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ABSTRACT

The rotation model for the opening of 
the Canada Basin of the Arctic Ocean pre-
dicts stratigraphic links between the Alas-
kan North Slope and the Canadian Arc-
tic islands. The Katakturuk Dolomite is a 
2080-m-thick Neo protero zoic carbonate suc-
cession exposed in the northeastern Brooks 
Range of Arctic Alaska. These strata have 
previously been correlated with the pre–
723 Ma Shaler Supergroup of the Amund-
son Basin. Herein we report new composite 
δ13C profi les and detrital zircon ages that 
test this connection. We go further and use 
stratigraphic markers and a compilation 
of δ13C chemostratigraphy from around 
the world, tied to U-Pb ages, to derive an 
age model for deposition of the Kataktu-
ruk Dolomite. In particular, we report the 
identifi cation of ca. 760 Ma detrital zircons 
in strata underlying the Katakturuk Dolo-
mite. Moreover, a diamictite present at the 
base of the Katakturuk Dolomite is capped 
by a dark-colored limestone with peculiar 
roll-up structures. Chemostratigraphy and 
lithostratigraphy suggest this is an early-
Cryogenian glacial diamictite-cap carbonate 
couplet and that deposition of the Kataktu-
ruk Dolomite spanned much of the late Neo-
proterozoic. Approximately 500 m above the 
diamictite, a micropeloidal dolomite, with 
idiosyncratic textures that are characteris-
tic of basal Ediacaran cap carbonates, such 
as tubestone stromatolites, giant wave rip-
ples, and decameters of pseudo morphosed 

former aragonite crystal fans, rests on a 
silicifi ed surface. Chemostratigraphic cor-
relations also indicate a large increase in 
sedimentation rate in the upper ~1 km of 
the Katakturuk Dolomite and in the over-
lying lower Nanook Limestone. We suggest 
that the accompanying increase in accom-
modation space, along with the presence of 
two low-angle unconformities within these 
strata, are the product of late Ediacaran 
rifting along the southern margin of the 
North Slope subterrane. There are no strata 
present in the Amundson Basin that are 
potentially correlative with the late Neopro-
terozoic Katakturuk Dolomite, as the Cam-
brian Saline River Formation rests on the 
ca. 723 Ma Natkusiak Formation. Detrital 
zircon geochronology, chemostratigraphic 
correlations, and the style of sedimentation 
are inconsistent with both a Canadian Arc-
tic origin of the North Slope subterrane and 
a simple rotation model for the origin of the 
Arctic Ocean. If the rotation model is to be 
retained, the exotic North Slope subterrane 
must have accreted to northwest Laurentia 
in the Early to Middle Devonian.

Keywords: Neoproterozoic, snowball Earth, 
cap carbonates, Arctic Alaska terrane, Kat-
akturuk, Nanook, chemostratigraphy, detrital 
zircon geochronology, carbon isotope, oxygen 
isotope, glaciation.

INTRODUCTION

In his Alaskan orocline hypothesis, Sam 
Carey proposed that the Arctic Ocean opened 
as a sphenochasm complementary to the orocli-

nal bend of the northernmost Cordillera (Carey, 
1955, 1958). This was later refi ned to the rota-
tion model, which called for a Cretaceous 66° 
counterclockwise rotation of the Arctic Alaska–
Chukotka Plate (Fig. 1) away from the Cana-
dian Arctic islands about a pole in the Mack-
enzie River Delta (Hamilton, 1970; Grantz et 
al., 1979). While this model is the most widely 
accepted (for a review of the models, see Lawver 
and Scotese, 1990), the tectonic movements 
that precipitated the opening of the Arctic Basin 
remain controversial (Lane, 1997). This uncer-
tainty is due in large part to the paucity of mag-
netic anomalies in the Canada Basin, since much 
of the ocean crust was formed during the Cre-
taceous Long Normal Interval (Sweeney, 1985). 
Moreover, paleomagnetic constraints are com-
plicated by pervasive mid-Cretaceous overprints 
in the Brooks Range (Hillhouse and Grommé, 
1983). Yet all is not lost, for Neoproterozoic and 
Paleozoic sequences on the Arctic margins pro-
vide geologic tests of the rotation model.

The Katakturuk Dolomite is a 2080-m-thick 
Neoproterozoic carbonate succession exposed 
in the northeastern Brooks Range of Arctic 
Alaska (Fig. 1). The rotation model predicts 
that these strata are a northern extension of 
pre–723 Ma “Succession B” intracratonic 
deposits of northwestern Laurentia (Rainbird 
et al., 1996), such as the Shaler Supergroup of 
Victoria Island (Young, 1981), the Little Dal 
Group in the Mackenzie Mountains (Aitken, 
1981), and the Lower Tindir Group of Yukon-
Alaska border area (Young, 1982). Herein we 
report lithostratigraphic, chemostratigraphic, 
and geochronologic studies that test both this 
correlation with Laurentian strata and the rota-
tion model for the opening of the Arctic Ocean. 
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Furthermore, a redefi nition of the age of the 
Katakturuk Dolomite integrates this sequence 
into our understanding of environmental change 
in the terminal Neoproterozoic.

Neoproterozoic strata contain evidence of 
multiple low-latitude glaciations (Harland, 1964; 
Hambrey and Harland, 1981; Evans, 2000), the 
breakup of Rodinia and assembly of Gondwana-
land (Hoffman, 1991), the putative oxygenation 
of the deep oceans (Logan et al., 1995; Roth-
man et al., 2003; Fike et al., 2006), several high-
amplitude carbon-isotope excursions (Knoll et 
al., 1986; Burns and Matter, 1993; Halverson et 
al., 2005), the acanthomorphic acritarch radia-
tion (Grey et al., 2003; Grey, 2005), the rise 
and fall of the Ediacaran fauna (Glaessner and 
Wade, 1966; Cloud and Glaessner, 1982), and 
the advent of bilaterians and calcifying metazo-
ans (Grotzinger et al., 1995; Fedonkin and Wag-
goner, 1997; Martin et al., 2000). However, both 
relative and absolute age uncertainties preclude 
a better understanding of the origins and inter-
relationships of these events. In order to bridge 

this gap, integrated, high-resolution studies of 
Late Neoproterozoic–Cambrian successions 
are necessary, and where possible, new sections 
need to be added to the record of this tumultu-
ous period.

BACKGROUND

Neoproterozoic Carbon-Isotope 
Chemostratigraphy

Carbon-isotope records from marine carbon-
ate strata are widely used for global stratigraphic 
correlation (Knoll et al., 1986; Saltzman et al., 
2000; Halverson et al., 2005) and for studying 
the interplay between climate and biogeochemi-
cal cycling (Summons and Hayes, 1992; Zachos 
et al., 2001; Saltzman, 2005). Carbonate carbon 
isotopes are a particularly valuable proxy in 
the Neoproterozoic because of their resistance 
to alteration (Banner and Hanson, 1990; Veizer 
et al., 1999), the relative lack of calibrated bio-
stratigraphy (Knoll and Walter, 1992), and the 

unique isotopic variability of the era (Kaufman 
and Knoll, 1995; Halverson et al., 2005). Car-
bon-isotope records have played a central role 
in studies of Neoproterozoic climate extremes 
(Hoffman and Schrag, 2002), ocean carbon 
dynamics (Rothman et al., 2003; Hotinski et al., 
2004), carbonate production (Bartley and Kah, 
2004), and the end-Neoproterozoic extinction 
event (Amthor et al., 2003).

The Neoproterozoic represents one of only 
two periods in Earth history (the other being 
2.0–2.2 Ga) when the δ13C of carbonates devi-
ates strongly from 0 to 3‰ for long periods 
(Shields and Veizer, 2002), hovering around 5‰ 
for most of a 300-m.y. interval (Halverson et 
al., 2005). From this heavy baseline, there are 
several sharp, global, negative carbon-isotope 
excursions. The Rasthof (Yoshioka et al., 2003), 
Trezona (McKirdy et al., 2001; Halverson et 
al., 2002), and Maieberg (Kaufman and Knoll, 
1995; Kennedy, 1996; Hoffman et al., 1998b) 
isotope excursions are intimately associated 
with Neoproterozoic glaciations. A pronounced 
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Figure 1. Location and tec-
tonic map superimposed on 
the bathymetry of the Arctic 
Ocean, modifi ed and simpli-
fi ed from Johnston (2001), 
Moore et al. (1994), Persits and 
Ulmishek (2003), and Colpron 
et al. (2007), with the Arctic 
Alaska–Chukotka microplate 
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carbon-isotope excursion also occurs in the thin 
carbonate above the ca. 582 Ma Gaskiers gla-
cial diamictites (Myrow and Kaufman, 1999; 
Bowring et al., 2003); however, the relation-
ship between the Shuram excursion (Burns and 
Matter, 1993; Pell et al., 1993; Urlwin et al., 
1993) and glaciation is unclear (Condon et al., 
2005; Halverson et al., 2005). After the Shuram 
excursion, δ13C values return to a 0‰–3‰ base-
line, interrupted by the Precambrian-Cambrian 
boundary excursion (Amthor et al., 2003). 
When taken in geological context, with an eye 
for alteration and major hiatuses, these distinct 
isotopic anomalies and intervals permit robust 
stratigraphic correlations where paleontological 
constraints are scant.

Geological Background

The Neoproterozoic Katakturuk Dolomite 
and Cambrian-Ordovician Nanook Limestone 
form the backbone of the Shublik and Sadle-
rochit Mountains of the northeastern Brooks 
Range (Dutro, 1970). The Katakturuk Dolomite 
is also exposed to the southeast near Kikitak 
Mountain, with possible deep-water correlatives 
in the Third and Fourth Ranges (Fig. 2) and to 
the east between the Aichilik and Kongakuk 
Rivers (Reiser, 1971). Present exposures are the 
product of Paleogene north-vergent thrusting 
(Wallace and Hanks, 1990) related to accretion 
of the Yakutat block in southern Alaska (Moore 
et al., 1997; Fuis et al., 2008).

Anatomy of the Arctic Alaska–Chukotka 
Microplate

The Arctic Alaska–Chukotka microplate is 
a composite block of Alaskan subterranes that 
occupy the Brooks Range, the North Slope, and 
the Seward Peninsula (Fig. 1), along with the 
portion of the Chukotka Peninsula of Siberia 
that lies northeast of the South Anyuy suture 
zone (Churkin and Trexler, 1980; Rowley and 
Lottes, 1988; Miller et al., 2006). Some authors 
also combine the Arctic Alaska–Chukotka 
microplate with the Wrangel and New Sibe-
rian Islands and submerged continental crust 
in the Arctic to form the hypothetical Arctidia 
continent (Zonenshain et al., 1990; Sengor and 
Natal’in, 1996). The Alaskan portion of the 
Arctic Alaska–Chukotka microplate consists of, 
from the autochthon in the north to allochtho-
nous sections south, the North Slope subterrane, 
the Endicott Mountains subterrane, the Ham-
mond subterrane (including the Coldfoot, De 
Long Mountains, and Slate Creek subterranes), 
and the Angayucham subterrane (Moore et al., 
1994). While it is generally assumed that the 
Arctic Alaska–Chukotka microplate is a frag-
ment of continental crust, crystalline basement 

has only been identifi ed in the Hammond sub-
terrane and the Seward Peninsula, which are 
cored with Neoproterozoic orthogneiss (Patrick 
and McClelland, 1995). The “basement” of 
the North Slope subterrane is composed of the 
phyllite and quartzite of Old Grungy Mountain 
(Reiser et al., 1980) and the presumed Neopro-
terozoic equivalent in the Sadlerochit Moun-
tains (Robinson et al., 1989), which underlies 
the Mount Copleston volcanics (Moore, 1987) 
and the Katakturuk Dolomite. The oldest rocks 
that have been identifi ed in the Endicott Moun-
tains subterrane are middle Paleozoic siliciclas-
tic rocks, while the Angayucham subterrane is 
underlain by late Paleozoic-Mesozoic volcanics 
(Moore et al., 1994).

The North Slope subterrane is also distin-
guished from the other Arctic Alaska–Chu-
kotka microplate subterranes in having expe-
rienced Silurian–Early Devonian deformation 
(Sweeney, 1982). Pre-Mississippian deforma-
tion appears to have been south-vergent (Oldow 
et al., 1987) and did not affect the Doonerak 
fenster or any of the other Arctic Alaska–Chu-
kotka microplate terranes (Julian and Oldow, 
1998), yet the tectonic origin of this contrac-
tional event has not been established (Moore 
et al., 1994). Furthermore, the North Slope 
subterrane and the rest of the Arctic Alaska–
Chukotka microplate are separated by early 
Paleozoic ocean-island basalts in the Franklin 
Mountains (Moore, 1987) and arc volcanics in 
the Doonerak fenster (Julian and Oldow, 1998). 
A suture between the North Slope subterrane 
and the rest of the Arctic Alaska–Chukotka 
microplate may be marked by low-amplitude 
magnetic anomalies in the southern North 
Slope (Grantz et al., 1991), and by a change in 
the aeromagnetic and gravity fabrics across the 
southern margin of the North Slope subterrane 
(Saltus and Hudson, 2007). The age of this 
putative suture and to what degree the Arctic 
Alaska–Chukotka microplate subterranes have 
a shared Neoproterozoic and Paleozoic history 
are unclear. Equivalents of the Endicott Group 
and Carboniferous-Permian carbonates of the 
overlying Lisburne Group have been identifi ed 
on the North Slope, Endicott Mountains, and 
Hammond subterranes, suggesting that these 
pieces had amalgamated by at least the late 
Paleozoic on a south-facing (present coordi-
nates) passive margin (Moore et al., 1994).

The Brookian Orogeny began in the Late 
Jurassic and Early Cretaceous with the accre-
tion of Paleozoic and Mesozoic seamounts 
and arcs, including the Angayucham terrane, 
on the southern margin of the Arctic Alaska–
Chukotka microplate (Mayfi eld et al., 1988). 
Meanwhile on the northern margin, many of 
the models for the opening of the Arctic call 

for contemporaneous Early Cretaceous rift-
ing (Grantz and May, 1983). Deformation 
progressed from south to north in the Arctic 
Alaska–Chukotka microplate culminating in 
the northeastern Brooks Range with Paleogene 
north-vergent thrusting and a cumulative short-
ening of 46%–48% (Hanks, 1991).

Tectonic Models for the Opening of the 
Canada Basin

From its modern inception (Hamilton, 1970), 
the rotation model was developed with bathy-
metric data (Grantz et al., 1979; Grantz et al., 
1998), the rift histories and stratigraphic simi-
larities of late Paleozoic and Mesozoic strata in 
the Canadian Arctic and Arctic Alaska (Embry, 
1989; Embry and Dixon, 1990; Toro et al., 
2004), and the transform morphology of the 
Lomonosov Ridge (Cochran et al., 2006). Bar-
ring any earlier movement relative to Lauren-
tia, this model would place the pre-Cretaceous 
Arctic Alaska–Chukotka microplate offshore of 
what is now Banks Island. Many of the studies 
in favor of the rotation model cite Lower Creta-
ceous paleomagnetic data (Halgedahl and Jar-
rard, 1987). These data are from a single site 
consisting of two wells, lack a paleomagnetic 
confi dence test other than a statistically insig-
nifi cant reversal test, and imply not only 105° 
(+49°/−43°) counterclockwise rotation, but also 
that these strata were deposited 12° (+5/−4) to 
the south relative to cratonic North America 
(Stone, 1989). A similar post-Cretaceous north-
ward translation of ~10° has been documented 
elsewhere on the North Slope and northeast-
ern Russia (Witte et al., 1987; Stone, 2004). 
Although the paleomagnetic data support a rota-
tion, the data are only grossly compatible with 
the 66° rotation called for in the rotation model. 
Moreover, a 66° rotation of the Arctic Alaska–
Chukotka microplate is not geometrically fea-
sible as it requires as much as 600 km of overlap 
of the Chukchi Borderland and East Siberian 
continental shelf onto the Canadian Arctic 
Islands, which is more than can be accounted 
for by extension (Lane, 1997).

Lane (1997) pointed out additional geologi-
cal inconsistencies with the rotation model, 
including incongruous ages of deformation 
and deposition, and proposed a fi xed model 
pinning Arctic Alaska near its present posi-
tion (see also Lane, 1998). This model is not 
far removed from the Arctic-Alaska trans-
form models that site the morphology of the 
Chukchi Borderland and vague magnetic linea-
tion as evidence for rifting perpendicular to the 
northern margin of Alaska (Vogt et al., 1982). 
The fi xed model also addresses the problem of 
a northern source of sediments on the North 
Slope subterrane by placing the submerged 
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continental crust of the Chukchi Borderland 
to the north of the present margin. However, 
fi xist models, like the rotation model, fail to 
account for growing paleontological evidence 
of Siberian Paleozoic fauna in Alaskan terranes 
(Blodgett et al., 2002; Dumoulin et al., 2002).

Alternatively, many have supported the 
Lomonosov rifting model (Ostenso, 1974; 
Dutro, 1981; Kerr, 1981; Smith, 1987), 
which posits that the Arctic Alaska–Chukotka 
microplate originated near the Taimyr Penin-
sula of Russia. Considering the aforementioned 
problems with the paleomagnetic evidence, 
the strongest remaining argument against a 
Lomonosov rifting model is the transform mor-
phology of the Lomonosov Ridge (Cochran et 
al., 2006). Most recently, citing detrital zircon 
provenance data, Miller et al. (2006) suggested 
a hybrid between the rotation and Lomonosov 
rifting models with differential motion between 
the Alaskan and Siberian portions of the Arctic 
Alaska–Chukotka microplate.

From a Cordilleran perspective, Johnston 
(2001) proposed that Arctic Alaska is part of 
a ribbon continent called SAYBIA (Siberia-
Alaska-Yukon–British Columbia) that rifted 
off of Laurentia in the Cambrian, and accreted 
to the Arctic margin in an oroclinal orogeny. 
The SAYBIA hypothesis accounts for the 
post-Cretaceous northward translation of the 
Arctic Alaska–Chukotka microplate (Witte et 
al., 1987; Stone, 2004), geological differences 
between Arctic Alaska and the Canadian Arc-
tic Islands (Lane, 1997), the presence of peri-
Siberian Paleozoic fauna (Blodgett et al., 2002; 
Dumoulin et al., 2002), and possibly differences 
between terranes within the Arctic Alaska–Chu-
kotka microplate through oblique sutures. In 
terms of the origin of the Arctic, the SAYBIA 
hypothesis is an extension of the Jones (1980) 
model calling for a southern provenance of the 
Arctic Alaska–Chukotka microplate. However, 
more recent iterations of the SAYBIA hypoth-
esis do not include the North Slope subterrane 
in the Arctic Alaska–Chukotka microplate, sug-
gesting a Cretaceous suture in the Brooks Range 
and a fi xist model for the opening of the Arctic 
Ocean (Johnston, 2008).

These models each have different, testable 
implications for the Neoproterozoic and Paleo-
zoic strata of Arctic Alaska.

STRATIGRAPHY

The pre-Mississippian stratigraphy of 
the northeastern Brooks Range has been 
described through paleontological reconnais-
sance (Dutro, 1970), geologic mapping (Lef-
fi ngwell, 1919; Reed, 1968; Reiser, 1971; 
Robinson et al., 1989), and sequence analysis 

(Clough and Goldhammer, 2000), but no pre-
vious chemostratigraphic studies have been 
undertaken. Departing from the Robinson et al. 
(1989) lithostratigraphic division for the Kat-
akturuk Dolomite, we have redefi ned the map 
units to highlight major sequence boundaries 
that represent depositional hiatuses (Figs. 2 and 
3; supplementary data, GSA Data Repository 
Table DR41). The goal is to separate units as 
time packets of nearly continuous deposition. 
The carbon and oxygen profi les through the 
Katakturuk Dolomite can also be divided into 
four intervals that correspond with the new unit 
divisions (Fig. 3). An attempt has been made 
to retain the naming scheme of Robinson et al. 
(1989) where possible, but within the new age 
constraints, several new names were needed.

Pre-Katakturuk Strata

The Neruokpuk Schist and Unit O.G.
Leffi ngwell (1919) defi ned the Neruokpuk 

Schist as interlayered pre-Mississippian quartz-
ite, siliceous phyllite, argillite, limestone, and 
shale that crops out near Lake Peters. This 
name was used for the sub-Katakturuk strata on 
recent maps of the northeastern Brooks Range 
(Robinson et al., 1989); however, this “grab 
bag” unit is problematic since the Neruokpuk 
of Canada also includes siltstone with Late 
Cambrian trilobites and a stratigraphy distinct 
from what is exposed in the Sadlerochit Moun-
tains (Reiser et al., 1978; Robinson et al., 1989; 
Lane, 1991). In the adjacent Demarcation 
Point Quadrangle, the Neruokpuk Schist rests 
unconformably above unfossiliferous carbon-
ates potentially equivalent to the lower Katak-
turuk Dolomite, which in turn unconformably 
overlie a package of volcanic and clastic rocks 
(Reiser et al., 1980). Thus, the sub-Katakturuk 
clastic rocks can potentially be correlated with 
the stratigraphically lowest map units (pCpq, 
pCsd, and pClb of Reiser et al., 1980), and are 
herein referred to, informally, as map unit O.G. 
(supplementary data, Table DR4 [footnote 1]).

In the Sadlerochit Mountains, unit O.G. con-
sists of >400 m of recessive, isoclinally folded 
and cleaved argillite, siltstone, mudstone, and 
thin-bedded dolomite with interbeds 1 cm to 
10 m thick of fi ne- to coarse-grained sandstone 
and quartzite. Primary structures (e.g., cross 
beds and ripple marks) are commonly pre-

served. Meter-scale isoclinal folds are refolded 
about closed to tight upright folds indicating 
at least two deformational events. Quartzite 
beds contain detrital zircons as young as 760 
± 11 Ma (see data below), providing maximum 
age constraints on the Mount Copleston volca-
nics and the Katakturuk Dolomite. The actual 
thickness of unit O.G. is unknown as the basal 
contact lies above a thrust fault and the upper 
contact is either tectonized (Fig. 2) or uncon-
formably overlain by Mount Copleston volca-
nics (Robinson et al., 1989). Approximately 
fi ve kilometers east of Kikitak Mountain unit, 
O.G. is ~100 m thick, schistose, and overlain 
by greenschist facies metavolcanic rocks.

Mount Copleston Volcanics
Moore (1987) informally referred to the 

volcanic rocks in the Shublik and Sadlerochit 
Mountains as the Mount Copleston volcanics. 
These rocks are stratigraphically equivalent 
to volcanics and volcaniclastics near Kikitak 
Mountain (Reiser et al., 1970), and possibly 
correlative with the volcaniclastic rocks of 
Redwacke Creek (pCv of Reiser et al., 1980). 
The Mount Copleston volcanics are rusty 
weathering, dark maroon to black and green 
tholeiitic basalts with chlorite, calcite, and zeo-
lite amygdules that are 1–5 mm in diameter. In 
the western Shublik Mountains the basalt has a 
structural thickness of up to 450 m thick with 
m-scale individual fl ows, preserved pillows 
and pahoehoe textures, and common native 
copper. A stratigraphic thickness is diffi cult to 
determine due to structural repetitions. Along 
the Hula Hula River, the Mount Copleston vol-
canics are structurally ~500 m thick, are com-
monly greenstone, and are dominated by vol-
caniclastic rocks in the upper ~100 m (Fig. 4).

In the Sadlerochit Mountains, the Mount 
Copleston volcanics are up to 105 m thick. 
The basal contact with the underlying, poly-
deformed unit O.G. is locally tectonized and 
inferred as unconformable (Robinson et al., 
1989; Clough and Goldhammer, 2000). The 
basalts appear little metamorphosed with mini-
mal chlorite, 5- to 10-mm-long plagioclase 
lathes, and intact, spherical amygdules. Major 
element and rare-earth element (REE) analy-
ses of the Mount Copleston volcanics suggest 
a continental affi nity (Moore, 1987).

On the far eastern end of the range (Figs. 2 
and 4B), a coarse diabase sill intrudes unit O.G. 
and is considered to be coeval with the basal-
tic fl ows (Moore, 1987; Clough et al., 1990). 
This sill has yielded a whole rock Rb/Sr age of 
801 ± 20 Ma (Clough et al., 1990); however, 
this isochron age is inconsistent with new U/
Pb ages on detrital zircons from the underlying 
strata (see below).

1GSA Data Repository Item 2008190, color ver-
sions of selected fi gures, table of regional strati-
graphic nomenclature, carbon and oxygen isotope 
data tables and crossplots, U-Pb LA-ICP-MS and 
TIMS data tables, is available at www.geosociety.
org/pubs/ft2008.htm. Requests may also be sent to 
editing@geosociety.org. 
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Figure 3. Composite carbon chemostratigraphy and lithostratigraphy of the Katakturuk Dolomite in the northeastern Brooks Range. 
Sadlerochit data from measured sections F501, F502, F505, F510, F602, F603, F604, F605, and F607; Shublik data from measured sections 
F513, F514, F517, F613, and F614; Kikitak data from measured sections F619 and F624 (see Fig. 2 for locations and supplementary data 
[footnote 1] for a color-coded fi gure showing the ties between sections). All carbonate carbon measurements in ‰ notation. Depositional 
distance between sections assumes 50% shortening (Hanks, 1991). Because these sections are composites, the lithofacies are generalizations 
of the dominant facies in that portion of the stratigraphy through multiple sections with interpretations of the depositional environment 
from the assemblage of facies. 
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A B

C D

Figure 4. Geological maps with positions shown in Figure 2: (A) Central Sadlerochit Mountains; (B) Eastern Sadlerochit Mountains between 
Nularvik Creek and Itkilyariak River. Locations of detrital zircon samples are marked with hexagons; (C) Western Shublik Mountains along 
the Nanook River; (D) Kikitak Mountain along the Hula Hula River.
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Hula Hula Diamictite
Reiser et al. (1970) fi rst described the orange 

weathering diamictites along the Hula Hula 
River as carbonate debris fl ows with clasts of 
basalt, and included these deposits with the 
Katakturuk Dolomite. Herein we informally 
refer to these deposits as the Hula Hula diam-
ictite. On the east side of the Hula Hula River, 
along Eustik Creek, the Hula Hula diamictite 
is ~50 m thick (Figs. 4D and 5). While incom-
plete exposure and structural repetition preclude 
the measurement of exact thicknesses, discrete 
outcrop-scale blocks allow confi dence in the 
general stratigraphic relationships over tens of 
meters of stratigraphy. The lower 12 m of the 
diamictite is matrix-supported, with gravel- to 
cobble-sized clasts of orange dolomite, green to 
black basalts, and rare quartzite, in a green to tan 
siltstone matrix, and is interfi ngered with at least 
four basaltic fl ows that range in thickness from 
2 to 0.2 m. The dolomite, quartzite, and siltstone 
are either from unit O.G. or are extra-basinal. 
The lower diamictite is overlain by ~30 m of 
poorly exposed, mm-laminated siltstone with 
rare gravel- and cobble-sized bedding-piercing 
lonestones (Fig. 6A) and multiple orange car-
bonate debris fl ows. The debris fl ows are distin-
guished from the diamictite in that the matrix 
and the clasts of the debris fl ows are of the same 
composition with no exotic clasts, and the clasts 
are tabular, sorted, and commonly imbricated. 
The upper 5 m of the Hula Hula diamictite are 
a massive, clast-supported diamictite with boul-
ders of dolomite (up to 0.5 m across) and cob-
bles of basalt in a calcareous siltstone matrix. 
Because no faceted or striated clasts have been 
observed, a glacial origin is equivocal.

On the west side of the Hula Hula River 
near Kikitak Mountain, the basal Hula Hula 
consists of ~10 m of diamictite with cobbles of 
dolomite and basalt in a siltstone matrix, and 
an additional ~40 m of mm-laminated siltstone 
with lonestones and multiple orange carbonate 
debris fl ows. In the Kikitak Mountain area, the 
Hula Hula diamictite rests disconformably on 
the Mount Copleston volcanics. At this local-
ity, the upper 50 m of the Mount Copleston 
volcanics consist of matrix-supported volcani-
clastic diamictite of volcanic gravel and cob-
bles in a matrix of volcanic grit. It is unclear 
if this deposit is a debris fl ow or a glacial 
diamictite formed of reprocessed volcanics. 
We have included this deposit with the Mount 
Copleston volcanics rather than the Hula Hula 
diamictite because, unlike the overlying diam-
ictite, it lacks foreign clasts.

In the eastern Sadlerochit Mountains, along 
the Nularvik Creek, the Hula Hula diamictite 
rests disconformably on pillow basalts of the 
Mount Copleston volcanics, along an erosive 

contact (Fig. 4B). At this locality, the diamictite 
is only 2 m thick and consists of angular cob-
bles of dolomite, quartzite, and basalt in coarse, 
clast-supported arkosic grit (Fig. 5).

Katakturuk Dolomite

The Katakturuk Dolomite was named by 
Dutro (1970) for its exposure in the Kataktu-
ruk River canyon in the Sadlerochit Mountains. 
Katakturuk is an English derivation of the Inu-
piaq word Qattaqtuuraq, which means “a wide 
open place” (Clough, 1989). The Katakturuk 
Dolomite has previously been identifi ed at three 
localities: the Sadlerochit Mountains, the Shub-
lik Mountains, and on both sides of the Hula 
Hula River near Kikitak Mountain (Clough and 
Goldhammer, 2000). Probable distal equiva-
lents are present in the Third and Fourth Ranges 
(Fig. 2), and to the east in the Demarcation Point 
Quadrangle (Reiser et al., 1980).

Balanced cross-sections have suggested 
46%–48% shortening in the northeastern 
Brooks Range fold-and-thrust belt (Hanks, 
1991). This implies a pre-Mississipian distance 
between the Sadlerochit and Shublik Moun-
tains of ~13.5 km, and an additional ~18 km 
to the Third Range, which is on the same thrust 
block as Kikitak Mountain (Fig. 2).

In the Sadlerochit Mountains, the Katakturuk 
Dolomite is ~2080 m thick, whereas it is only 
~1200 m in the Shublik Mountains due to a basal 
truncation and the thinning of the upper ramp 
facies to the south. The reduced thickness of the 
Katakturuk Dolomite reported here (in contrast 
to the 2500 m thickness reported by Clough and 
Goldhammer, 2000) is due in part to our cor-
relation of the upper ~250 m of the Katakturuk 
Dolomite in the Sadlerochit Mountains with the 
lower Nanook Limestone in the Shublik Moun-
tains (supplementary data, Table DR4 [footnote 
1]), but also, Clough and Goldhammer’s (2000) 
thickness is from a composite section of both 
ranges. Near Kikitak Mountain, the Katakturuk 
Dolomite is only 458 m thick with the upper 
portion of the stratigraphy truncated by the sub-
Mississippian unconformity.

Generally, the Katakturuk Dolomite is com-
posed of massive, light-gray, shallow-water 
dolostones with common coated grains, stro-
matolites, and void-fi lling isopachous cement. 
Parasequences are distinguished by fl at-bedded, 
micritic rhythmite shallowing upward progres-
sively to differentially compacted ribbonite, 
and then above wave base to peritidal grain-
stone and microbialaminite. It is often diffi cult 
to determine what the grainstone clasts were 
composed of as the grainstones are commonly 
recrystallized, and consequently we herein refer 
to massive shallow-water carbonates generically 

as grainstones. Flooding surfaces are defi ned by 
an abrupt appearance of shale or marl, and expo-
sure surfaces by irregular karstic dissolution sur-
faces or teepee structures (Kendall and Warren, 
1987). To highlight the major unconformities 
and disconformities, we have divided the Kat-
akturuk Dolomite into four informal units (see 
supplementary data, Table DR4 [footnote 1], for 
a comparison of the unit distinctions described 
here and those of previous workers).

Precambrian dolomites dominated by stro-
matolites and coated grains, potentially correla-
tive with the Katakturuk Dolomite, have been 
described elsewhere on the Arctic Alaska–Chu-
kotka microplate in the Hammond subterrane of 
central and western Brooks Range (Dumoulin, 
1988; Dumoulin and Harris, 1994), and in the 
Farewell terrane (Babcock et al., 1994) of cen-
tral Alaska; however, it is unclear if these ter-
ranes were attached to the Arctic Alaska–Chu-
kotka microplate in the Neoproterozoic.

Unit K1
In the Sadlerochit Mountains, K1 is ~530 m 

thick, and is equivalent to Robinson et al.’s 
(1989) spire dolomite member and the lower 
~30 m of the zebra dolomite member. The base 
of K1 is typically faulted out or covered in scree; 
however, in the eastern Sadlerochit Mountains 
along Nularvik Creek (Fig. 4B), the basal con-
tact is exposed with the Hula Hula diamictite 
overlain by ~5 m of a variably dolomitized, dark 
limestone and an additional ~75 m of rhyth-
mite interspersed with tabular clast carbonate 
breccias, which are interpreted as debris fl ows. 
These shallow upward to grainstone underlying 
a prominent fl ooding surface of marl and rhyth-
mite at ~150 m above the Hula Hula diamictite. 
The rest of K1 consists of ~350 m of monoto-
nous, massively bedded, often silicifi ed grain-
stone and packstone containing giant ooids 
(~5 mm diameter). The last parasequence of K1 
begins with rhythmite that, within 1 m, shallows 
upward into stromatolites and grainstone. This 
high-stand tract continues for another 30 m to 
the top of K1 and consists of resistant, heav-
ily silicifi ed grainstone with brecciated beds of 
recrystallized black chert that weather a distinct 
black and white.

In the Shublik Mountains, most of K1 is 
basally truncated, and only the last parase-
quence is present. It is diffi cult to determine the 
nature of the contact with the underlying Mount 
Copleston volcanics as it is covered in rubble. 
However, map relations indicate that the con-
tact is parallel to bedding and the amount of K1 
above the contact is consistent throughout the 
range (Fig. 4C).

Near Kikitak Mountain, the Katakturuk Dolo-
mite is composed entirely of K1 and measures 
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Figure 6. (A) Pink dolomite clast in a laminated siltstone matrix of the Hula Hula diamictite along Eustik Creek, section F619. Laminations 
are truncated on the right side of the clast, but are also compacted around and above the clast; (B) Knife-sharp contact between the Hula 
Hula diamictite and the Katakturuk Dolomite at Kikitak Mountain (section F624) with yellow arrow pointing at a roll-up structure; (C) 
Marker resting on knife-sharp basal contact of the Nularvik cap carbonate (unit K2), showing fi ne laminations and silica cements, along 
the Nularvik River in the Sadlerochit Mountains (section F601); (D) Plan view of tubestone stromatolite in the Nularvik cap carbonate in 
western Shublik Mountains (section F515). Pock marks refl ect the recessive weathering of the cements that fi ll the cm-diameter tubes; (E) 
Wave ripples in central Sadlerochit Mountains (section F508); (F) Silicifi ed crystal fans of unit K2 along the Nularvik River in the eastern 
Sadlerochit Mountains (section F601).
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458 m thick; the upper Katakturuk Dolomite is 
truncated by the sub-Mississippian unconfor-
mity. Our lithostratigraphy and chemostratig-
raphy (Fig. 3) argue against previous correla-
tions of these strata with unit K3 (Clough and 
Goldhammer, 2000). West of the Hula Hula 
River (F624, Fig. 4D), the Hula Hula diamictite 
is overlain in a knife-sharp contact by a black 
limestone with microbial “roll-up” structures 
(Fig. 5B), in which laminations are highly con-
torted despite the lack of evidence for exposure, 
tectonic folding, or synsedimentary slumping. 
Above this black microbialaminite is 180 m of 
rhythmite interspersed with tabular clast debris 
fl ows, an interval of 10 m of shale, and an addi-
tional 84 m of rhythmite, carbonate wackestone, 
and debris fl ows with clasts of silicifi ed ooids. 
The upper ~175 m of K1 near Kikitak Mountain 
(F619, Fig. 4D) consists predominantly of per-
itidal, silicifi ed, planar cross-bedded grainstone 
with giant ooids (Fig. 3).

In the Fourth Range, at least 1000 m of unfos-
siliferous, dark-colored limestone rhythmites 
and turbidites with minor shale and quartzite 
are exposed in the core of an anticline under the 
sub-Mississippian unconformity. Reiser (1971) 
reported a thickness of ~2100 m; however, it 
appears there is at least one major structural repe-
tition within these strata. Similar lithologies have 
been described ~100 km to the east between the 
Aichilik and Kongakuk Rivers, and in the Third 
Range (Reiser, 1971; Reiser et al., 1980). Herein 
we use chemostratigraphic profi les and the 
regional stratigraphic architecture to argue that 
these strata are all deep-water facies of unit K1.

The Nularvik Cap Carbonate, Unit K2
The Nularvik cap carbonate (unit K2) is 

named informally after thick exposures that 
crop out on the west side of the Nularvik Creek 
in the eastern Sadlerochit Mountains. Measured 
sections of unit K2 vary in thickness from 50 
to 147 m. The basal ~35 m of unit K2 is com-
posed primarily of a buff-colored, hummocky-
bedded, fi ne-laminated micropeloidal dolomite 
with low-angle cross stratifi cation. The lower 
15 m of these strata also contain funnel-shaped, 
isopachous calcite and silica cements (Fig. 6C). 
In the Sadlerochit Mountains, giant symmetri-
cal wave ripples (Allen and Hoffman, 2005) 
are present in the top meter of the micropelo-
idal portion of K2. Individual crests have up to 
18 cm of synoptic relief, with a crest-to-trough 
distance of 40 cm, and have yielded crestal 
azimuth orientations of 172° and 175° (n = 2). 
The wave ripples rest below a heavily silicifi ed 
surface that is commonly brecciated (Fig. 6E). 
This surface is overlain with as much as 60 m 
of pseudomorphosed aragonite crystal fans, 
with individual fans measuring as tall as 60 cm 

(Fig. 6F). Although the matrix between the fans 
is massively recrystallized, inhibiting detailed 
petrographic analysis, truncation by overlying 
bedding indicates that fans are primary struc-
tures (Clough and Goldhammer, 2000). The 
crystal fans are also interbedded with grainstone, 
and with multiple horizons of teepee structures, 
which formed during subaerial exposure (Kend-
all and Warren, 1987).

In the western Shublik Mountains, the micro-
peloidal portion of K2 is less than 30 m thick, 
and the funnel-shaped isopachous cements can 
be followed laterally to “tubestone” stromatolite 
bioherms (Corsetti and Grotzinger, 2005) that 
measure as much as 8 m thick (Figs. 6D and 7). 
These stromatolites form very broad mounds 
that on an outcrop scale show no evidence of 
synoptic relief. The term “tubestone” refers to 
the irregularly spaced, cm-diameter columns 
of void-fi lling cement within the bioherms 
(Fig. 6D) that display inheritance over meters 
of stratigraphy. Crystal fans are not developed 
in the Shublik Mountains, but instead, unit K2 
contains a single transgressive sequence from 
the basal micropeloidal dolomite, upward to 
dolo-ribbonite, limestone rhythmite, and shale.

Unit K3
In the Sadlerochit Mountains, unit K3 is 

~500 m thick. The base is defi ned by a shale 
fl ooding surface that is commonly accompanied 
with tabular clast breccias, which are interpreted 
as debris fl ows. Above these breccias, unit K3 
continues with ~50 m of well-defi ned, 5- to 
10-m-scale parasequences. The middle ~400 m 
of K3 consists of a monotonous sequence of 
silicifi ed, tabular cross-bedded grainstone and 
ooid grainstone that grade upward into a shoal 
complex composed of a series of thin parase-
quences defi ned by teepee structures and micro-
bialaminates. The top of unit K3 is defi ned by a 
distinctive, laterally persistent, up to 10-m-thick 
karstic surface composed of a calcretized, 
vadose pisolite, with individual pisoids measur-
ing over 1 cm in diameter.

In the Shublik Mountains, unit K3 begins with 
~100 m of rhythmite, carbonate turbidite and 
tabular clast debris fl ows, constituting a major 
expansion of the thin shale that overlies unit 
K2 in the Sadlerochit Mountains. However, the 
overlying grainstones are thinner in the Shublik 
Mountains, measuring only 220 m. In the Shublik 
Mountains, the upper 20 m contain a spectacular 
branching stromatolite bioherm capped by the 
distinctive vadose pisolite marker bed (Fig. 8).

Unit K4
Unit K4 measures 980 m in the Sadlerochit 

Mountains and 650 m in the Shublik Mountains. 
The unit begins above the pisoidal karstic sur-

face at the top of unit K3 with cm-scale pseudo-
morphosed aragonite crystal fans (Fig. 8) that 
are present in both the Sadlerochit and Shublik 
Mountains and persist for ~10 m of strata. The 
fans are in ribbonite beds at the base of an upward 
shallowing sequence that includes m-tall, elon-
gate stromatolites and culminates in a distinc-
tive brown grainstone and an exposure surface. 
Unlike other stromatolites in the Katakturuk 
Dolomite, this lowest stromatolite horizon in K4 
shows no evidence of trapping and binding. The 
next parasequence begins with clotty bulbous 
stromatolites that persist for as much as 100 m 
of stratigraphic section. These stromatolites 
are developed primarily in a stromatolite clast 
wackestone and shallow up to a thick sequence 
of microbialaminite (~150 m) with multiple dis-
solution surfaces. Above the microbialaminite is 
another ~500 m of massive cross-bedded grain-
stone. In the Sadlerochit Mountains, unit K4 
terminates with an additional ~270 m of grain-
stone with peculiar pink and white isopachous 
cements that have the appearance of dentures. 
These are possibly speliothems from overlying 
karstic surfaces.

The Nanook Limestone

The Lower Nanook Limestone (Unit N1)
The lower Nanook Limestone is best exposed 

in the Shublik Mountains, where it is 290 m 
thick (although greater thicknesses have been 
measured by Robinson et al., 1989). Despite 
the name, the lower Nanook Limestone is com-
posed primarily of unfossiliferous, massively 
recrystallized dolomite grainstone. The only 
evidence of metazoan infl uence on the deposi-
tion of unit N1 is in the lowermost ~55 m, where 
carbonate-shale turbidites and rhythmites con-
tain mm- to cm-wide, bed-parallel ichnogenera 
(Fig. 9; Clough and Goldhammer, 2000). Trace 
fossils of this size have only been observed in 
strata that are latest Ediacaran in age or younger 
(Crimes, 1992). These strata are overlain by 
~235 m of massively bedded, white dolostone.

In the Sadlerochit Mountains, the lower 
Nanook Limestone has been previously mapped 
as the uppermost Katakturuk Dolomite (Rob-
inson et al., 1989; Clough and Goldhammer, 
2000), where it forms resistant ridgelines and 
is composed predominantly of massive, silici-
fi ed cave breccias with dissolution features and 
microbialaminite with bird’s-eye texture. This 
miscorrelation likely occurred because the dis-
tinct turbidites with ichnogenera are not present 
in the Sadlerochit Mountains (see Discussion).

The Upper Nanook Limestone (Unit N2)
The ~800-m-thick unit N2 unconformably 

overlies the lower Nanook Limestone on a 
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 surface that is commonly silicifi ed and brec-
ciated. The upper Nanook Limestone begins 
with >100 m of massive dolomite grainstone 
with cement-fi lled vugs and minor limestone. 
These grainstones are overlain with ~160 m of 
peloidal limey packstones containing Middle 
to Late Cambrian trilobites with North Ameri-
can paleobiogeographic affi nities (Blodgett et 
al., 1986), and an additional ~300 m of Lower 
Ordovician limestone grainstones that contain 
trilobites with affi nities to the Bathyurid Prov-
ince, which occupied low paleolatitude sites of 
North America, Greenland, northeastern Rus-
sia, and Kazakhstan (Whittington and Hughes, 
1972; Blodgett et al., 1986). Conodonts in 
these strata show a cosmopolitan paleogeo-
graphic affi nity (Dumoulin et al., 2002) and 
have a conodont alteration index of 4 (Harris et 

al., 1990). The upper Nanook Limestone termi-
nates with ~160 m of Middle to Upper Ordovi-
cian strata, which contain pentamerid brachio-
pods that have a Siberian affi nity (Blodgett et 
al., 2002). In the western Shublik Mountains, 
the Nanook Limestone is unconformably over-
lain by ~70 m of Early Devonian limestone 
(Blodgett et al., 1992), which are possibly fore-
land deposits.

CHEMOSTRATIGRAPHY

Sample Selection and Preparation

During our mapping, we collected samples 
for δ13C and δ18O analyses within measured 
stratigraphic sections. All samples were cut 
perpendicular to lamination, revealing internal 

textures. Between 5 and 20 mg of powder were 
micro-drilled from the individual laminations 
(where visible), with an eye to avoid veining, 
fractures, and siliciclastic components. All 
subsequent isotopic analyses were performed 
on aliquots of this powder.

Isotopic Analysis

Carbonate δ13C and δ18O isotopic data were 
acquired simultaneously on a VG Optima dual 
inlet mass spectrometer attached to a VG Iso-
carb preparation device (Micromass, Milford, 
Massachusetts) in the Harvard University 
Laboratory for Geochemical Oceanography. 
Approximately 1-mg microdrilled samples 
were reacted in a common, purifi ed H

3
PO
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at 90 °C. Evolved CO
2
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cally and analyzed using an in-house reference 
gas. External error (1σ) from standards was 
better than ±0.1‰ for both δ13C and δ18O. 
Samples were calibrated to VPDB (Vienna 
Pee-Dee Belemnite) using the Cararra marble 
standard. Potential memory effect resulting 
from the common acid-bath system was mini-
mized by increasing the reaction time to seven 
minutes for dolomite samples. Memory effect 
is estimated at <0.1‰ based on variability of 
standards run after dolomite samples. Carbon 
(δ13C) and oxygen (δ18O) isotopic results are 
reported in per mil notation of 13C/12C and 
18O/16O, respectively, relative to the standard 
VPDB. Herein we report δ13C and δ18O mea-
surements of 2350 samples (see supplementary 
data [footnote 1]).

Results

Carbon-isotope profi les are broadly similar 
through the three ranges (Fig. 3). In the Sadlero-
chit Mountains, above the Hula Hula diamictite, 
in the basal 20 m of K1, δ13C values rise from 
−2‰ to +6‰ (Fig. 5), and then for the rest of 
K1 range between +3‰ and +6‰. In the Kiki-
tak Mountain area, δ13C values rise from +1‰ to 
+8‰ and then oscillate around +5‰ with a bit 
more variability. Reconnaissance δ13C analyses 
through potentially correlative limestones in the 
Fourth Range give values averaging ~+9‰ with 
values peaking above +12‰ (supplementary 
data tables [footnote 1]). The signifi cance of 
these enriched values is discussed below. In the 
last parasequence of K1, values drop to 0‰.

Carbon-isotope profi les through K2 have 
a sigmoidal shape with a nadir at −2‰. In the 
Sadlerochit Mountains, δ13C values are highly 
variable through the cement-dominated crystal 
fans of K2. In the Shublik Mountains, δ13C val-
ues in the rhythmites at the top of K2 bottom 
out at −3‰, then jump to +3‰ in the overlying 
debris fl ows (Fig. 7). This abrupt change in iso-
topic values indicates that either section is miss-
ing at this contact.

Beginning with sediments deposited during 
the transgression overlying the crystal fans at 
the top of K2 in the Sadlerochit Mountains, δ13C 
profi les display a smooth curve starting at +2‰, 
increasing to +4‰ and then diving to negative 
values in the pisolite-bearing beds at the top of 
K3 (Figs. 3 and 8). Unit K4 has δ13C values that 
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begin at −5‰, rise to 0‰ before another nega-
tive anomaly to −2‰, then rise again to +4‰ 
before oscillating around zero (Figs. 8 and 10), 
and terminate with a negative excursion.

In the Shublik Mountains, δ13C profi les 
through the lower Nanook Limestone begin with 
a positive excursion followed by a smooth nega-
tive anomaly, from +2‰ to −5‰ and back to 
+2‰. This negative anomaly is developed in the 
ichnogenera-bearing turbidites. In the Sadlero-
chit Mountains, the anomaly is basally truncated 
as the lower Nanook Limestone onlaps from 
the south. In both ranges, δ13C values oscillate 
around +1‰ for the bulk of unit N1, drop to 
negative values for ~100 m, and then return to 
positive values in the limestones of unit N2.

Oxygen-isotope profi les are smooth and 
heavy in the Katakturuk Dolomite relative to 
other Neoproterozoic δ18O profi les (Jacobsen 
and Kaufman, 1999), particularly through K3 
and K4 (Fig. 10). Negative excursions com-
monly exist in the few meters below exposure 
surfaces at the major disconformities and are 
likely due to alteration from meteoric water. 
In units K1–K3, values are scattered between 
0‰ to −5‰ with no obvious trends (see sup-
plementary data [footnote 1]). In K3, values 
hover around −1‰, and in K4, values decline 
smoothly from +1‰ to −5‰. Oxygen isotopes 
in limestone beds are uniformly lower and are 
perhaps more susceptible to alteration. This 
can be seen most clearly at the abrupt negative 

shift in values at the major limestone-dolostone 
transition within the upper Nanook Limestone 
(Fig. 10).

Detrital Zircon Geochronology

Sample Selection and Analytical Methods
Three 2–5 kg samples were collected from 

clastic rocks stratigraphically beneath the 
Katakturuk Dolomite for detrital zircon geo-
chronology. Two samples (samples 95-14 and 
95-15) were collected from unit O.G. at locali-
ties ~8 km east of Nularvik Creek (Fig. 4B). 
The third sample (sample F608) is from the 
top of the Hula Hula diamictite exposed along 
Nularvik Creek (Fig. 4B). Sample 95-14 was 
taken from a 5- to 10-cm-bedded, coarse-
grained sandstone interlayered with fi ner-
grained sandstone and siltstone. Sample 95-15 
was collected from a 5-m-thick fi ne-grained 
quartz arenite layer. F608 was sampled from 
an unsorted diamictite composed of angular to 
subangular gravel and pebble clasts of quartzite 
and basalt in a bimodal matrix of silt and grit.

Zircons from each of the three samples were 
separated by standard crushing and gravimet-
ric techniques and subpopulations for analy-
sis, were randomly selected. Detrital zircons 
from samples 95-14 and 95-15 were analyzed 
by both the TIMS (thermal ionization mass 
spectrometry) and LA-ICP-MS (laser abla-
tion–inductively coupled plasma–mass spec-

trometry) methods. Grains from sample F608 
were analyzed by the LA-ICPMS method only. 
The data are presented in Tables DR2 and DR3 
(supplementary data; see footnote 1). Discus-
sion of the results below is largely based on 
LA-ICPMS analyses that are no more than 
10% discordant. The 206Pb/238U ages are used 
for interpretation of grains <1.0 Ga, whereas 
the 207Pb/206Pb age is used for grains >1.0 Ga.

Representative grains from unit O.G. were 
analyzed as single grains by the TIMS method 
at the University of California, Santa Barbara. 
After random selection, 20 grains from each 
of samples 95-14 and 95-15 were abraded to 
~75% of their original size. Analytical proce-
dures and data reduction followed that outlined 
in McClelland and Mattinson (1996). Plotting 
of Tera-Wasserburg and probability density 
plots utilized the program of Ludwig (2003). 
Results of this initial phase of the study were 
discussed in McClelland (1997).

Additional zircon grains from unit O.G. and 
zircon grains from the Hula Hula diamictite 
(sample F608) were analyzed for U-Pb using 
a New Wave UP-213 (213 nm, Nd:YAG) laser 
system coupled to a ThermoFinnigan Element 
2 ICP-MS instrument housed at Washington 
State University. Analysis and data reduction 
followed procedures outlined in Chang et al. 
(2006). The laser operated with a fl uence of 
10–11 J/cm2 and a frequency of 10 Hz, with 
an ablation spot ~30 μm in diameter and 25 
μm deep. Signals were collected for 36 sec-
onds in 300 sweeps with a counting effi ciency 
of 86% per analysis. A blank was measured 
before each analysis, and a set of known stan-
dards was measured every 5–10 analyses for 
correction of U and Pb elemental fractionation 
mass bias in the mass spectrometer. Standards 
used to monitor fractionation were the 564 Ma 
Peixe (Gehrels, 2006, personal commun.), the 
1099 Ma FC-1 (Paces and Miller, 1993), and 
the 419 Ma R33 (Black et al., 2004). Standards 
R33 and FC-1 were used to evaluate fraction-
ation corrections based on Peixe.

Results

All three samples yielded diverse popula-
tions of round to elongate, clear to red-colored, 
and well-rounded grains. Most grains have fi ne 
oscillatory zoning revealed in cathodolumi-
nescence (CL) images that is typical of igne-
ous zircon. Zoning is commonly truncated at 
grain margins. Approximately 10%–15% of 
the grains appear to have core-rim relation-
ships based on variation in CL properties. 
The presence of xenocrystic components and 
Pb-loss in some grains is established by the 
observed discordance of some analyses. Data 

Figure 9. Ichnogenera from the lower Nanook Limestone in section 
F517. Samples were collected between 40 and 45 m above the base 
of unit N1.
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from grains that gave complex age spectra dur-
ing LA-ICPMS analysis are not reported since 
they clearly represent mixture of multiple age 
domains.

Ages from the three samples overlap in range 
from 760 ± 11 to 3420 ± 11 Ma but vary in 
relative abundance (Figs. 11A–11C). Peaks are 
observed in all samples at ca. 1380, 1465, 1880, 
1980, 2025, 2065, 2680, and 2735 Ma. In con-
trast to samples from unit O.G., the diamictite 
sample also contains a signifi cant number of 
grains ranging from 1.0 to 1.2 Ga. Neoprotero-
zoic grains are present in all samples as well, 
with several ages between 850 and 890 Ma. The 
youngest concordant analyses were observed 
in sample 95-15, which contained grains with 
206Pb/238U ages of 760 ± 11 and 763 ± 13 Ma 
(Fig. 11D). These two analyses limit the deposi-

tional age of the unit O.G. clastic sequence to be 
younger than ca 760 Ma.

DISCUSSION

The Fidelity of Chemostratigraphic Signals

The δ13C composition of carbonate rocks is rel-
atively immune to pervasive diagenetic changes 
because pore fl uids are buffered by a large rock 
reservoir (Veizer et al., 1999). Carbon-isotope 
profi les through the Katakturuk Dolomite are 
consistent and reproducible in multiple sections, 
further indicating that large-scale diagenesis is 
unlikely. Moreover, particularly in units K4 
and N1, δ18O values are remarkably heavy and 
smooth except over obvious exposure surfaces 
that have demonstrably experienced meteoric 

alteration. Carbon-oxygen cross-plots illustrate 
that several of the isotopic excursions do not co-
vary in both isotopic systems (see supplemen-
tary data, Fig. DR1 [footnote 1]), indicating that 
these excursions cannot be explained simply 
with alteration.

Despite signifi cant heterogeneity in the δ13C 
of the modern ocean (Kroopnick, 1985), large 
secular changes in δ13C at individual sites can 
be correlated globally (Veizer et al., 1999; Saltz-
man et al., 2000). This is due to the long resi-
dence time of carbon, which is ~150 times the 
mixing time of the ocean (Kump and Arthur, 
1999). This ratio was likely even larger in the 
Neoproterozoic, when higher concentrations 
of atmospheric CO

2
 were needed to compen-

sate for a faint young sun (Walker et al., 1981). 
Swart and Eberli (2005) demonstrated that δ13C 
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values of Miocene-Pleistocene periplatform 
carbonates on the Great Bahaman Bank only 
vaguely follow the δ13C of pelagic sediments, 
yet conclude that the δ13C values can be cor-
related between different sites. Thus, although 
using the δ13C values of platformal carbonates to 
quantify global changes in the carbon cycle may 
be compromised by complications in the car-
bon source and early diagenesis, carbon-isotope 
chemostratigraphy remains a useful correlation 
tool. Moreover, the Bahaman study (Swart and 
Eberli, 2005) emphasizes the necessity of link-
ing sequence stratigraphy and chemostratigra-
phy to assess the likelihood of diagenetic effects 
associated with sea-level change.

In the Katakturuk Dolomite, upper- and mid-
ramp facies are composed of light-colored, 
organic-poor dolomite. Limestone is present 
exclusively in lower-slope rhythmites, turbid-
ites, and in the cryptic-microbialite structures 
that overlie the Hula Hula diamictite. The 
general pattern of dolomites dominating shal-
low water settings and limestones present only 
in deeper water settings is a feature of many 
late Neoproterozoic successions globally (e.g., 
Knoll and Swett, 1990; Pelechaty, 1998). While 
evidence for primary aragonite precipitation is 
present in the upper half of unit K2 and at the 
base of K4 in the form of pseudomorphosed 
crystal fans, early or primary dolomitization is 
suggested by the retention of original sedimen-
tary textures, and the uniformity of the dolo-
mitization. Furthermore, cements have δ13C 
and δ18O values comparable to that of the host 
carbonate (see supplementary data tables [foot-
note 1]). The low susceptibility of dolostones to 
meteoric corrosion, and low relative permeabil-
ity, as pore-spaces in grainstones and ooids are 
commonly fi lled with dolomite cements, may 
have been important in isolating the dolostones 
during burial diagenesis. Meanwhile, the few 
interbedded limestones have very depleted oxy-
gen-isotope values and are commonly tightly 
folded. Perhaps the early or primary dolomiti-
zation coupled with early cementation on the 
platform “locked in” oxygen-isotope values, 
preventing isotopic equilibrium with pore fl uids 
during later burial and recrystallization.

As diagenetic recrystallization can completely 
replace the original population of oxygen atoms 
in the rock, δ18O trends in ancient carbonates are 
typically used to assess alteration and ignored as 
a seawater proxy (Brand and Veizer, 1981; Ban-
ner and Hanson, 1990). Nonetheless, the smooth 
trend of the oxygen-isotope profi le of units K4 
and N1, and the reproducibility in sections that 
were deposited over 10 km apart, suggests a pri-
mary signal. On multi–million-year time scales, 
the oxygen-isotope composition of seawater is 
controlled by the exchange of oxygen with sili-
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cate rocks (Muehlenbachs and Clayton, 1976; 
Walker and Lohmann, 1989; Muehlenbachs, 
1998). For typical water-rock interaction rates, 
the maximum change in the oxygen-isotope 
composition of seawater is ~1‰ per 100 mil-
lion years (Walker and Lohmann, 1989). Thus, 
the trend in the δ18O record from the Kataktu-
ruk Dolomite cannot refl ect the evolution of the 
oxygen-isotope composition of seawater due to 
hydrothermal exchange.

The −4‰ δ18O shift in unit K4 is similar in 
magnitude, but in the opposite direction, to the 
deep-sea δ18O trend of benthic forams from 
the Paleocene-Eocene Thermal Maximum to 
the Quaternary glacial periods (Zachos et al., 
2001). Roughly half of the Cenozoic enrich-
ment is due to the temperature-dependent frac-
tionation of calcite with seawater, and half to 
the temporary sequestration of isotopically light 
oxygen in continental ice sheets (Zachos et al., 
2001). Although there is evidence in Newfound-
land for the presence of regional ice sheets at 
ca. 582 Ma (Anderson and King, 1981; Bowring 
et al., 2003), no well-dated glacial deposits have 
been identifi ed in the latest Ediacaran or Early 
Cambrian. Thus, we are left with temperature 
and salinity to explain the −4‰ shift. In an ice-
free ocean, a 4‰ decline in δ18O corresponds to 
~16° of warming (O’Neil et al., 1969). Although 
the mechanism for such a large change in sur-
face ocean temperature is not readily apparent, 
a similar δ18O trend has been reported in late 
Ediacaran successions in Oman (Burns and Mat-
ter, 1993) and China (Zhou and Xiao, 2007).

Lithologically, the infl ection in the δ18O record 
corresponds with a transition from strata domi-
nated by microbialaminites to strata dominated 
by crossbedded grainstones. The former were 
deposited in an intertidal to supratidal setting, 
whereas the latter likely formed as sand bars in 
a high-energy environment. Our carbon-isotope 
correlations also indicate that this transition 
roughly corresponds to a signifi cant increase in 
sedimentation rate (see below). A correspond-
ing change in basin dynamics could have tapped 
a new source of water with a different, perhaps 
more meteoric composition. An increase in 
accumulation rate coupled with the higher pri-
mary porosity and permeability of grainstones 
could have also led to a progressive increase in 
the depth of cementation.

Intrabasinal Correlations and 
Reconstruction of a Carbonate Platform 
Margin

Stromatolite elongation is a product of wave 
scour from a predominant direction. Elonga-
tion tends to be normal to the shoreline due to 
wave refraction, analogous to “spur-and-grove” 

structures of modern reefs (Goldring, 1938; 
Hoffman, 1967). However, like crossbeds in 
grainstones, interpretation of this feature can 
be complicated locally by longshore ebb-tide 
currents. Columnar, laterally linked stromato-
lites near the base of unit K4 are predominantly 
oriented N-S, presumably normal to shoreline 
(Clough and Goldhammer, 2000). Higher in 
K4, bulbous stromatolites yield more variable 
orientation measurements. No systematic facies 
changes are apparent E-W, along the ranges, 
within the Katakturuk Dolomite.

Reconnaissance carbon-isotope analyses 
through the black limestones of the Fourth Range 
give values averaging ~+9‰ (supplementary 
data tables [footnote 1]). Such enriched δ13C 
values are rare in Phanerozoic strata, present 
only in transient excursions (Saltzman, 2005), 
but have been documented in the Neoprotero-
zoic strata of Mongolia (Brasier et al., 1996) and 
Canada (Hoffman and Schrag, 2002). We sug-
gest that the limestones in the Fourth Range are 
an expanded deep-water equivalent of unit K1; 
however, as neither the top nor the bottom of the 
sequence is exposed in the Fourth Range, this 
correlation lacks discrete tie lines, and particular 
isotopic features cannot be compared.

The basal truncation of the unit K1 in the 
Shublik Mountains (Fig. 3) is a stratigraphic 
puzzle. Although the basal contact of K1 in not 
exposed, map relations indicate that the contact 
is parallel to bedding and the amount of K1 
above the contact is consistent throughout the 
range (Fig. 4C). Structurally, it is not apparent 
how the lower portion of K1 could be faulted 
out. Thus, the simplest interpretation is that the 
contact is depositional and that ~400 m of the 
Katakturuk Dolomite is missing from the Shub-
lik Mountains on a paleo-high. If the Mount 
Copleston volcanics delineate a rifting event, as 
suggested by Clough and Goldhammer (2000), 
then this paleo-high may have developed with 
block rotation above a listric normal fault. 
Moreover, this paleo-high may have the source 
of the volcaniclastics at Kikitak Mountain, and 
the nucleus for a rim on the platform margin.

In contrast to Clough and Goldhammer 
(2000), who argued for a SW-deepening ramp 
geometry persisting throughout the Katakturuk 
Dolomite, we suggest that the platform trans-
formed multiple times from a rimmed-margin 
to a south-facing ramp in response to base level 
change. In particular, in the aftermath of a major 
transgression and progradation, a ramp geometry 
developed, whereas during relative shallowing 
and aggradation a fl at-topped, rimmed-margin 
developed, as is seen in the Pliocene-Quaternary 
evolution of the Great Bahaman Bank (Eberli 
and Ginsburg, 1989). Our chemostratigraphic 
and lithostratigraphic correlations, combined 

with facies patterns, indicate that most of unit K1 
in the Sadlerochit Mountains was deposited in a 
back reef environment, while the lower ~300 m 
of K1 at Kikitak Mountain was deposited on the 
outer slope (Fig. 3). As the margin prograded, 
shelf-edge deposits reached the Kikitak Moun-
tain sections, with a ramp possibly developing in 
the upper portion of K1. Before the deposition of 
K2, base level fall exposed the margin, and rim 
or fl at-top profi le formed, creating a geometry 
favorable for the restricted lagoonal environment 
indicated by the large crystal fans and exposure 
surfaces in the upper portion of K2 in the Sadle-
rochit Mountains. With the major transgression 
at the base of K3, south-facing ramp geometry 
developed and persisted to the calcretized piso-
lite at the top of K3. Back reef deposits are also 
present in the lower portion of K4, indicating 
renewed development of a rimmed shelf, but 
again, with progradation, it is likely that a ramp 
formed in the upper portion of K4.

Clough and Goldhammer (2000) suggested 
that the Katakturuk Dolomite was much thin-
ner in the Shublik Mountains due to truncation 
under the sub-Nanook unconformity. Instead, 
our mapping and chemostratigraphy suggests 
that the Katakturuk is thinner in the Shublik 
Mountains because of facies changes and a 
basal truncation (Figs. 3 and 4C). Moreover, our 
redefi nition of units in the Sadlerochit Moun-
tains, which is supported by carbon and oxygen-
isotope chemostratigraphy (Fig. 10), suggests 
that very little, if any, of unit K4 is missing from 
the Shublik Mountains. By including unit N1 
with the Katakturuk Dolomite, Robinson et al. 
(1989) inferred that the upper ~300 m of the 
Katakturuk Dolomite is missing in the Shub-
lik Mountains under an unconformity, while 
the lower Nanook Limestone is absent in the 
Sadlerochit Mountains. Our new correlations 
eliminate this problem of missing strata and 
suggest that the carbonate-shale turbidites and 
rhythmites at the base of the lower Nanook 
Limestone were deposited during a northward 
migrating onlap (present coordinates).

Global Correlations

Although the nomenclature for a pre-
 Ediacaran period has yet to be formally defi ned, 
to avoid the problematic terms “Sturtian” and 
“Marinoan,” we herein informally use “Cryoge-
nian” to refer to the time period beginning with 
the oldest Neoproterozoic glacial deposits and 
ending with the ca. 635 Ma end-Cryogenian gla-
cial deposits. Carbon-isotope composite curves 
from strata bracketing Neoproterozoic diamic-
tites broadly suggests two pre-Ediacaran glacial 
episodes globally (Halverson et al., 2005), one 
during the early-Cryogenian ending at 713.5 
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± 2 Ma (Bowring et al., 2007), and a second 
end-Cryogenian glaciation ending between 
635.51 ± 0.54 Ma and 635.23 ± 0.57 Ma (Con-
don et al., 2005).

Hula Hula Diamictite
A glacial origin of the Hula Hula diamic-

tite is suggested by the presence of cobble- to 
boulder-sized foreign clasts in a fi ne, lami-
nated matrix. These clasts are bed penetrating 
and truncating (Fig. 6A), and as such are inter-
preted as ice-rafted debris. An early Cryoge-
nian age of the Hula Hula diamictite is inferred 
from the chemostratigraphy of the overlying 
Katakturuk Dolomite.

Unit K1
The dark-colored limestone at the base of 

unit K1 contains cryptic-microbial “roll up” 
structures that are also present in the early–
Cryogenian Rasthof cap carbonate of North-
ern Namibia (Hoffman et al., 1998a). As these 
microbial structures are otherwise in deep-
water, rhythmite facies, it is possible that these 
were formed by nonphotosynthetic organisms. 
In the Sadlerochit Mountains, within the basal 
20 m of K1, δ13C values rise from −2‰ to +4‰. 
This δ13C profi le is also comparable to that of 
the Rasthof Formation (Yoshioka et al., 2003). 
Higher in K1, the enriched δ13C values and the 
positive, concave-upward profi le are typically 
seen in strata deposited during the Cryogenian 
interglacial period (Halverson et al., 2005), In 
the uppermost parasequence of K1, δ13C val-
ues drop to 0‰ but are scattered. Although less 
negative, this drop is likely correlative to the 
beginning of the Trezona anomaly (McKirdy 
et al., 2001; Halverson et al., 2002), which may 
have been largely removed under the sub-K2 
disconformity.

The Nularvik Cap Carbonate, Unit K2
Although no glacial diamictites have been 

identifi ed, unit K2 contains sedimentary textures 
in a particular order that are characteristic of 
basal Ediacaran cap carbonates globally (Allen 
and Hoffman, 2005; Hoffman et al., 2007). The 
basal portion of K2 (the “cap dolomite” sensu 
Hoffman et al., 2007) has an average thickness 
of 35 m, and is composed primarily of a buff-
colored, hummocky, fi ne, laminated, micropelo-
idal dolomite with low-angle cross stratifi cation, 
as is the case in Australia (Kennedy, 1996), the 
Mackenzie Mountains (Aitken, 1991; James 
et al., 2001), Namibia (Allen and Hoffman, 
2005), and elsewhere. Tubestone stromato-
lites are present in the Nularvik cap carbonate 
and have previously been documented in basal 
Ediacaran cap carbonates in Namibia (Hoff-
man et al., 1998a), Death Valley (Wright et al., 

1978), and the Mackenzie Mountains (James 
et al., 2001). Unit K2 also contains giant wave 
ripples, which have been documented in several 
basal Ediacaran cap dolostones globally (Allen 
and Hoffman, 2005). Unlike crystal fans that are 
associated with basal Ediacaran cap carbonates 
elsewhere (Aitken, 1981; Peryt et al., 1990; Sof-
fer, 1998; James et al., 1999), the crystal fans 
in unit K2 are developed in a shoal complex 
rather than transgressive ribbonite facies, and 
contain multiple exposure surfaces and isotopic 
discontinuities. Occasionally, individual fans 
are tipped over on their side from the buckling 
of teepees. Together these sedimentary features 
suggest a restricted, back reef setting.

The lack of glacial deposits under unit K2 can 
be attributed to poor preservation potential as the 
glacio-eustatic sea-level drop left the carbonate 
platform exposed until the postglacial transgres-
sion. Glacial diamictites are also rare under the 
Keilberg cap carbonate on the Otavi platform in 
Northern Namibia (Hoffman et al., 1998b).

Carbon-isotope profi les of unit K2 display a 
sigmoidal shape with a nadir at −2‰ (Fig. 7). 
Normalized to the thickness of the cap dolo-
stone, this pattern is similar to the basal Dou-
shantuo cap carbonate in South China (Jiang et 
al., 2003; Zhou and Xiao, 2007), which has been 
dated at 635.23 ± 0.57 Ma (Condon et al., 2005). 
The carbon-isotope profi le of cap dolostone of 
unit K2 is also reminiscent of that seen in slope 
sections of the Maieberg cap carbonate in north-
ern Namibia, where shelf sections are 3‰–4‰ 
lighter than foreslope sections (Hoffman et al., 
2007). Rather than an isotopic gradient, Hoff-
man et al. (2007) suggested that the slope sec-
tions were deposited diachronously during the 
post-glacial transgression. In this model, the 
relatively enriched values of the Nularvik cap 
carbonate would imply that it was deposited 
relatively early compared to shelf sections in 
Namibia, and then unit K2 was truncated by 
exposure surfaces and debris fl ows before sea-
water reached extremely negative values.

Carbon-isotope values are highly variable 
through the crystal-fan–dominated portion of unit 
K1. This is perhaps due to restriction and expo-
sure. Isotopic scatter, evidence of exposure, and 
pervasive cementing is also a common feature 
in the upper portion of many Doushantuo cap 
dolostone sections in China (Jiang et al., 2003) 
and Jbeliat cap dolostone sections in Mauritania 
(Hoffman and Schrag, 2002; Shields et al., 2007). 
We suggest that during the end- Cryogenian gla-
ciation and resultant sea-level fall, a fl at-topped 
shelf developed. During the post-glacial trans-
gression the shelf fl ooded and then became, 
restricted, leading to enriched and scattered 
isotopic values. Eventually, as the transgression 
progressed, there was major slope failure, and the 

margin returned to a ramp geometry. This slope 
failure, as demonstrated by multiple debris fl ows 
in the lower part of K3 (Fig. 7), accounts for the 
absence of early Ediacaran strata between units 
K2 and K3 (from ca. 630 to 615 Ma; Fig. 12).

Unit K3
The δ13C profi le through unit K3 is similar to 

the early Ediacaran carbon-isotope values from 
the Khufai Formation of Oman (Fig. 12; Burns 
and Matter, 1993). At the top of unit K3, δ13C 
values decrease to 0‰ where strata are trun-
cated under the base of the K4 karstic surface 
(Fig. 8). Negative values in the pisolite may 
be due to alteration and should not be used for 
correlation (see supplementary data, Fig. DR1 
[footnote 1]). We interpret this surface, which 
contains vadose pisoids, as a major exposure 
surface coeval with the sea-level fall associated 
with the regional ca. 582 Ma Gaskiers glaciation 
(Bowring et al., 2003).

Unit K4
Aragonite crystal fans in the basal 10 m of 

unit K4 are similar in size to those described in 
the Johnny Formation of Death Valley (Pruss 
and Corsetti, 2002). From the depleted values 
in these strata, δ13C values rise to two posi-
tive anomalies before oscillating around zero 
(Fig. 10). The upper ~300 m of K4 is charac-
terized by positive stable δ13C plateau with val-
ues ranging from 0‰ to +2‰ before the large 
negative anomaly at the K4-N1 transition. This 
negative trend is similar to terminal Ediacaran 
profi les through the Egan and Boonall For-
mations in northwestern Australia (Corkeron, 
2007), the Nama Group of southern Namibia 
(Saylor et al., 1998), the Turkut Formation of 
northeast Siberia (Pelechaty et al., 1996), the 
Buah and Ara Formations of Oman (Burns and 
Matter, 1993; Amthor et al., 2003), and the 
Denying Formation of South China (Zhou and 
Xiao, 2007). Although this isotopic interval has 
been termed the “+2‰ plateau” in Namibia 
(Saylor et al., 1998), values closer to 0‰ are 
present in Siberia (Pelechaty et al., 1996). In 
Oman, stable values near 0‰ have not been 
documented in the Ediacaran until after the 
Shuram anomaly (Burns and Matter, 1993; 
Amthor et al., 2003). Although late Ediacaran 
fossils have not been identifi ed in unit K4, 
this may be due to the lack of proper facies, 
and heavy recrystallization, the latter possibly 
obfuscating calcifying metazoans.

The Nanook Limestone
The two-pronged δ13C anomaly in the 

basal Nanook Limestone is reminiscent of the 
Precambrian-Cambrian boundary anomaly in 
Oman (Amthor et al., 2003), Morocco (Maloof 



Macdonald et al.

466 Geological Society of America Bulletin, March/April 2009

et al., 2005), Siberia (Kaufman et al., 1996), 
and elsewhere. However, this correlation would 
require that the lower Nanook Limestone was 
deposited by ca. 535 Ma, prior to the pronounced 
positive δ13C anomalies in the Nemakit-Daldyn 
(Maloof et al., 2005; Kouchinsky et al., 2007), 
with the fossiliferous upper Nanook Limestone 
deposited in the Late Cambrian and Ordovician. 
Alternatively, the δ13C anomaly in the Lower 
Nanook can be correlated with the Botomian-

Toyonian boundary anomaly as documented 
in the Sekwi Formation of the northwestern 
Cordillera (Dilliard et al., 2007), with much of 
the Early Cambrian missing under the K4-N1 
contact. While the ichnogenera suggest a Cam-
brian or younger age, unfortunately they do not 
provide more resolution (Soren Jensen, 2008, 
personal commun.), and chemostratigraphic 
correlations of the lower Nanook Limestone 
remain ambiguous.

Basin Dynamics

The ca. 760 Ma detrital zircons in the underly-
ing unit O.G. provide a maximum age constraint 
for the deposition of the Katakturuk Dolomite. 
If we assume that the Hula Hula diamictite is 
an early-Cryogenian glacial deposit, we are 
provided with additional age constraints. A 
maximum age of the early-Cryogenian glacia-
tion is provided by a U/Pb TIMS date of 726 
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± 2 Ma Leger granite in Oman (Bowring et al., 
2007), which underlies the Ghubrah diamictite. 
Older ages have been reported from the Poca-
tello Group in Idaho (Fanning and Link, 2004) 
and from the Gariep Belt in Namibia (Frimmel 
et al., 1996), but the stratigraphic relationship 
between these ages and the glacial deposits is 
less certain. The Ghubrah diamictite also con-
tains volcanic zircons with a U/Pb TIMS age 
of 713.5 ± 2 Ma (Bowring et al., 2007), per-
haps dating the deglaciation. In our subsidence 
model (Fig. 13), we use this age as a best guess 
for the onset of deposition of the Katakturuk 
Dolomite. A maximum age of the duration 
between the early- and end-Cryogenian gla-
ciations is provided by a U-Pb sensitive high-
resolution ion microprobe (SHRIMP) age of 
663 ± 4 Ma from the Datangpo Formation of 
South China (Zhou et al., 2004). Taking these 
age constraints, we are left with a maximum 
accumulation rate of K1 in the Sadlerochit 
Mountains of 10.6 m/m.y. (530 m in 50 m.y.).

In the aftermath of the ca. 635 Ma end-
Cryogenian glaciation, regions of active sub-
sidence accommodated huge thicknesses of 
basal Ediacaran strata (Halverson et al., 2002). 
However, unit K2 contains multiple exposure 
surfaces, and some of the middle Ediacaran is 
likely missing from the Katakturuk Dolomite, 
again suggesting weak subsidence. Carbon-
isotope correlations with Namibia and Oman 
(Fig. 12) suggest that units K2 and K3 were 
deposited between ca. 635 Ma and 582 Ma. As 
the thickest continuous section of K2 and K3 
in the Sadlerochit Mountains measured 563 m, 
our calculated accumulation rate for K2 and 

K3 is again at 10.6 m/m.y. These slow accu-
mulation rates indicate that units K1–K3 were 
deposited on a thermally subsiding passive 
margin with no active stretching (Fig. 13).

Carbon-isotope correlations of unit K4 with 
the global δ13C curve for the latest Ediacaran 
suggest a marked increase in sedimentation rate 
(Fig. 12). A late Ediacaran rift along the south-
ern margin of the North Slope subterrane is indi-
cated not only by the increase in sedimentation 
rate, but also by two low-angle unconformities 
in the overlying Cambrian strata. An additional 
subsidence mechanism after Cryogenian rifting 
is needed to accommodate the 1300–1000 m 
Cambrian–Late Ordovician carbonate strata in 
the Shublik Mountains. Moreover, immediately 
south of Kikitak Mountain in the Romanzof 
Mountains, the laterally equivalent Neruokpuk 
Schist and overlying Cambrian strata are over 
5 km thick (Reiser et al., 1980). These deposits 
can be accounted for with rifting along a growth 
fault. Lastly, Cambrian volcanic rocks in the 
Romanzof Mountains have ocean-island basalt 
chemical affi nities (Moore, 1987), and farther 
south, the Doonerak fenster contains Paleozoic 
volcanic and sedimentary rocks that have been 
interpreted as the remnants of a volcanic arc 
(Julian and Oldow, 1998), both suggesting the 
development of Paleozoic oceanic crust on the 
southern margin of the North Slope subterrane.

Paleogeography and the Origin of the Arctic 
Alaska–Chukotka Microplate

Although paleomagnetic constraints on the 
Arctic Alaska–Chukotka microplate are lack-

ing, paleogeographic reconstructions can be 
assessed through stratigraphic and biogeograph-
ical connections. Early Paleozoic conodonts in 
the Arctic Alaska–Chukotka microplate and 
the Farewell and Alexander terranes all have a 
mixed affi nity, containing many forms that are 
otherwise exclusive to Siberia, and others that 
are exclusive to Laurentia (Dumoulin et al., 
2002). In the Shublik Mountains, the Nanook 
Limestone contains the pentamerid brachio-
pod Tcherskidium, which is characteristic of 
peri-Siberian terranes (particularly the Kolyma 
Region and Kazakhstan), such as the Farewell 
terrane (Blodgett et al., 2002).

The detrital zircon results from unit O.G. 
and the Hula Hula diamictite contain several 
grains ranging from ca. 760 to 890 Ma. These 
ages are similar to basement ages observed in 
the Farewell terrane (Bradley et al., 2006). The 
range and abundance of Mesoproterozoic ages 
are consistent with those observed in the Fare-
well terrane as well (Bradley et al., 2007).

Although a Neoproterozoic to Paleozoic 
carbonate platform has been described on the 
Hammond subterrane (Dumoulin et al., 1998), 
these strata are separated from the carbonates 
of the Shublik and Sadlerochit Mountains by 
deep-water deposits in the Romanzof Moun-
tains, the Endicott terrane, and a fragment of 
a putative island arc on the Doonerak fenster 
(Fig. 1). The Hammond subterrane is sepa-
rated from the Farewell terrane by the arc vol-
canics of the Angayucham subterrane. While 
all of the subterranes in the Arctic Alaska–
Chukotka microplate and the Farewell terrane 
have mixed Laurentian and Siberian fauna, 
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and  geologically have more in common with 
each other than either Siberia or Laurentia, the 
geometry of their Neoproterozoic and Paleo-
zoic juxtaposition is unclear.

It is not obvious what rifted away from the 
North Slope subterrane in the Late Ediacaran 
to initiate subsidence. Potential candidates 
include the rest of the Arctic Alaska–Chukotka 
microplate, other peri-Siberian terranes, Lau-
rentia, and Siberia. Zonenshain et al. (1990) 
suggested that the Arctic Alaska–Chukotka 
microplate is part of an Arctic continent, Arc-
tidia, which is partially submerged under the 
Arctic Ocean in the form of the East Siberian 
Shelf and the Chukchi Borderland. In this sce-
nario, Arctidia consists of attenuated continen-
tal crust that has been stretched multiple times 
forming opposing margins on the North Slope 
subterrane and the rest of the Arctic Alaska–
Chukotka microplate.

The Franklin dikes of northwestern Lau-
rentia, which have been dated with U-Pb at 
723+4/−2 Ma (Heaman et al., 1992), and their 
extrusive expression, the Natkusiak Formation 
fl ood basalt, are potentially correlative with the 
Mount Copleston volcanics. Late  Ediacaran 
rifting in the northeastern Brooks Range is 
also broadly coincident with breakup of the 
Cordilleran margin as inferred from subsi-
dence curves in the southern Canadian Rocky 
Mountains (Bond and Kominz, 1984) and a 
569.6 ± 5.3 Ma U-Pb zircon age of synrift vol-
canic rocks in the Hamill Group (Colpron et 
al., 2002). However, Laurentian terminal Neo-
proterozoic deposits tend to be mixed carbon-
ate-clastic sequences (e.g., Eisbacher, 1981; 
Miller, 1985). Conspicuously, the Katakturuk 
Dolomite lacks an equivalent of the Ediacaran 
Sheepbed Formation (Fig. 14), which is com-
posed of organic-rich shales and siltstones. It 

should be noted that the Neoproterozoic strata 
of the northeastern Brooks Range are also dis-
tinct from those of Greenland and Svalbard, 
which both contain thick early Neoproterozoic 
carbonate-dominated successions overlain by 
~300–400 m of Ediacaran shales (Halverson et 
al., 2004; Halverson et al., 2007b).

Thick sequences of platformal carbonates form 
preferentially at low latitudes due to the reverse 
solubility of carbonate can provide a rough pale-
olatitude constraint (Broeker and Peng, 1982). 
The lack of Ediacaran carbonate successions on 
Laurentia, for example, may be due to a mid- to 
high-latitude position for much of the middle 
Ediacaran (McCausland et al., 2007), whereas 
it is likely that the Arctic Alaska–Chukotka 
microplate was situated at low latitudes from the 
Cryogenian to the Late Ordovician. Paleomag-
netic studies indicate that Siberia and many of 
the peri-Siberian terranes were also in the tropics 

v v v v
v v v v

v v v v v v v v v v v v
v v v v v v

v vv v v v

(km)

M
ac

ke
nz

ie
 M

ou
nt

ai
ns

W
in

de
rm

er
e 

S
up

er
gr

ou
p

Mackenzie 
Mountains

Tatonduk 
   Inlier

778 Ma

Lo
w

er
 T

in
di

r
U

pp
er

 T
in

di
r

Iron formation

Carbonate

Stromatolite
SO4 evaporite

Sandstone
Siltstone & shale

Basalt & gabbro

Massive diamictite
IRD mudstone

760 Ma detrital 
   zircons (2)

723 Ma Franklin
Igneous Event

*

*

   Sadlerochit &
Shublik Mountains

S
ha

le
r 

S
up

er
gr

ou
p

N
at

ku
si

ak

4

2

0

K
at

ak
tu

ru
k 

D
ol

.

C
oa

te
s

La
ke

*

Sheepbed
Formation

-2

-4

Minto
Inlier

OG

MC

Rapitan
Group

Figure 14. Stratigraphy of Neo-
proterozoic strata in the North-
western Cordillera, from left 
to right: the Mackenzie Moun-
tains (Halverson et al., 2007a); 
the Tatonduk Inlier (personal 
observations); Minto Inlier from 
Victoria Island (Young, 1981); 
the Shublik and Sadlerochit 
Mountains, this work. “MC” 
designates the Mount Copleston 
volcanics. Asterisks alongside 
the Shaler Supergroup mark the 
stratigraphic position’s detrital 
zircons sampled by Rainbird 
et al. (1992). IRD mudstone is a 
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from the Neoproterozoic through the Ordovician 
(Cocks and Torsvik, 2007).

In matching apparent polar-wander (APW) 
paths, Pisarevsky et al. (2008) suggested that 
Siberia and Laurentia traveled together until at 
least the ca. 800 Ma breakup of Rodinia, but were 
separated by an additional landmass (potentially 
Arctidia, the Arctic Alaska–Chukotka microplate, 
and other peri-Siberian terranes). This recon-
struction is followed in the Geodynamic Map 
of Rodinia (Li et al., 2007), which places the 
southeast margin of Siberia facing the northern 
margin of Laurentia (present coordinates) with 
~1000 km of separation. Mafi c dikes in south-
western Siberia have yielded Ar/Ar dates of 758 
± 4 Ma and 741 ± 4 Ma that could be correlative 
with the Mount Copleston volcanics and with the 
Franklin dikes, if errors are assumed in the Ar/Ar 
systematics (Gladkochub et al., 2006). A potential 
link also exists between unit K4 of the Kataktu-
ruk Dolomite and the Turkut Group in northwest-
ern Siberia, which has a similar late Ediacaran 
rift history coupled with carbonate deposition 
and low-angle unconformities (Pelechaty et al., 
1996). Not enough is known about the Neopro-
terozoic stratigraphy of the Taymir region and the 
northern margin of Siberia to assess a correlation 
(Pisarevsky and Natapov, 2003).

Detrital zircon histograms from beds below 
the Katakturuk Dolomite also share much in 
common with Neoproterozoic samples from the 
Farewell terrane, Laurentia, and Siberia, where 
1100, 1380, 1465, 1880, 1980, 2025, 2065, 2680, 
and 2735 Ma peaks are also present (Rainbird et 
al., 1992; Rainbird et al., 1997; Khudoley et al., 
2001; Bradley et al., 2007). There is one nota-
ble difference between these data sets: samples 
from unit O.G. and the Hula Hula diamictite 
contain several grains younger than 1000 Ma, 
whereas Neoproterozoic grains are absent from 
both the Siberian and Laurentian samples. The 
pre–1000 Ma ages in unit O.G. and the Hula 
Hula diamictite can possibly be explained by an 
older depositional age for many of the Lauren-
tian and Siberian samples. These data support 
a Rodinian reconstruction with Siberia, Lauren-
tia, and the Arctic Alaska–Chukotka microplate 
occupying adjacent positions. A scenario that is 
consistent with the detrital zircon, stratigraphic, 
and paleontological data is that Siberia and the 
Arctic Alaska–Chukotka microplate separated 
together from the northern margin of Laurentia 
in the early Neoproterozoic, and that Siberia and 
the Arctic Alaska–Chukotka microplate rifted 
apart in the late Ediacaran. This model can be 
tested with better age and stratigraphic charac-
terizations of the rocks underlying the Turkut 
Group in northwestern Siberia, and with further 
paleomagnetic and geochronological studies on 
each of these margins.

The Opening of the Canada Basin

The rotation model for the origin of the Can-
ada Basin predicts that the Katakturuk Dolomite 
is correlative with the early Neoproterozoic 
(pre–723 Ma) Shaler Supergroup of Amundson 
Basin. Chemostratigraphy, lithostratigraphy, and 
detrital zircon geochronology indicate that the 
Katakturuk Dolomite was instead deposited dur-
ing the late Neoproterozoic (between ca. 760 and 
542 Ma). However, there are no late Neoprotero-
zoic rocks in the Amundsen Basin between the 
ca. 723 Ma Natkusiak Formation and the Cam-
brian Saline River Formation (Young, 1981). 
Thus, the simple rotation model is untenable 
with Neoproterozoic stratigraphy. If the rotation 
model is to be retained, it must be modifi ed such 
that at least the North Slope subterrane portion 
of the Arctic Alaska–Chukotka microplate is 
an exotic block that docked on to the Canadian 
Arctic Islands sometime in the Phanerozoic. 
Sweeney (1982) proposed such a model in 
which the Arctic Alaska–Chukotka microplate 
arrived to a prerotation position in the late Paleo-
zoic after over 1000 km of sinistral movement 
along the Canadian Arctic margin. If this dock-
ing of the North Slope subterrane occurred, it 
had to be during the Early to Middle Devonian, 
as there is no evidence of another orogeny on the 
Canadian Arctic margin until the late Cenozoic 
(Miall, 1976). A Devonian accretion would also 
reconcile Toro et al.’s (2004) ties in Carbonifer-
ous-Jurassic onlaps from the subsurface of the 
North Slope to Prince Patrick Island. However, 
the southward-directed mid-Devonian thrusting 
in the Brooks Range is inconsistent with this 
model (Oldow et al., 1987).

The close Paleozoic biogeographic ties 
between the North Slope subterrane and Siberia, 
and similarities between unit K4 and the Turkut 
Group, are consistent with a Lomonosov rifting 
model. In this model, the south-directed Early 
Devonian deformation could be a northern con-
tinuation of the Ellesmerian Orogeny (Oldow 
et al., 1987) through the hypothetical Arctidia 
continent. However, because little is known of 
the Neoproterozoic and Paleozoic stratigraphy of 
the submerged fragments of Arctidia and of the 
Taimyr Peninsula, the stratigraphic predictions of 
this model remain to be tested.

The fi xed model for the opening of the Arctic 
predicts that the Katakturuk Dolomite is a north-
ern continuation of the western Laurentian margin 
(Lane, 1997). While the Windermere Supergroup 
contains thick, late Neoproterozoic deposits, 
Ediacaran strata are dominated by clastics and 
separated from the northeastern Brooks Range 
by deep-water deposits in the British Mountains 
(Lane, 1991). Furthermore, the absence of Sibe-
rian fauna in Laurentia argues against a close 

connection between the Arctic Alaska–Chukotka 
microplate and Laurentia in the Paleozoic. Thus, 
a fi xed model for the opening of the Canada 
Basin requires Ediacaran rifting and then reac-
cretion, perhaps in the Early Devonian.

Lastly, the original SAYBIA hypothesis (John-
ston, 2001) can account for both the stratigraphic 
similarities between the Arctic Alaska–Chukotka 
microplate subterranes and the autochthonous 
Canadian Cordilleran terranes, and their similari-
ties and differences with Laurentia. Particularly, 
the inferred subsidence history of the Katakturuk 
Dolomite (involving a failed Cryogenian rift and 
an active late Ediacaran rift) is similar to that of 
the Cordilleran margin and consistent with the 
idea that the Arctic Alaska–Chukotka microplate 
and the rest of SAYBIA rifted away from Lau-
rentia. However, the exclusion of the North Slope 
subterrane with SAYBIA (Johnston, 2008) fails 
to explain the presence of peri-Siberian Paleozoic 
fauna on the North Slope subterrane (Blodgett et 
al., 2002; Dumoulin et al., 2002). Both iterations 
of the SAYBIA hypothesis can be tested with 
more detailed structural and stratigraphic stud-
ies on Neoproterozoic and Paleozoic strata in 
the North Slope and Hammond subterranes, in 
the Farewell and Alexander terranes, and in the 
Canadian Arctic Islands.

CONCLUSION

Detailed lithostratigraphic and chemostrati-
graphic studies coupled with detrital zircon geo-
chronology suggest that: (1) the deposition of 
the Katakturuk Dolomite begins after an early-
Cryogenian diamictite; (2) the Mount Copleston 
volcanics erupted after ca. 760 Ma and are partly 
coeval with the early-Cryogenian glaciations; (3) 
unit K2 is a basal Ediacaran cap carbonate; (4) 
units K2–K4 are Ediacaran in age; and (5) there 
is a large increase in sedimentation rate dur-
ing the deposition of units K4 and N1, coupled 
with two low-angle unconformities. This latter 
observation could be the result of a late Ediac-
aran nonvolcanic rifting event. The Neoprotero-
zoic stratigraphy, detrital zircon geochronology, 
and Paleozoic paleobiogeographic affi nities of 
the North Slope subterrane indicate that the pre-
Mississippian North Slope subterrane portion 
of the Arctic Alaska–Chukotka microplate was 
not simply connected to the Canadian Arctic 
islands. This contradicts the prevailing rota-
tion model for the opening of the Arctic Oceans 
which calls for a Cretaceous formation of the 
Arctic Alaska–Chukotka microplate as it rifted 
away from North America and rotated 66° to 
its present position. If the Canada Basin formed 
through the rifting and rotation of the North 
Slope subterrane away from the Canadian Arc-
tic islands, the rift occurred along a preexisting 
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Early to Middle Devonian suture between Lau-
rentia and the exotic North Slope subterrane.
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