in southern Idaho. Metaigneous lower-crustal 
xenoliths recovered from Pliocene Snake River 
Plain lavas at Square Mountain (Leeman et al., 
1985) (Fig. 4), immediately southeast of the 
Atlanta lobe, contain a single zircon age peak 
indistinguishable from the 2.55 Ga inheritance 
peak reported here (Wolf et al., 2005). Other 
xenolith localities further east also contain 
zircon ages that overlap with the 3.5–3.0 Ga 
cores that were encountered in two samples 
(Wolf et al., 2005). A further link between the 
inherited zircons and the xenoliths is the over-
lapping Hf isotopic compositions for both the 
2.55 Ga and older Archean zircons (Dufrane 
et al., 2007) (Fig. 7). In addition to their pres-
ence in the subsurface, exposed Neoarchean 
rocks have also been recently identifi ed in the 
form of a ca. 2.7–2.6 Ga orthogneiss in the Pio-
neer Mountains metamorphic core complex 
(Fig. 4), just east of the southern Atlanta lobe 
(Durk, 2007), and ca. 2.55 Ga orthogneiss in 
the House Mountain metamorphic complex 
near Boise (Schmitz, 2011).

The sharp Neoproterozoic age peak may 
also represent zircon derived from metaigne-
ous rocks. Orthogneisses and plutons with ages 
of 726–650 Ma, along with volcanic rocks 
inter bedded with Windermere metasedimen-
tary rocks, have been recognized in central and 
southern Idaho (Lund et al., 2003, 2010; Fanning 
and Link, 2004; Alexander, 2007; Durk, 2007).

Further evidence for an igneous origin of the 
inherited zircons is the lack of candidate clastic 
sedimentary rocks with the necessary detrital 
zircon age spectra. In particular, the Neo protero-
zoic age peak precludes the Mesoproterozoic 
Belt Super group rocks and is rare-to-absent 
in the detrital age spectra of characterized re-
gional Paleozoic rocks (Soreghan and Gehrels, 
2000; Lemieux et al., 2007; Mueller et al., 2008; 
Baar, 2009). The Neoproterozoic peak appears 
in certain Windermere sediments but is almost 
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always volumetrically minor compared to the 
great abundance of Mesoproterozoic and Paleo-
protero zoic grains (Lund et al., 2008; Lewis et al., 
2007, 2010). These Mesoproterozoic and Paleo-
proterozoic ages, however, are quite rare among 
in herited cores in the southern Atlanta lobe.

The presence of Archean inheritance in the 
southern Atlanta lobe strongly suggests that 
the Archean basement beneath the Snake River 
Plain extends to the north beneath the Idaho 
batholith as far as ~44.2°N latitude (Fig. 4). This 
interpretation is further supported by existing 

whole-rock 143Nd/144Nd and 207Pb/206Pb ratios  
from the batholith and spatially overlapping 
Challis intrusions (Fig. 8). These ratios shift to 
lower and higher values, respectively, south of 
this parallel, suggesting the presence of an older 
(Archean ) crustal source under the southern 
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Atlanta lobe. The age of basement to the north 
remains uncertain due to the heterogeneous na-
ture of zircon inheritance in the northern Atlanta 
lobe (see following), but the whole-rock isotopic 
shift in Idaho batholith and Challis rock suites 
suggests a younger (i.e., Proterozoic) terrane to 
the north. Interestingly, the 44.2°N parallel in the 
western Idaho batholith tends to coincide with 
the northeast-trending Eocene trans-Challis fault 
system and Boise Basin dike swarm, which are 
thought to refl ect the reactivation of the Great 
Falls tectonic zone (Bennett, 1986), a nearly 
coincident feature based on aeromagnetic data 
(Sims et al., 2005). As a result of these obser-
vations, the northern boundary of the Archean 
basement probably trends northeast-southwest 
rather than east-west. The placement of the 
Archean  inheritance signal in samples almost as 
far west as Boise is also signifi cant, in that it pro-
vides some evidence that the Archean crust ex-
tends to the Precambrian continental margin, as 
defi ned by the 87Sr/86Sr(i) = 0.706 isopleth (e.g., 
Armstrong et al., 1977).

Small numbers of Early Cretaceous and Late 
Jurassic inherited zircons were observed in 
some samples from the southern Atlanta lobe. 
We interpret these ages to be the result of pre-
exist ing intrusions that were melted by later 
Idaho batholith and Challis magmatism. This 

hypothesis is given support by the recent dis-
covery of a Jurassic quartz diorite at House 
Mountain near Boise (Alexander, 2007). An 
alternative explanation for inherited zircons of 
this age is that their protoliths are igneous rocks 
found in the Blue Mountains province, a collage 
of accreted island-arc terranes to the west of the 
Idaho batholith. The tectonic underthrusting 
of a slab of Blue Mountains crust below rocks of 
North American affi nity in the Orofi no area to 
the north (Lund et al., 2008) provides a poten-
tial explanation for the presence of the Early 
Cretaceous and Late Jurassic inherited zircons. 
This interpretation seems unlikely, however, be-
cause the negative εHf(i) of the zircon xenocrysts 
(Fig. 7) requires an older continental source.

Origin and Signifi cance of Inheritance in 
the Bitterroot and Northern Atlanta Lobes

Samples from the Bitterroot lobe and north-
ern Atlanta lobe individually and collectively 
contain a highly heterogeneous distribution of 
inherited zircon ages (Fig. 4). While it is im-
possible to completely rule out the derivation 
of these different age components from a col-
lage of differently aged metaigneous source 
lithologies, local metasedimentary rocks with 
the requi site detrital zircon age spectra are avail-

able, and we consider derivation of inheritance 
from these rocks to be a simpler and prefer-
able explanation. We argue that the source of 
the inherited zircons in the Bitterroot lobe is 
metasedimentary rock from the Mesoprotero-
zoic Belt Supergroup, which forms an envelope 
surrounding the lobe and in some localities is 
migmitized or partly disaggregated and incorpo-
rated into the Bitterroot peraluminous granites 
(Bittner, 1987). The most compelling argument 
for this interpretation is the close similarity of 
the Bitter root inherited zircon spectrum to the 
detrital zircon spectra of much of the Meso-
protero zoic Belt Supergroup (Fig. 9), particu-
larly portions such as the Piegan Group (after 
Winston, 2007), which is dominated by ca. 1.8–
1.4 Ga zircons with comparatively few Archean 
grains (Ross and Villeneuve, 2003; Lewis et al., 
2007; Link et al., 2007) and is exposed promi-
nently adjacent to the Bitterroot lobe. At present, 
the only published zircon Hf isotope data for 
Belt detrital zircons is from the Missoula Group 
and correlative rocks in southeastern Idaho and 
southwestern Montana (Stewart et al., 2010), 
which have subtle differences in the position of 
their age peaks, preventing a direct comparison 
to the Bitterroot inherited cores (Fig. 7).

The strong match between the inherited zir-
con spectrum of the Bitterroot lobe and the Belt 
Supergroup suggests that no new information 
about the crystalline basement in the area can be 
determined from the Bitterroot lobe using this 
methodology. This interpretation stands in some 
contrast to Foster and Fanning (1997), who also 
determined the age of inherited zircons in the 
Bitterroot lobe. Although Foster and Fanning 
(1997) observed a similar level of complex-
ity in zircon inheritance and admitted that this 
might refl ect the role of Belt rocks as a source 
for the granites, they emphasized the unimodal 
age spectra at ca. 1.80–1.75 Ga in some of their 
samples and considered this to represent a true 
basement age. In our view, the prominence of 
the 1.80–1.75 Ga detrital zircon age range in 
much of the Belt Supergroup provides an al-
ternate explanation for apparently unimodal 
age spectra in small data sets. While whole-
rock geochemical constraints (Gaschnig et al., 
2011) lead us to the conclusion that the primary 
source of the Bitterroot peraluminous suite was 
Paleoproterozoic and/or Neoarchean basement 
equivalent to what is exposed in the Clear water 
complex (Fig. 4), we interpret the inherited zir-
con age spectrum to have been acquired from 
relatively small proportions of Belt Supergroup 
rocks that were either assimilated at or near the 
level of emplacement or interlayered with base-
ment orthogneisses in the source region. In this 
scenario, the inheritance does not directly re-
fl ect crystalline basement ages, in contrast to the 
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liths are from Goodge and Vervoort (2006), Dufrane et al. (2007), and Stewart et al. (2010), 
respectively. Error bars represent 2σ standard error.
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southern Atlanta lobe, and therefore provides no 
new information on the posited Selway terrane 
(Foster et al., 2006).

The heterogeneous inherited zircon age 
spectra of samples from the northern Atlanta 
lobe strongly suggest that the inherited zircons 
were also derived from metasedimentary rocks. 
Differences between the northern Atlanta and 
Bitterroot age spectra, however, negate the Belt 
Supergroup as the source for the former. The 
Belt Supergroup is considered to be no younger 
than 1.38 Ga (e.g., Evans et al., 2000), and the 
northern Atlanta lobe contains inherited zircons 
with ages between 1.3 and 1.0 Ga and as young 
as 680 Ma. The presence of these, in addition 
to the older Mesoproterozoic and Paleoprotero-
zoic ages, is consistent with the detrital zircon 
age spectra of many Neoproterozoic metasedi-
mentary rocks present in the area (Lewis et al., 
2007, 2010), which are correlative with the 
Windermere Supergroup and contain inter-
bedded volcanics (Lund et al., 2003). The one 
diffi culty with this interpretation is the presence 
of two Ordovician zircon cores in one sample 
(07RMG13). Since plutons of this age are pres-
ent locally just east and north of the northern 
Atlanta lobe (Lund et al., 2010), it is conceiv-
able that the inherited zircons in this sample 
were derived from a mixture of Neoprotero-
zoic metasedimentary rock and Ordovician 
plutonic rock.

Origin of Mesoproterozoic Inheritance 
around Elk City

Our interpretation of the single sharp inheri-
tance age peak at 1.38 Ga seen in the ca. 92 Ma 
megacrystic granodiorite around Elk City is 
straightforward. Augen gneisses with an identi-
cal age and A-type granite characteristics simi-
lar to extensive age-equivalent rocks in southern 
Laurentia form a discontinuous envelope sur-
rounding the Cretaceous granodiorite (Doughty 
and Chamberlain, 1996). These augen gneisses 
are likely the sources of the inheritance. This 
interpretation is further supported by the unusu-
ally radiogenic Sr isotopic composition (Criss 
and Fleck, 1987; Gaschnig et al., 2011) of the 
granodiorite, relative to similar units to the south, 
which can be matched to augen gneisses. Fur-
thermore, the Hf isotopic composition of the 
1.38 Ga cores (Fig. 7) overlaps with the broader 
A-type granite province in southern Laurentia 
(Goodge and Vervoort, 2006).

Precambrian Terrane Architecture

The new data presented here, combined with 
data from the literature, can be used to construct 
an updated model for the Precambrian terrane 
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topic composition is more heavily dominated by the crustal contribu-
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framework of this portion of the Cordillera (Fig. 
10). There are three key fi ndings of our work 
that we discuss in order: (1) Archean crust ex-
tends well north of the Snake River Plain and 
as far west as the 0.706 isopleth line; (2) Neo-
protero zoic syn-Windermere magmatic rocks 
are more extensive than previously realized in 
this region; and (3) inheritance in the Bitterroot 
lobe and northern Atlanta lobe represents pri-
marily supracrustal elements and provides little 
unambiguous information about the crystalline 
basement there.

Our data suggest that Archean lithosphere, 
presumably of the Grouse Creek block (Foster 
et al., 2006), extends to the continental margin 
and occurs beneath the entire southern part of 
the Atlanta lobe. Consequently, an equivalent 
conjugate block should be present in the con-
tinental mass that was previously docked to 
western Laurentia in the Rodinian super conti-
nent. The Archean crustal block, intruded by 
Mesoproterozoic and Neoproterozoic plutons 
and volcanics, with a Paleoproterozoic terrane 
and another Archean terrane to the north, might 
provide a unique piercing point with the now-
removed continental lithosphere that bordered 
western Laurentia in Rodinia.

Hf isotopic analyses also indicate traces of 
pre-3.5 Ga material in the Archean crust below 
the Atlanta lobe. Negative εHf(i) signatures of 
Archean zircon cores in the Atlanta lobe, along 
with zircons from Archean xenoliths erupted 
with Snake River Plain lavas (Dufrane et al., 
2007), indicate that both the dominant 2.55 Ga 
peak and the scattered 3.5–3.0 Ga components 
of the Grouse Creek block represent the par-
tial recycling of even older crust (Fig. 7). This 
characteristic of the Grouse Creek block is also 
shared with the Wyoming Province, which has 
yielded ca. 4.0 Ga Nd and Pb model ages and 
detrital zircons U-Pb ages (e.g., Wooden and 
Mueller, 1988; Frost, 1993; Mueller et al., 1998), 
suggesting that the two terranes may have shared 
an early history (e.g., Foster et al., 2006).
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Figure 9. Histograms and probability den-
sity plots comparing cumulative Bitterroot 
zircon inheritance data presented here to 
Belt Supergroup detrital zircon spectra. 
(A) Bitter root inheritance. (B) Detrital zir-
con spectrum of a Belt Piegan Group sam-
ple north of the Bitterroot lobe (Lewis et al., 
2007). (C) Composite of several samples 
from the Lemhi subbasin of central Idaho 
and neighboring Montana, interpreted to 
be correlative with the Piegan Group or 
possibly the lower Missoula Group (Link 
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Neoproterozoic syn-Windermere magmatism 
was more extensive than previously thought in 
this region, as demonstrated by the abundance 
of Neoproterozoic zircon cores in the southern 
Atlanta  lobe, coupled with the recently recog-
nized age-equivalent bedrock exposures in south-
ern and central Idaho (Lund et al., 2003; Fanning 
and Link, 2004; Alexander, 2007; Durk, 2007; 
Lund et al., 2010). Unradiogenic Hf isotope sig-
natures for these cores suggest that Windermere 
magmatism involved older crust. For instance, ju-
venile mantle magmas related to rifting may have 
interacted with Archean or Paleoproterozoic crust 
to yield a hybrid Hf isotopic signature.

Inherited zircons from the Bitterroot lobe and 
northern Atlanta lobe do not appear to provide 
any unambiguous information on the base-
ment. From the exposed bedrock north of the 
Idaho batholith, we know that Paleoproterozoic 
basement is indeed present and intercalated or 
imbricated with Neoarchean rocks that are age 
equivalent to the Archean Priest River basement 
(Doughty and Chamberlain, 2007; Brewer et al., 
2008; Lewis et al., 2011), and this provides our 
best hard constraint on the crystalline basement 
in north-central Idaho. It remains unclear, how-
ever, whether this terrane extends beneath the 
entire Bitterroot and northern Atlanta lobes.

CONCLUSIONS

In situ geochronology of inherited zircon 
from plutons may provide information on 
magma sources and obscured basement rocks, 
but caution must be exercised when interpret-
ing such data. A bimodal inherited age spec-
trum occurs in the southern Atlanta lobe of the 
Idaho batholith, with peaks at ca. 2.55 Ga and 
ca. 680 Ma. These ages can be directly corre-
lated with known exposed rock, implying that 
the inheritance is derived from metaigneous 
material and that Neoproterozoic and Archean 
rocks are much more extensive in the subsur-
face. Consequently, the Archean lithosphere 
extends further north than previously thought 
and as far west as the continental margin. Hf 
isotopic data from inherited Neoarchean and 
Mesoarchean cores also provide evidence for 
the existence of pre-3.5 Ga crust, as has also 
been suggested for the neighboring Wyoming 
Province. This suggests a potential link be-
tween the two terranes.

In contrast, the northern Atlanta and Bitter-
root lobes have a continuum of Proterozoic 
ages, which match well with the detrital zircon 
age spectra of Neoproterozoic Windermere and 
Meso protero zoic Belt Supergroup rocks, sug-

gesting inheritance comes from metasedimentary 
rocks and thus provides no new unambiguous in-
formation on crystalline basement ages.
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