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Abstract. Strikingly similar Late Mesoproterozoic strati- Frost et al., 1998; Ernst et al., 2000). Because of its large
graphic sequences and correlative U-Pb detrital-zircon agesize and rich geological and paleontological heritage, the
may indicate that the Sette Daban region of southeasternorrect reconstruction of the Siberian-North American cra-
Siberia and the Death Valley region of southwestern Northton would constrain numerous ancillary problems in Earth
America were formerly contiguous parts of a Grenville fore- science, ranging from the origin and dispersal of metazoans
land basin. The Siberian section contains large numberge.g. Bowring et al., 1993) to the long-term behavior of the
of detrital zircons that correlate with Grenville, Granite- magnetic field (e.g. Kirschvink et al., 1997).

Rhyolite, and Yavapai basement provinces of North Amer- The reconstruction of Sears and Price (2003) tightly fits
ica. The sections in both Siberia and Death Valley exhibitthe eastern Siberian craton against the western North Ameri-
west-directed thrust faults that may represent remnants ofan craton, and connects several Proterozoic piercing points
a Grenville foreland thrust belt. North American detrital- between the two cratons (Fig. 1). The reconstruction aligns
zircon components do not occur in Siberian samples above hingelines and Neoproterozoic isopachs of the Sette Da-
~600 Ma breakup unconformity, suggesting that rifting andban basin of southeastern Siberia and the southwestern
continental separation blocked transfer of clastic sedimenCordilleran miogeocline. It predicts that the Sette Daban
between the cratons by 600 Ma. Faunal similarities suggestasin of Siberia (Khudoley et al., 2001) was contiguous with
however, that the two cratons remained within the breedingDeath Valley. We undertook joint Russian-American excur-
ranges of Early Cambrian trilobites and archeocyathans.  sions to Sette Daban and Death Valley to compare the lithos-
tratigraphy of these basins, and collected specimens for de-
trital zircon U-Pb age dating. We separated detrital zircons
from sandstone samples and used standard techniques to U-
Pb date them at the Stanford University-US Geological Sur-
Close similarities in Siberian and North American base- V€Y SHRIMP facility and at the LAICPMS facility at Wash-
ment provinces suggest that these cratons may have occlf9ton State University. We analyzed selected grains at both
pied contiguous parts of a Proterozoic supercontinent pefacilities and found th<_':1t the two_technlques gave equal_ent
fore the Siberian craton drifted away to become embedded i’ P-Pb ages at the 2-sigma confidence level. Our conclusions
the Eurasian landmass. For nearly 30 years geologists hav&re Pased on 780 detrital-zircon grains with Pb-Pb ages that

however, disagreed upon the exact linkages of these craton¥/€r€<10% discordant. See MacLean (2007) for full tabula-

and have published a bewildering array of Proterozoic conions of our geochronological data.

tinental reconstructions (Sears and Price, 1978, 2003; Hoff- Our results suggest that matching sequences of Mesopro-

man, 1991: Condie and Rosen, 1994: Rainbird et al., 1998§erozoic strata in Sette Daban and Death Valley may have
been deposited within a single intracratonic basin. Our re-

sults further suggest that the basin may have rifted in Late
Correspondence tal. W. Sears Neoproterozoic time, after which detrital zircons did not
BY (james.sears@umontana.edu) cross between the Siberian and North American cratons.
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Fig. 1. Proterozoic connection between Siberian and North American cratons after Sears and Price (2003). Death Valley restores against
Sette Daban basin of Siberia. Gray arrows show possible transport of sediment down rift from Grenville, Granite-Rhyolite, and Yavapai
basement provinces to Sette Daban basin, where correlative detrital zircons were found, for example in Siberian sample MLS-1 (inset).
Small black arrows identify trough axis at margin between reconstructed continents. Death Valley and White-Inyo positions (black spots)
restored after Levy and Christie-Blick (1993). Sette Daban isopachs after Khudoley et al. (2001). Transitional crust shown in inset after
Khudoley and Prokopiev (2007).

2 Lithostratigraphic matches dolomite, capped by remarkably similar beds of branching
stromatolites. The overlying Bik Formation of the lower
The Mesoproterozoic basins of Sette Daban and Death ValleKerpyl Group matches the upper part of the Crystal Spring
contain remarkably similar lithostratigraphic sequences, al+ormation. Each overlies a karstified surface and locally
though the Sette Daban section is approximately three time#cludes dm-thick beds of distinctive conglomerate at the
thicker (Fig. 2). The pertinent part of the Siberian sectionbase, with pebbles of blue quartz and dolomite, succeeded
includes, from the base up, the Aimchan, Kerpyl, Lakhanda by blocky-fracturing, trough-crossbedded quartzite, and red
and Uy groups (Khudoley et al., 2001). Its North American shale with thin white quartzite beds.
counterpart comprises, from the base up, the Crystal Spring, The upper Kerpyl and Lakhanda groups meticulously
Beck Spring, and lower Kingston Peak (KP1 of Prave, 1999)match western facies of the Beck Spring Formation that
formations of the Pahrump Group (Link, 1993). are exposed in the Ibex Hills of southwest Death Valley.
The Aimchan Group closely resembles the lower partBoth sections consist of five or six variegated siliciclastic-
of the Crystal Spring Formation; both have basal trough-dolomite cycles that are each made up of numerous smaller
crossbedded sandstone and conglomerate overlain by red/cles. In each section, a typical cycle begins with yellow-
shale and pinkish-orange weathering, cherty, stromatolitioweathering, grey shale, followed in order by yellow or
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orange-weathering laminated dolomite, grey microlaminated
dolomite, and black, bituminous, microlaminated and stro- g
matolitic dolomite. The Death Valley section includes mica- N . 8
. eoproterozoic 35 1.0 -0.95 Ga
ceous and feldspathic sandstone at the bases of some cycles. = (syn-dep. sills)
The eastern facies of both sections include thick dolomite 100 m
characterized by solution-collapse breccias and distinctive 2— G g"zss h = : 04/0@7{0
3-m tall microbial mounds with flanking roll-up slump struc- iy %pgo%)
tures and breccias. This facies characterizes the Beck Spring — Aofoo/\
Formation in the Alexander Hills and Kingston Range of the Vari q o v = ’7’47"
Death Valley region (Abolins et al., 2000). Sﬁizi?::‘;c Sln 2 2
The Lakhanda Group grades upward into the Uy Group, dolomite cycles % N ~
a kms-thick grey shale and sandstone succession. The Beck — -
Spring Formation passes up into similar grey shale and sand- bl iicia Nl
stone of the transition beds of the lower Kingston Peak oA 1025 Ma\ VS
Formation (KP1) that Prave (1999) considers related to the P (j_b_-P b) )
Beck Spring depositional cycle. Both the Siberian and west- g .- | bituminous =
ern Death Valley sections were locally deformed by west- dolomite breccia = 1043 Ma  awiud 5| o
directed thrust faults and folds prior to Late Neoproterozoic. _ — Q__b'P b) e 213
These were reported by Khudoley and Guriev (2003) in the Grey sh & § S [ == oo
Sette Daban basin. We observed west-directed thrusts within orange dol| © = ® g
the Beck Springs-KP1 section in the Ibex Hills that are over- Redsh & sl 2
lain with angular unconformity by Kingston Peak diamictite white ss ~ T"; E
(KP2 of Prave, 1999). These structures may record contrac- 1 93 g3 (dz) o [ >C<L
tion in a Grenville foreland basin (e.g. Sears and Price, 2003; Congl : -
Timmons et al., 2005). S tromatolitic e o~
The Sette Daban and Death Valley Mesoproterozoic sec- dolomite s { 1. =
tions are overlain above a breakup unconformity by 10— o R sl =
15km thicknesses of Late Neoproterozoic to Triassic de- (;u T S x
posits that accumulated response to subsidence of passive Trough glck «;_J;;/;; g
continental margins (Evenchick et al., 2007; Khudoley and xbed'ss | £ |3 Iy I
Guriev, 2003). In Siberia, the passive margin deposits de- . :é':
fine the Verkhoyansk miogeocline, and in North America, [led) el
they define the Cordilleran miogeocline. In Sette Daban, <1.37 Ga BASEMENT UNCONFORMITY
the. mi_ogeoclinal deposits begin with the Yudoma Group, Sette Daban Death Valley
which is younger than a 647 Ma stock (Khudoley et al., 2007 Siberia

and references therein), and pass upward into Early Cam-

brian beds (Fedonkin, 1992). In southwestern North Amer-gig. 2. Comparative Mesoproterozoic stratigraphy of Sette Da-
ica, the sequence begins with the 700-600 Ma (?) Kingstorban and Death Valley regions. Sette-Daban section and ages af-
Peak diamictite, which accumulated in a rift system (Praveter Khudoley et al. (2001, 2007) and references therein. Death
1999). The overlying siliciclastic-carbonate wedge includesValley section after Wright et al. (1976) and unpublished data
the Noonday, Johnnie, Stirling, Wood Canyon, and Zabriskiefrom Ibex Hills section measured by authors. Formation ab-
formations in Death Valley, and the Wyman, Reed, Deepbrevia_tions: Mu=Muskel, Mal=Malgin, Tsip:_Tsipanda, V=Vil,
Spring, Campito, and Poleta formations in the White-Inyo E=Eldikan, S=Salar, G=Gren, Xal=Crystal Spring.

region, deposited from late Neoproterozoic to Early Cam-

brian (Stewart, 1972; Levy and Christie-Blick, 1991; Link,

1993).

Fossils of the Cordilleran and Verkhoyansk miogeoclinesfeldspathic sandstone. Carbon isotope patterns support cor-
include similar oncolites, Boxonia, Ediacaria, cloudiniids, relations of the sections (Corsetti and Kaufman, 2000). The
archeocyathans, and ollenellid trilobites (Fedonkin, 1992;southeast Siberian and southwest North American grand cy-
Signor et al., 1987; Hollingsworth, 2005). Both sections arecles evidently record correlative Neoproterozoic and Cam-
characterized by several Neoproterozoic-Cambrian grand cybrian eustatic sea level changes phased with synchronous
cles from clastic to carbonate sedimentary rocks (Gevirtzmarpassive continental-shelf subsidence. Both passive mar-
and Mount, 1986; Khudoley and Guriev, 2003); the basal twogin successions were deformed into orogenic belts begin-
cycles have massive oncolitic dolomite members, and the upning in Jurassic time (Evenchick et al., 2007; Khudoley and
per ones have distinctive cross-bedded sandy dolomite anBrokopiev, 2007).
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3 Detrital zircon links G GR Ald

Siberia
Southeastern Siberian basement exposed in the Aldan shiel al Basinai udoma Group
includes mainly 2100-1850 Ma ang2300 Ma provinces T

Basinal Uy Group
(Khudoley et al., 2007; Frost et al., 1998). Distinct bt R i
southwestern North American basement age-provinces in-

clude the 1250-1000 Ma Grenville, 1500-1350 Ma Granite-
Rhyolite, and 1850-1650 Ma Mojave, Yavapai, and Mazatzal il
provinces (Van Schmus and Bickford, 1993; Farmer et al., ARl
2005). Mojave province granites also contai#300 Ma zir-
con xenocrysts (Farmer et al., 2005) that are not distinguish-
able in age from those of the Aldan shield. Basinal Ushur Group

Kerpyl and Uy sandstones of the Sette Daban basin con- | = A R 300:“24 XOZ:;,PN&"»SG
tain large percentages of detrital-zircon grains that correlate Age (Ma)
with the North American Grenville, Granite-Rhyolite, and G GR MM
Mojave-Yavapai-Mazatzal basement provinces (Fig. 3). Fur- Laurentia ,\_J\

M

Basinal Kerpyl Group
X0423, TT2, n=100

Age Probability

4000

thermore, gaps in detrital-zircon ages coincide with age gaps
in southwestern North American source rocks (e.g. Farmer Ll
et al., 2005). Detrital-zircon age-spectra from the Mesopro-

Wyman Formation
terozoic Unkar Group of the Grand Canyon provide a useful w
reference for Laurentian provenance age domains (Timmons$ L M A SR
et al., 2005). The similarity coefficients (Gehrels, 2000) of A Coaston Pesk Formaton
the detrital-zircon age-spectra from Siberian samples with re- AN JsPRo301, J5DVO01, st
spect to the Unkar Group reveal a dramatic increase in sim-
ilarity upward in the stratigraphic section from the Aimchan

Deep Spring Formation

Probability

Group (0.255) to the Uy Group (0.835) (Fig. 4). Paleocurrent Crystal Sprng Formation
and provenance data indicate that the Uy Group sandstone e AL A A
were derived from east or southeast of the Siberian craton Age (Ma)

(Khudoley et al., 2001), consistent with sediment sources in
southwestern North America indicated by the reconstructedrig. 3. Detrital-zircon age probability graphs for Sette Da-
map (gray arrows in Fig. 1). The Uy Group records an in-ban and Death Valley regions. Highlighted provenance ter-
crease in lithic fragments (see Khudoley et al., 2001) in confanes:  G=Grenville, G-R=Granite Rhyolite, MYM=Mojave-
cert with the increasing North American detrital zircon com- Yavapai-Mazatzal, Ald=Aldan. MM-1 data from Rainbird et
ponent. al. (1998). ychur Group is Early Mesoproterozoic unit that locally
The increase in detrital zircons of possible southwesternunOlerlles Aimehan Group. Data from MacL.ean (2007).
North American provenance accompanied subsidence of the
Sette Daban basin at 1100 to 950 Ma (Khudoley et al., 2001).
That subsidence was punctuated by mafic magmatic activeharacteristic of Late Neoproterozoic sandstones of the
ity, approximately correlative with mafic magmatism in the Cordilleran miogeocline (e.g. Farmer et al., 2005). Figure 4
southwestern United States (Heaman and Grotzinger, 1992accentuates the abrupt decrease in the similarity coefficient
where it has been related to crustal extension in the Grenvillecross the breakup unconformity in Siberia, from 0.83 in the
foreland basin orthogonal to the Grenville front (Howard, Uy Group to 0.27 in the post-breakup Yudoma Group.
1991; Timmons et al., 2005). We suggest that an orthogonal We deduce that by Early Cambrian time, separation of
rift channeled sediment from the Grenville orogen, across exthe southeastern Siberian and southwestern North American
posed southwestern North American basement provinces toratons was sufficient to isolate segments of their rift mar-
the Sette Daban basin (Fig. 1). gins from intercontinental sediment-mixing. Clastic sedi-
By contrast, we found thak600 Ma-old miogeoclinal ment eroded from North America was trapped in kms-thick
sandstones from the Sette Daban basin lacked North Amermeposits on its new western continental shelf (Stewart, 1972),
ican detrital-zircon age suites (Figs. 3 and 4). This indi- but the southeastern Siberian shelf was largely covered with
cates sedimentary processes no longer transferred zircomarbonate and received only limited sand from its interior,
bearing sand from North America to Siberia. The Grenville, and virtually none from North America. However, we sug-
Granite-Rhyolite, and Mojave-Yavapai-Mazatzal peaks re-gest that the cratons remained close enough to allow transfer
main prominent for our miogeoclinal samples from the Deathof Early Cambrian fauna. For example, despite characteristic
Valley and White-Inyo regions (Kingston Peak, Stirling, endemism, the first trilobite to appear in North America
Wyman, and Deep Spring formations) and are generally
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