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Abstract

Ordovician rocks, found in northern, east-central, interior, and southern Alaska, formed in a variety
of depositional and paleogeographic settings. Shallow- and deep-water strata deposited along the
northwestern Laurentian margin occur in east-central Alaska (Yukon River area) and probably
correlative rocks crop out to the north in the Porcupine River area. Ordovician strata elsewhere in
Alaska are parts of continental or island arc fragments that, as indicated by faunal and detrital zircon
data, have been variously displaced. In northern Alaska, Ordovician rocks are included in the Arctic
Alaska—Chukotka Microplate (AACM), a composite tectonic entity with a complex history. Some
Ordovician strata in the AACM (parts of the North Slope subterrane) represent displaced fragments
of the northern Laurentian margin. Coeval strata in southwestern parts of the AACM (York and
Seward terranes, Hammond subterrane) share distinctive lithologic and biotic features with
Ordovician rocks in interior Alaska (Farewell and related terranes). Ordovician strata in southeastern
Alaska (Alexander terrane) also likely compose a composite crustal fragment that accumulated in a
complex arc system. Shared features between many of these units suggest similar origins as part of
one or more crustal fragments situated in the paleo-Arctic between Laurentia, Baltica, and Siberia
during early Paleozoic time.
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Ordovician rocks are widely distributed throughout Alaska, represent a range of lithofacies
deposited in shallow- to deep-water marine environments, and occur in several tectonic terranes
with distinct geologic histories (fig. 1). In this chapter we summarize the lithologies, biostratigraphy,
depositional settings, and paleogeographic affinities of these strata, updating previous overviews
(Harris et al. 1995; Blodgett et al. 2002; Dumoulin et al. 2002, 2014; Dumoulin and Harris 2012).

Much of Alaska is roadless and the geology of many areas is not yet known in detail. Lower Paleozoic
rocks in Alaska have mostly been studied as part of regional mapping efforts, so the ages of all or
parts of these successions are generally not well constrained. In addition, many Paleozoic
successions in Alaska have been deformed during Paleozoic or younger tectonic events, and they are
commonly metamorphosed. We focus here on strata of definite Ordovician age in east-central,
northern, interior, and southeastern Alaska (fig. 1). Many Ordovician rock units in Alaska have no
formal stratigraphic names and are referred to below using map unit designations. Fossil ages are
given using modern global stage terminology (Goldman et al. 2020) as well as the series/stage
and/or zone terminology of the paleontologists who described the fossils where appropriate.

Faunal affinities (Dumoulin and Harris 1994, 2012; Blodgett et al. 2002; Dumoulin et al. 2002, 2014;
Strauss et al. 2013) and more recently detrital zircon U-Pb data (Strauss et al. 2013, 2019a; Till et al.
2014a, b; Dumoulin et al. 2018) indicate diverse origins for the Ordovician rocks that occur across
Alaska. Ordovician carbonate rocks that likely formed as part of the Laurentian continental margin
crop out in east-central Alaska, in the Yukon River area; possibly correlative strata occur to the north
in the Porcupine River area (fig. 1). Some Ordovician rocks in northern Alaska (North Slope
subterrane of the Arctic Alaska—Chukotka Microplate, AACM; fig. 1) are also of probable peri-
Laurentian origin. Other Ordovician strata within Alaska contain Laurentian, Siberian, and locally
Baltic endemic faunal elements and most likely were not attached to the Laurentian craton during
their deposition. To avoid a long review of terrane and map unit nomenclature in Alaska, below we
identify what terrane and/or subterrane these various Ordovician rocks belong to and then
differentiate internal exposures based on the regional geography.

East-Central Alaska: Laurentian Margin

Ordovician strata of the Laurentian continental margin are exposed in several Cordilleran thrust
sheets along the Yukon-Alaska border region between the Tintina fault and the Porcupine shear
zone (figs. 1, 2; Churkin and Brabb 1965; Dover 1994). Silberling et al. (1994) separated this region
into two distinct tectonic domains: 1) autochthonous rocks of the North American margin exposed
immediately north of the Tintina fault and south of the Mesozoic Kandik basin (also referred to as
the Nation Arch area, e.g. Payne and Allison 1981, or the Yukon River area herein); and 2) para-
autochthonous or allochthonous rocks of the Porcupine terrane exposed between the Kandik basin
and Porcupine shear zone (fig. 1). The Porcupine terrane nomenclature should most likely be
abandoned, as many of the early Paleozoic rocks in this region are correlative with autochthonous
age-equivalent strata south of the Kandik basin (e.g., Jin and Blodgett 2020); here, we refer to these
exposures as the Porcupine River area. Collectively, lower Paleozoic strata of east-central Alaska
mark the westernmost edge of what has been referred to as the Yukon block in adjacent Canada
(also called the “Yukon Stable Block” or the “Ogilvie Platform”; Morrow 1999), which represents a
distinct paleogeographic high that accommodated platformal carbonate sedimentation along the
northwestern edge of Laurentia (in present coordinates).
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Yukon River Area

Unmetamorphosed, predominantly shallow-water carbonate strata of the lower Cambrian—-Upper
Ordovician Jones Ridge Limestone (Brabb 1967; Taylor et al. 2015) are best exposed in mountainous
regions of the Yukon-Charley Rivers National Preserve along the international border. These rocks
were originally subdivided into an ~900 m thick lower member of lower Cambrian—Lower Ordovician
fine-grained limestone and dolostone and a thinner (~15 m thick) upper member of coarse-grained
Upper Ordovician bioclastic limestone (Churkin and Brabb 1965; Brabb 1967; Rigby et al. 1988, 2008;
Rohr and Blodgett 1994). Recent work by Taylor et al. (2015) tentatively reassigned the lower half of
the Jones Ridge Limestone to the lower-middle Cambrian Funnel Creek Formation and subdivided
the remaining Jones Ridge strata into the informal Squaw Mountain, Harrington Creek, Hi-Yu, and
Nimrod members, in stratigraphically ascending order. Lower Ordovician (Tremadocian) faunas were
recovered in the Hi-Yu member of the Jones Ridge Limestone; these strata are separated by a
significant unconformity from Upper Ordovician (Katian) strata of the Nimrod member. Silurian (mid-
Wenlock) chert and shale of the middle Cambrian—Middle Devonian Road River Group (recently
elevated to Group status by Strauss et al. 2020 in adjacent Yukon, Canada, and adopted herein)
locally onlap the Nimrod member of the Jones Ridge Limestone (Churkin and Brabb 1965; Brabb
1967; Blodgett et al. 1984).

Ordovician deeper-water equivalents of the Jones Ridge Limestone are exposed west of the
mountainous Jones Ridge area but still within the Yukon-Charley Rivers National Preserve and
surrounding regions of the Charley River quadrangle (Churkin and Brabb 1965; Brabb 1967). These
strata consist of fine-grained limestone of the Lower Ordovician (Tremadocian) Hillard Limestone
(Brabb 1967), which is locally unconformably overlain by Middle Ordovician (Darriwilian)-Silurian
chert and shale of the Road River Group (Churkin and Brabb 1965). Age-equivalent shallow-water
carbonate strata of the Bouvette Formation are exposed further north and east in Yukon, Canada
(e.g., Morrow 1999; Pyle 2012).

Porcupine River Area

Ordovician rocks of the Porcupine River area have been examined at only a reconnaissance level and
have no formal stratigraphic names. These poorly understood rocks lack detailed lithologic
descriptions and precise age control and have been reported as an ~600 m thick succession of
mottled to laminated limestone and dolostone (e.g., Brosgé and Reiser 1969; Brabb 1970). Rare
fossil collections from the Porcupine River area document Lower Ordovician conodonts and
brachiopods (Brabb, 1970; Dumoulin and Harris 2012), as well as Middle and Upper Ordovician
brachiopods, corals, and conodonts (Brabb 1970; Oliver et al. 1975; Rohr and Blodgett 1994;
Dumoulin and Harris 2012; Jin and Blodgett 2020). The fossil assemblages from this region are
almost exclusively Laurentian, and it is likely that these strata correlate with age-equivalent strata in
adjacent Yukon, Canada, and the Yukon River area of east-central Alaska.

Northern Alaska: Arctic Alaska—Chukotka Microplate

Ordovician rocks crop out discontinuously across northern Alaska, from the Seward Peninsula
through the Brooks Range, and have also been penetrated by exploration wells beneath the North
Slope (figs. 1, 2). These strata are all included in the AACM, a composite tectonic entity with a
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complex geologic history (Hubbard et al. 1987; Natal’in et al., 1999; Miller et al., 2006). A variety of
different subdivisions have been proposed for this composite microplate; here we mainly follow the
terminology of Till and Dumoulin (1994), Strauss et al. (2013, 2019a, b), and Dumoulin et al. (2014).
Ordovician strata in the northeastern Brooks Range, on the Lisburne Peninsula in northwestern
Alaska, and in the subsurface beneath the North Slope are part of the North Slope subterrane.
Ordovician rocks are also found in the southwestern part of Arctic Alaska, on Seward Peninsula and
in the western and central Brooks Range, all parts of the “southwestern subterranes” of Strauss et
al. (20194, b). Diverse data sources, including faunal affinities, stratigraphic correlations, and detrital
zircon U-Pb analyses, indicate distinct histories for lower Paleozoic strata in these two regions within
the AACM. The Doonerak arc complex in the central Brooks Range also includes Ordovician rocks
(Repetski et al., 1987); this complex marks a tectonic boundary between the North Slope subterrane
and rocks of the southwestern subterranes of the AACM (Strauss et al. 2017).

North Slope Subterrane

Northeast Brooks Range: Platformal Succession. Peri-Laurentian and largely unmetamorphosed
Ordovician carbonate strata of the Sunset Pass Formation (Nanook Group) are exposed in the
Shublik and Sadlerochit Mountains of the northeastern Brooks Range (fig. 1; Dutro 1970; Blodgett et
al. 1986; Strauss et al. 2013, 2019a). These Lower Ordovician (Tremadocian) and Middle(?)/Upper
Ordovician (Katian) strata consist predominantly of peloidal mudstone, wackestone, and grainstone
with rare intervals of biohermal boundstone (Blodgett et al. 1986, 1988; Strauss et al. 2013, 2019a).
Age constraints from this succession are relatively sparse, but Blodgett et al. (1986, 1988) and
Strauss et al. (2013) reported definitively Laurentian Tremadocian (Stairsian) conodonts and
trilobites, as well as non-diagnostic Middle-Late Ordovician gastropods and cephalopods. The Sunset
Pass Formation is overlain by a profound Early Devonian angular unconformity (Blodgett et al. 1988;
Strauss et al. 2019a).

Northeast Brooks Range: Basinal Succession/Whale Mountain Allochthon. Polydeformed peri-
Laurentian Ordovician siliciclastic rocks are exposed in two distinct lower Paleozoic outcrop belts
within the Franklin, Romanzof, British, and Barn Mountains of the northeastern Brooks Range of
Alaska and Yukon. The first belt is the northeast Brooks Range basinal succession of Strauss et al.
(2019b). Lower—Middle Ordovician (Floian—Dapingian) graptolites were reported from an
interbedded black to dark grey chert and slate/phyllite unit in the Firth River area, Yukon (Lane and
Cecile 1989), which is likely correlative with Reiser et al.’s (1980) lithologically similar chert and
phyllite map unit Ccp in the Demarcation Point quadrangle and Strauss et al.’s (2019a) Leffingwell
formation. These strata were previously considered part of the Road River Group (Lane et al. 2015),
but given they are exposed within the peri-Laurentian North Slope subterrane of the AACM, Strauss
et al. (2019b) recommended avoiding nomenclatural ties to autochthonous rocks of the adjacent
Yukon block. The second Ordovician—bearing outcrop belt is from the structurally overlying Whale
Mountain allochthon (Johnson et al. 2019; Strauss et al. 2019a). Middle Ordovician (Darriwilian)
graptolites (Moore and Churkin 1984) have been recovered from grey and black chert, slate, and
mudstone of the Romanzof formation (Johnson et al. 2019), which is correlative with map unit OCcp
of Reiser et al. (1980) or the Romanzof chert of Mull and Anderson (1991). A lithic wacke ~100+ m
above the graptolite collection, in the upper part of the Romanzof formation (Johnson et al., 2019)
has yielded detrital zircons with Middle Ordovician (ca. 460 Ma) maximum depositional ages (Strauss
et al. 2019b). The depositional relationship between Ordovician strata in the basinal succession and
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the Whale Mountain allochthon is poorly understood, although Johnson et al. (2019) hypothesized
they are part of the same tectonically shortened peri-Laurentian passive margin succession. The
peri-Laurentian affinities of these strata are based on Cambrian trilobite assemblages described in
Dutro et al. (1972) and Johnson et al. (2019).

Cape Lisburne. The lviagik Group (Martin 1970; Moore et al. 2002) crops out south of Cape Lisburne;
it consists of Middle and Upper Ordovician (Darriwilian through Katian) graptolitic argillite and shale
overlain by mixed siliciclastic-carbonate turbidites that contain early Silurian (Llandovery) conodonts
and graptolites (Dumoulin et al. 2014 and references therein). Bentonitic(?) layers occur in the lower
part of the succession, which formed in a slope and/or basinal setting (Dumoulin and Harris 2012;
Dumoulin et al. 2014). Silurian turbidites from the upper part of the Iviagik Group produced
abundant ca. 700-400 Ma detrital zircon U-Pb ages, in addition to a range of older, mainly
Mesoproterozoic grains (Dumoulin et al. 2018). This signature has similarities to those of both
Ordovician and Silurian strata in the Farewell terrane, which is discussed below.

North Slope subsurface. Lower Paleozoic strata beneath the North Slope of Alaska that were
penetrated by exploratory petroleum wells are part of a Devonian and older basement complex
(Dumoulin 2001; Dumoulin and Harris 2012). Ordovician and Silurian fossils have been recovered
from dark, organic-rich, siliceous argillite interbedded with radiolarian chert. One core sample
yielded chitinozoans of Late Ordovician (Caradoc to Ashgill) age with strong Baltic paleogeographic
affinities (Carter and Laufeld 1975).

Doonerak Arc Complex

The early Paleozoic Apoon assemblage (Julian 1989; Julian and Oldow 1998) of the Doonerak arc
complex is exposed in a structural window within the central Brooks Range (fig. 1; Mull et al. 1987;
Julian and Oldow 1998; Strauss et al. 2017). The Apoon assemblage was subdivided into four fault-
bounded and informal map units (Pza, Pzc, Pzp, and Pzv) whose primary depositional and/or
intrusive relationships are ambiguous (Julian 1989; Julian and Oldow 1998). Early—-Middle Ordovician
(~478-462 Ma) mafic volcanic and intrusive rocks of map unit Pzv (Dutro et al. 1976; Strauss et al.
2017) yielded calc-alkaline, island arc, and mid-ocean-ridge geochemical signatures (Moore 1987;
Julian and Oldow 1998; Moore et al. 1997). Repetski et al. (1987) also reported poorly preserved
Middle(?) Ordovician conodonts from siliceous volcaniclastic rocks of map unit Pza of the Apoon
assemblage. Strauss et al. (2017) reported Early Ordovician (Tremadocian-Floian) and Middle—Late
Ordovician (Darriwilian—Hirnantian) detrital zircon U/Pb maximum depositional ages from
volcaniclastic units in map units Pzp and Pzc, respectively. Together, these data suggest the
Doonerak arc complex records multiple phases of juvenile volcanism and sedimentation in a long-
lived island arc system. Although there are no paleobiogeographic data from the sparse Ordovician
fossils in the Doonerak arc complex, middle Cambrian trilobite fossils from map unit Pzp have
affinities with Siberian forms (Dutro et al. 1984).

York and Seward Terranes

Ordovician rocks make up the bulk of a thick, unmetamorphosed carbonate succession (York
succession of Dumoulin et al. 2014) in the York terrane (Till and Dumoulin 1994) on western Seward
Peninsula (fig. 1). Variously deformed and metamorphosed carbonate and siliciclastic strata of
Ordovician age also exposed in this area may have formed as parts of the York succession and its
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offshore equivalents. Ordovician carbonate rocks also make up parts of several units within the
blueschist- and greenschist- facies Nome Complex on central and eastern Seward Peninsula (Till et
al. 2014b), part of the Seward terrane of various authors (e.g., Till and Dumoulin 1994).

Megafossils and general lithologies of carbonate rocks in the York terrane are found in Sainsbury
(1969, 1972); more detailed lithofacies and conodont biostratigraphy of Ordovician strata across
Seward Peninsula are described in Dumoulin et al. (2014). Conodont color alteration indices (CAls)
from Seward Peninsula define distinct thermal provinces that likely reflect structural burial during
the Jurassic-Cretaceous Brooks Range orogeny (Dumoulin et al. 2014). CAls of 2 to 5 characterize
unmetamorphosed to weakly metamorphosed strata of the York terrane. Penetratively deformed,
high-pressure rocks of the Nome Complex have CAls of 5 to 8; highest values (>6) reflect
hydrothermal alteration related to dolomitization and/or faulting. We focus here on the
unmetamorphosed rocks of the York succession (fig. 2) and then briefly describe partly coeval, more
deformed and metamorphosed rocks found elsewhere on Seward Peninsula.

York Terrane. The York succession is at least 2000 m thick and consists chiefly of shallow water
carbonate strata of Early Ordovician through at least late Silurian (Ludlow) age that have no formal
stratigraphic names (fig. 2); most precise ages throughout the succession come from conodonts
(Dumoulin et al. 2014 and references therein). Lower Ordovician rocks are the most widely
distributed part of the succession and comprise map units Oal (argillaceous limestone) and Ol
(limestone) of Sainsbury (1969). These units are in part coeval and intergradational, but Oal is as old
as early Tremadocian (Rossodus manitouensis Zone) and Ol is as young as latest Floian or slightly
younger (Reutterodus andinus-Tripodus laevis zones). Both units consist mainly of lime mudstone
and peloid-intraclast grainstone deposited in a deepening upward shelfal regime. Floian (lower
Arenig) graptolitic shale locally interfingers with the carbonate strata. Middle Ordovician rocks are
graptolitic shale interbedded with carbonate turbidites that shallow upward into cephalopod-
bearing limestone; these strata likely accumulated in an intraplatform basin. Youngest Ordovician
rocks are diversely fossiliferous limestones containing rugose corals of probable Katian
(Richmondian) age deposited in locally restricted, shallow-water platform settings.

Biotic and detrital zircon data imply a non-Laurentian origin for the York succession. Conodont and
megafossil faunas from these strata include a distinctive mix of Laurentian and Siberian endemic
forms, particularly well-developed in Early and Late Ordovician (Tremadocian-Floian and Katian)
assemblages (Dumoulin et al. 2014). Trilobites from the Ol unit (Ross 1965) have closest affinities
with coeval faunas from the eastern margin of Baltica (Ormiston and Ross 1979; Dumoulin et al.
2014). A detrital zircon sample from sandy beds in Oal yielded major peaks at ca. 480 Ma and smaller
peaks at ca. 1800, 780, and 600 Ma (Dumoulin et al. 2014, 2018); the youngest peak is close to the
absolute age of the sampled strata based on conodont zonation. This spectrum is similar to those
obtained from Ordovician strata elsewhere in Alaska thought to have a non-Laurentian origin,
further discussed below.

Nome Complex. The Nome Complex (Till et al. 2011, 2014b) encompasses varied lithologies that
have all experienced penetrative deformation and blueschist- and greenschist-facies metamorphism.
Fossils (mainly conodonts) and detrital zircons constrain the protolith ages of these rocks (Till et al.
2011, 20144, b). The complex has been divided into several informal subunits, all of which exhibit a
common set of structural and/or metamorphic features likely formed in the same deformational
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event (Till et al. 2014b). Ordovician rocks are found in three of these subunits: the “Layered

n u

sequence”, “scattered metacarbonate rocks”, and “metaturbidites”.

The Layered sequence includes five map units that occur in a consistent structural order (Till et al.
2011, 2014b). Two units produced Ordovician conodonts: Oim, impure marble, and DOx, a
lithologically mixed unit that includes marble and quartz-graphite schist. Ordovician dolostone (map
unit Od of Till et al. 1986, 2011) is part of the scattered metacarbonate rocks subunit and forms
small, widely dispersed outcrops (Dumoulin et al. 2014). Conodonts indicate mainly Early and a few
probable Middle Ordovician ages; relict sedimentary structures and conodont biofacies imply mostly
shallow- and warm-water depositional settings. Conodonts are mainly cosmopolitan forms but
include some Siberian and Laurentian endemics.

Lower Paleozoic carbonate metaturbidites crop out on northeastern and southeastern Seward
Peninsula (Dumoulin et al. 2014). Both successions have yielded mainly Silurian conodonts but
include some older rocks; conodont CAls are 5-7.5, consistent with the metamorphic grade found
elsewhere in the Nome Complex. The northeastern succession begins with ~50 m of argillite that
contains abundant Late Ordovician graptolites and sparse Ordovician conodonts; graptolites
represent four zones within the Sandbian and Katian (Ryherd et al. 1995). The southeastern
succession yielded one collection of middle Early through Late Ordovician conodonts, including
forms typical of outer shelf or deeper depositional environments (Dumoulin et al. 2014).

Hammond Subterrane

A succession of lower Paleozoic (locally Cambrian through Devonian), mainly carbonate rocks is
discontinuously exposed in the western and central parts of the southern Brooks Range and makes
up a prominent part of the Hammond subterrane (fig. 1; Moore et al. 1994; Strauss et al. 2013,
20193, b). Like the Nome Complex, these strata are deformed and have experienced blueschist- and
greenschist-facies metamorphism, but original sedimentary features are locally well preserved, and
many sections are tightly dated, largely by conodonts. Ordovician rocks in this succession have been
best studied in the western and eastern Baird Mountains in the western Brooks Range and in the
Snowden Mountain area to the east (fig. 2; Dumoulin and Harris 1987, 1994; Dumoulin et al. 2002,
2014). Ordovician strata are also known from a handful of other localities in the Hammond
subterrane, including sites in the Ambler River, Survey Pass, and Arctic quadrangles (Toro 1998;
Brosgé et al. 2001; Till et al. 2008). Lithologic and biotic features of Hammond strata are much like
those in coeval successions on Seward Peninsula, suggesting a common provenance (Dumoulin and
Harris 1994; Dumoulin et al. 2002, 2014).

Western Baird Mountains: The lower Paleozoic carbonate succession in the western Baird Mountains
(Dumoulin and Harris 1987, 1994; Karl et al. 1989) is part of the Baird Group (as restricted by
Dumoulin and Harris 1994) and is like the York succession on Seward Peninsula (Dumoulin et al.
2014). No pre-Ordovician strata are known in the western Baird Mountains, and the carbonate
succession begins with 2400 m of Lower and Middle Ordovician strata deposited in very shallow to
deeper water platformal settings with restricted to normal marine circulation (fig. 2). Two partly
coeval facies are recognized. The older, Lithofacies Il, is similar to unit Oal in the York succession; it
includes strata of R. manitouensis Zone through Macerodus dianae Zone age with locally abundant
non-carbonate detritus. Lithofacies | extends from the middle Tremadocian into the Floian or slightly
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higher and resembles unit Ol in the York succession. Several intervals of dark, fine-grained
metacarbonate rock that produced cool-water conodonts of Early and Middle Ordovician age
represent slightly deeper water incursions within the predominantly shallow-water section. Areally
restricted Upper Ordovician strata yielded conodonts typical of mid- to outer-platform settings.

Eastern Baird Mountains and Snowden Mountain area: Carbonate platform successions in these
areas correlate well and include Neoproterozoic(?), Cambrian, and Ordovician strata. Ordovician
rocks in the eastern Baird Mountains have no formal stratigraphic names and form a shallowing
upward succession overlying Cambrian strata that is capped by Upper Ordovician and Silurian
shallow-water dolostone and metalimestone (fig. 2). Lower to lower Upper Ordovician rocks (unit
Opc of Till and Snee 1995; subunits 3 and 4 of unit OCc of Karl et al. 1989) are carbonaceous phyllite,
metachert with radiolarians, and calcareous interbeds that increase upward in abundance and
thickness and pass from basinal carbonate turbidites to platformal bioclastic grainstone. The age of
this interval is well constrained by Floian through Darriwilian (Arenig-Llanvirn) graptolites (Carter and
Tailleur 1984) and Darriwilian (Llanvirn—Caradoc?), chiefly cool-water conodonts.

The metacarbonate succession in the Snowden Mountain area is much like that in the eastern Baird
Mountains. Ordovician strata at Snowden Mountain are included in two informal units (Dumoulin
and Harris 1994). The Snowden Creek unit consists of carbonaceous phyllite, metachert, and
metalimestone. Conodonts indicate an age of Middle to early Late Ordovician (late Arenig to early
Caradoc?); lithofacies and biofacies indicate deposition in settings that shallowed upward from basin
and slope to platform. This unit is overlain by the Mathews River unit, which consists of Upper
Ordovician and Silurian shallow-water carbonate rocks.

Summary and Discussion

As highlighted above, the AACM is a composite microplate that hosts diverse Ordovician-bearing
carbonate and siliciclastic sedimentary successions with Laurentian, Siberian, and Baltic
paleogeographic affinities. In the North Slope subterrane, Ordovician strata are exposed in four
different localities: 1) the northeast Brooks Range platformal succession; 2) the northeast Brooks
Range basinal succession; 3) Cape Lisburne; and 4) the North Slope subsurface. The northeast Brooks
Range platformal and basinal successions most likely represent displaced fragments of the northern
Laurentian margin (fig. 3), with potential affinities to the Franklinian basin of Ellesmere Island,
Canada, and Greenland (Strauss et al. 20194, b). In contrast, the affinities of the lower Paleozoic
strata at Cape Lisburne and in the North Slope subsurface remain ambiguous. The Cambrian-Silurian
Doonerak arc complex marks a prominent tectonic boundary between the North Slope subterrane
and rocks of the southwestern subterranes of the AACM (Strauss et al. 2017).

The southwestern subterranes include strata on the Seward Peninsula (York and Seward terranes)
and in the western and central Brooks Range (Hammond subterrane). Ordovician rocks in the
southwestern subterranes are part of a discontinuously exposed succession of early Paleozoic
(locally, Cambrian to Devonian) age; these strata share lithologic and biotic features that suggest a
similar origin. Most are carbonate rocks that may once have been part of a single continental margin
succession, the North Alaska carbonate platform of Dumoulin et al. (2002). Subordinate siliciclastic
strata likely accumulated in more distal settings along this margin. Paleozoic, Mesozoic, and Tertiary
tectonic events disrupted the original distribution of this succession, and much of it has been
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metamorphosed to greenschist and blueschist facies. Unmetamorphosed Ordovician rocks in this
region occur only on northwestern Seward Peninsula. Ordovician strata in the southwestern
terranes contain a highly distinctive early Paleozoic biota that includes Laurentian, Siberian, and
some Baltic endemic forms (Blodgett et al. 2002; Dumoulin et al. 2002, 2012, 2014). This biota, along
with detrital zircon data (Till et al. 2014a), suggest that the southwestern subterranes were situated
in the paleo-Arctic realm between Laurentia, Siberia, and Baltica during Ordovician time (fig. 3;
Dumoulin et al. 2002, 2012, 2014, 2018).

Interior Alaska: Ruby Terrane

The Ruby terrane (Jones et al. 1987; Silberling et al. 1994) is a Proterozoic(?)—Paleozoic assemblage
that extends southwest from the southeastern margin of the AACM (fig. 1). It consists of blueschist
and greenschist facies metamorphic rocks, chiefly schist and quartzite and lesser carbonate and
metabasite (Patton et al. 1994; Patton and Moll-Stalcup 2000; Till et al. 2008). Few precise ages are
known from these strata and the paleogeographic affinities of the terrane are uncertain; a shared
Devonian-Jurassic tectonic history with the AACM has been proposed (e.g., Roeske et al. 2017).

Dolostone in the southwestern part of the Ruby terrane (Nulato quadrangle) produced Ordovician
conodonts from several samples (fossil locality 33 in Patton and Moll-Stalcup 2000). The most tightly
dated fauna is diagnostic of the Pygodus serra Zone of the Middle Ordovician (upper Darriwilian) and
indicates a mid-shelf to basinal depositional environment (Dumoulin and Harris 2012). Conodonts of
this same age and biofacies are found in parts of the Hammond subterrane (eastern Baird
Mountains, Snowden Mountain area) discussed above (Karl et al. 1989; Dumoulin and Harris 1994).

Interior Alaska: Farewell and Related Terranes

South of the Ruby terrane, Ordovician rocks occur in several other terranes in interior Alaska.
Definitively Ordovician strata that are mostly unmetamorphosed are widespread in the Farewell
terrane, and partly coeval and possibly correlative strata are found in the White Mountains and
Livengood terranes (fig. 1).

Farewell Terrane

The Farewell terrane (Decker et al. 1994; Bradley et al. 2014; Dumoulin et al. 2018) is a large
continental fragment made up of a Proterozoic basement complex overlain by mainly
unmetamorphosed younger Proterozoic through Mesozoic strata; these younger rocks are divided
into several subterranes. Ordovician strata occur in the Nixon Fork subterrane, a Neoproterozoic to
Devonian carbonate platform succession, and its deep-water equivalent, the Dillinger subterrane.
These rocks have lithologic, biotic and other similarities to coeval successions in northern and
southeastern Alaska.

Nixon Fork Subterrane. Rocks of the Nixon Fork subterrane have been studied in some detail in the
Medfra quadrangle and to the south in the Lone Mountain area (central McGrath quadrangle; figs. 1,
2). A thick succession of Ordovician through Devonian, chiefly shallow-water strata is exposed in the
eastern Medfra quadrangle (Dutro and Patton 1982; Dumoulin and Harris 2012 and references
therein). The oldest unit, the Novi Mountain Formation, is 900 m thick and consists of limestone,
silty limestone, and calcareous shale of Early Ordovician (Tremadocian) age. It is succeeded by the
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Telsitna Formation, 2000 m of micritic to peloidal limestone of Floian through Hirnantian age. Both
units accumulated mainly in inner to middle platform environments, although the uppermost part of
the Telsitna includes Katian to Hirnantian calcareous turbidites and radiolarite deposited in deeper
water settings.

Strata in the Lone Mountain area represent an outlier of the Nixon Fork carbonate platform.
Unnamed Cambrian and Ordovician dolostones overlie a late(?) Neoproterozoic sedimentary
succession (Babcock et al. 1994; Dumoulin and Harris 2012; Dumoulin et al. 2018). Definitively
Ordovician strata here yielded Tremadocian-Floian conodonts and Late Ordovician conodonts and
diverse megafossils; lithofacies and biofacies indicate shallow- to very shallow-water platformal
settings (Dumoulin and Harris 2012 and references therein).

Ordovician biotas of the Farewell terrane, like those of the southwestern subterranes of the AACM,
contain a distinctive mixture of Siberian, Laurentian, and lesser Baltic endemic species (Blodgett et
al. 2002; Dumoulin et al. 2002, 2012, 2018; Rasmussen et al. 2012). Identical endemic Ordovician
conodont species, some with Laurentian and some with Siberian biogeographic affinities, occur in
the carbonate successions of the Farewell terrane and in coeval strata on Seward Peninsula and in
the western and central Brooks Range; megafossil assemblages in these areas also show similarities
(Dumoulin et al. 2014).

Dillinger Subterrane. The Dillinger subterrane is exposed mainly east and southeast of Lone
Mountain and consists of Cambrian through Devonian turbidites and related strata deposited in
slope to basinal settings (figs. 1, 2). The succession has been best studied in the McGrath
guadrangle, where it begins with the upper Cambrian to Lower Ordovician Lyman Hills Formation
(Bundtzen et al. 1994, 1997). This unit is mainly parallel- and cross-laminated silty limestone with
Furongian conodonts and Early Ordovician (Tremadocian; Adelograptus tenellus Zone) graptolites
(Churkin and Carter 1996; Bundtzen et al. 1997). These strata are overlain by the Ordovician to lower
Silurian Post River Formation, which is largely dark graptolitic shale and argillite; graptolite zones
diagnostic of Floian through Katian age are recognized in the Ordovician part of this unit (Churkin
and Carter 1996). Very fine-grained sandstone interbedded with shale bearing late Darriwilian—early
Sandbian graptolites produced a detrital zircon sample with a youngest U/Pb age population of ca.
491 Ma (latest Cambrian), as well as abundant Neoproterozoic and rare Mesoproterozoic grains
(Dumoulin et al. 2018).

White Mountains and Livengood Terranes

The White Mountains and Livengood terranes (Silberling et al. 1994) are exposed northeast of the
Farewell terrane (fig. 1); biotic, lithologic, and detrital zircon data suggest ties between lower
Paleozoic strata in all three areas (Blodgett et al. 2002; Dumoulin et al. 2014, 2018). White
Mountains and Livengood strata are structurally complex and have undergone low-grade
metamorphism.

The lower Paleozoic succession in the White Mountains terrane begins with the Fossil Creek
Volcanics, a succession of alkali basalt, agglomerate, and volcaniclastic conglomerate, with lesser
limestone and feldspathic sandstone (Mertie 1937; Weber et al. 1992; Reifenstuhl et al. 1998). The
base of this unit is generally covered or faulted, and it is thought to have formed in an extensional
setting along a continental margin (Wheeler et al. 1987; Weber et al. 1992). Abundant fossils have
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been interpreted to indicate an age of early Early Ordovician (early Tremadocian) for the lower part
of the Fossil Creek and a late Late Ordovician (late Katian; Ashgill) age for the upper beds (Blodgett
et al. 1987; Weber et al. 1994); the age of magmatism is uncertain. The Fossil Creek Volcanics are
overlain by the Silurian-Devonian Tolovana Limestone (Blodgett et al. 1987; Weber et al. 1994),
which contains conodonts of early Silurian (early to middle Llandovery) age a few meters above the
base.

Recent detrital zircon data indicate that at least part of the Fossil Creek Volcanics is no older than
Silurian (Dumoulin et al. 2018). Two samples of volcaniclastic sandstone and conglomerate from the
uppermost 8 m of the unit, interbedded with limestone that produced late Katian (Ashgill)
brachiopods and corals (Blodgett et al. 1987), yielded peak (and maximum depositional) ages of ca.
438 and 436 Ma (early Silurian; Llandovery; Dumoulin et al. 2018). One possible resolution of the
conflict between fossil and detrital zircon ages is that Late Ordovician fossils were eroded and
redeposited into younger (early Silurian?) strata. Further work at additional localities is needed to
clarify the age of the Fossil Creek Volcanics, but the prominent detrital zircon peaks in this unit
match well with those in Silurian and Devonian units in the Dillinger subterrane discussed above
(Dumoulin et al. 2014).

The Ordovician Livengood Dome Chert is widespread within the Livengood terrane; it consists of
varicolored chert and mudrock, with rare coarser clastic strata, limestone, and mafic volcanic rocks
(Chapman et al. 1980; Weber et al. 1992; Athey and Craw, 2004). The unit has produced conodonts
and ostracod steinkerns of Early to earliest Middle Ordovician age and late Katian (Ashgill)
graptolites, as well as sponge spicules and poorly preserved radiolarians (Chapman et al. 1980;
Weber et al. 1994) and likely accumulated in outer shelf to basinal settings (Harris et al. 1995; Athey
and Craw 2004). Fine- to medium-grained volcaniclastic sandstone at the reference section of this
unit produced a unimodal detrital zircon peak (and maximum depositional age) of ca. 486 Ma (latest
Cambrian); no older zircons were found in this sample (Dumoulin et al. 2014). This peak is close in
age to the younger of the two predominant age populations in the Post River Formation (ca. 490 Ma)
in the Dillinger subterrane, discussed above.

Southwest Alaska: Goodnews/Kilbuck Terranes

The Goodnews terrane in southwestern Alaska is a Mesozoic subduction assemblage that includes
Paleozoic strata with oceanic and continental affinities (Decker et al. 1994; Dumoulin and Harris
2012); it lies directly south of the Kilbuck terrane, an assemblage of Proterozoic metamorphic rocks
(Bradley et al. 2014; fig. 1). Coherent limestone blocks of Ordovician age (parts of map unit DOI of
Hoare and Coonrad 1978) occur sparingly in mélange of the Nukluk subterrane of the Goodnews
terrane (Decker et al. 1994). These blocks consist of thin bedded to massive limestone and
metalimestone that produced tropical cosmopolitan conodonts of probable early Early Ordovician
(Tremadocian) age and normal marine, shallow water biofacies, with CAls of 4.5 to 6 (Dumoulin and
Harris 2012 and references therein). Carbonate strata of unit DOI are spatially associated with
Proterozoic amphibolite facies rocks of the Kilbuck terrane but also with mafic volcanic rocks (Hoare
and Coonrad 1978; Decker et al. 1994). Map relations thus suggest that DOl was deposited on
continental basement (Kilbuck terrane) and/or on oceanic seamounts adjacent to the continental
margin. Lower Paleozoic carbonates of the Goodnews terrane may have ties to coeval strata in the
Farewell terrane (S.E. Box pers. comm. in Dumoulin and Harris 2012); U-Pb igneous and detrital
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zircon ages indicate links between the Kilbuck and Farewell terranes and the AACM (Bradley et al.
2014).

Southeast Alaska: Alexander Terrane

The Alexander terrane in southeastern Alaska and western Canada (fig. 1) is a Neoproterozoic-
Jurassic crustal fragment that encompasses several subterranes (e.g., Berg et al. 1978; Gehrels and
Saleeby 1987; Beranek et al 2012). Distinct lower Paleozoic sedimentary and volcanic successions
that include Ordovician rocks are recognized in northern and southern parts of the Craig subterrane
and in the Admiralty subterrane (Beranek et al. 2012, 2013). Lower Paleozoic strata in both
subterranes overlie Neoproterozoic metamorphic rocks; those in the Craig subterrane formed as
part of an early Paleozoic volcanic arc system (e.g., Beranek 2012, 2013; Tochilin 2014; White et al.
2016).

Craig Subterrane

Northern Craig Subterrane. Lower Paleozoic strata in the Saint Elias Mountains (Yukon Territory and
British Columbia, Canada) include two informally named units that are in part Ordovician; both units
have been deformed and metamorphosed (Beranek et al. 2012, 2013). The Cambrian-Middle
Ordovician Donjek assemblage encompasses quartzose to calcareous sandstone, lesser volcaniclastic
sandstone, mafic sills, and basalt. It contains late Cambrian-Early Ordovician conodonts, bivalves,
and brachiopods and is overlain by limestone that has produced Early to Middle Ordovician
conodonts, ellesmeroceroid cephalopods, and gastropods (Beranek et al. 2012 and references
therein). The Donjek assemblage is thought to record rifting of the so-called “Descon arc” and
deposition in a shallow-marine, back-arc basin (Beranek et al. 2012).

The Donjek assemblage includes strata with two distinct detrital zircon signatures (Beranek et al.
2013). Quartz-rich sandstone yielded mainly Neoproterozoic (ca. 760 to 565 Ma) and subordinate
older grains, whereas volcaniclastic sandstone recorded a unimodal detrital zircon U/Pb age
population with a peak at ca. 477 Ma (Early Ordovician; Beranek et al. 2013). The latter signature has
similarities to those of Ordovician strata in northern and interior Alaska (unit Oal in the York terrane,
parts of the Doonerak arc complex, and the Livengood Dome Chert in the Livengood terrane; Strauss
et al. 2017; Dumoulin et al. 2018).

The Upper Ordovician-Silurian Goatherd assemblage consists of limestone, argillite and calcareous
sandstone that formed in shallow- to deep-marine settings; argillite units contain Middle and Late
Ordovician (Darriwilian and Sandbian) graptolites (Norford and Mihalynuk 1994; Beranek et al.
2012). This Ordovician carbonate platform unit does not occur throughout other regions of the
Alexander terrane.

Southern Craig Subterrane. Two lower Paleozoic successions on Prince of Wales Island include
Ordovician rocks that formed within a juvenile island arc system potentially correlative with the
Descon arc of the northern Craig subterrane (Gehrels and Saleeby 1987; Beranek et al., 2012;
Dumoulin and Harris 2012; Tochilin et al. 2014; White et al., 2016) and the Doonerak arc complex of
the AACM (Strauss et al., 2017)). The Descon Formation (fig. 2) is a thick succession of graywacke
turbidites, mafic to felsic volcanic rocks, and lesser limestone, shale, and chert that is locally
penetratively deformed and metamorphosed to greenschist facies; it contains Early Ordovician to
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Silurian graptolites (Churkin and Carter 1970; Eberlein and Churkin 1970; Eberlein et al. 1983). The
oldest graptolites are mid-Tremadocian (Adelograptus antiquus Zone; Eberlein et al. 1983); faunas
diagnostic of several Middle and Late Ordovician graptolite zones are also recognized (Churkin and
Carter 1970; Eberlein et al. 1983; Fig. 17, col. 14 in Dumoulin et al. 2014). Sedimentary and volcanic
rocks that resemble the Descon Formation and are informally called the Moira Sound unit (Ayuso et
al. 2007) have produced late Cambrian-Early Ordovician conodonts and Middle and/or Late
Ordovician graptolites (Dumoulin and Harris 2012 and references therein; Tochilin et al. 2014).
Detrital zircon spectra from the Descon Formation and the Moira Sound unit have peak ages of ca.
460 Ma (late Middle Ordovician); the Moira Sound sample also contains abundant late
Neoproterozoic (Ediacaran) grains (ca. 580 to 542 Ma; Tochilin et al. 2014; Dumoulin et al. 2018).

Admiralty Subterrane

The Hood Bay Formation (Loney 1964) of the Admiralty subterrane consists of radiolarian chert,
argillite, graywacke, limestone, and pillow basalt deposited in a basinal setting (Beranek et al. 2012).
Argillite in this unit contains Late Ordovician (late Sandbian) graptolites (Climacograptus bicornis
Zone; Carter 1977).

Summary and Discussion

White et al. (2016) synthesized available faunal, lithologic, U-Pb geochronologic, and Hf isotopic
information to illuminate the history of the composite Alexander terrane. These authors proposed
that Alexander terrane was a single tectonic entity and that the southern part of the terrane (e.g.,
rocks on Prince of Wales Island) formed in a juvenile Neoproterozoic-early Paleozoic arc system with
little continental influence, whereas rocks to the north (e.g., Saint Elias Mountains) were deposited
adjacent to a Neoproterozoic-early Paleozoic magmatic system with continental affinities. Building
upon previous work, these same authors posited that during the early Paleozoic, the Alexander
terrane was in the paleo-Arctic realm, with the northern part of the terrane adjacent to Baltica
(White et aal., 2016). Contrasts in the geology and provenance of the northern and southern Craig
subterrane regions (i.e., Saint Elias Mountains and Prince of Wales Island) led Strauss et al. (2017)
and McClelland et al. (in press) to suggest the Alexander terrane may have comprised independent
arc and/or crustal fragments in the early Paleozoic (fig. 3) with assembly of the composite Alexander
terrane during the late Silurian—Early Devonian Klakas orogeny. Faunal and detrital zircon data
suggest proximity between the Alexander and Farewell terranes and the southwestern subterranes
of the AACM in the Ordovician (Dumoulin et al. 2018).

Conclusions

Ordovician strata occur in diverse carbonate and siliciclastic successions found across Alaska; faunal,
lithologic, and detrital zircon U-Pb data indicate that few of these successions formed as part of
Laurentia. Ordovician rocks in the Yukon River area of east-central Alaska are one exception. Here,
the Jones Ridge Limestone and equivalent deeper water strata of the Hillard Limestone and Road
River Group were deposited on the western edge of the Yukon block, a paleotopographic high on the
northwestern margin (in present-day coordinates) of Laurentia. Less studied Ordovician rocks in the
Porcupine River area to the north likely correlate with the Yukon River area strata. Laurentian fossil
assemblages characterize Ordovician rocks in both areas.
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Ordovician successions are widely distributed throughout northern Alaska; all are included in the
AACM, a composite tectonic entity made up of crustal and arc fragments (subterranes and terranes)
with varied histories. The North Slope subterrane includes exposures in the northeastern Brooks
Range and at Cape Lisburne in northwest Alaska, as well as subsurface strata beneath the North
Slope. Ordovician rocks are part of both carbonate platformal and basinal successions in the
northeastern Brooks Range. Laurentian fossils characterize these successions, which likely represent
displaced fragments of the northern Laurentian margin. Paleogeographic affinities of Ordovician
rocks elsewhere in this subterrane—deep-water strata found at Cape Lisburne and in the North
Slope subsurface—remain uncertain.

Southwestern parts of the AACM also include Ordovician rocks. These strata, mainly platform
carbonates, occur in the York and Seward terranes on Seward Peninsula and in the Hammond
subterrane in the western and central Brooks Range. Lithologic correlations and a distinctive fauna
that includes Siberian, Laurentian, and lesser Baltican endemic forms link the lower Paleozoic rocks
in these areas and suggest a common origin on a crustal fragment (North Alaska carbonate platform)
sited within the paleo-Arctic realm. Detrital zircon data support a non-Laurentian origin for these
strata.

Non-Laurentian origins are also likely for Ordovician rocks elsewhere in Alaska described above. The
Farewell, White Mountain, and Livengood terranes of interior Alaska include diverse Ordovician
strata deposited in shallow- and deep-water environments. Biotic and detrital zircon analyses
provide numerous ties between these terranes, the North Alaska carbonate platform, and volcanic
arc-related rocks of the Alexander terrane (southeast Alaska) and indicate similar depositional
settings within the paleo-Arctic during Ordovician time. Lesser-known Ordovician strata in the Ruby
terrane (interior Alaska) and the Goodnews terrane (southwest Alaska) have affinities with coeval
parts of the North Alaskan carbonate platform and the Farewell terrane, respectively, and may have
a comparable provenance.
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Figure Captions

Fig. 1: Simplified terrane map of Alaska modified after Silberling et al. (1992, 1994) and Colpron and
Nelson (2020). Note lack of terrane classification in the Yukon Flats region is a function of unclear
regional geological relationships. PSZ, Porcupine Shear Zone. Numbers refer to locations shown in
Figure 2 (columns 1-16), as well as described in the main text. Laurentian margin: 1-Yukon River area
of east-central Alaska; 2—Porcupine River area. Arctic Alaska—Chukotka microplate: 3—northeast
Brooks Range platformal succession, North Slope subterrane; 4—northeast Brooks Range basinal
succession/Whale Mountain allochthon, North Slope subterrane; 5-Doonerak arc complex; 6-York
Mountains, York terrane; 7-western Baird Mountains, Hammond subterrane; 8—eastern Baird
Mountains, Hommond subterrane; 9-Snowden Mountain area, Hammond subterrane. 10-Ruby
terrane. Farewell terrane: 11-Medfra quadrangle, Nixon Fork subterrane; 12—Lone Mountain area,
Nixon Fork subterrane; 13—McGrath quadrangle, Dillinger subterrane. 14-White
Mountains/Livengood terranes. 15-Goodnews/Kilbuck terranes; Goodnews terrane here included in
the Koyukuk terrane. Alexander terrane: 16—Prince of Wales Island, Craig subterrane; 17—-Admiralty
Island, Admiralty subterrane.

Fig. 2: Correlation of Ordovician rocks in selected areas of east-central, northern, interior, and
southeastern Alaska. See Figure 1 for locations of columns; adapted from Dumoulin and Harris
(2012) and Dumoulin et al. (2014). Only fossil groups that most narrowly restrict age of collection or
unit are shown. British series Tremadoc through Ashgill were used in many original conodont age
assignments; modern global stages Tremadocian through Hirnantian are shown in right-hand
column. D., Dapingian; Dar., Darriwilian; H., Hirnantian; Trem., Tremadocian. Correlations between
British series and global stages, and between conodont and graptolite zones and global stages, from
Goldman et al. (2020). Ordovician rock units in columns 6, 8, and 12 have no formal or informal
stratigraphic names. L., Lyman Hills Formation; MR, Mathews River unit; NMF, Novi Mountain
Formation. BR, Brooks Range; NE, northeastern; POW, Prince of Wales Island.

Fig. 3: Schematic Late Ordovician (Katian) paleogeographic reconstruction of the circum-Arctic after
Strauss et al. (2017) and McClelland et al. (in press) with key Alaskan terranes discussed in the text
highlighted in blue text. Arctic Alaska—Chukotka microplate (AACM): AAns—North Slope subterrane;
AAsw—southwestern subterranes (including York/Seward terranes); Ch—Chukotka Peninsula (Russia)
and Chukchi shelf region of the southwestern subterranes; D—-Doonerak arc complex. Alexander
terrane: ATsc—Southern Craig subterrane (Prince of Wales Island); ATnc—Northern Craig subterrane
(Saint Elias region); ATa—Admiralty subterrane. F—Farewell terrane. P—Pearya terrane of Ellesmere
Island, Canada. S-K-Sierra-Klamath terranes of California and Oregon. Svalbard: Sve—eastern
basement province; Svyw—northwestern-southwestern basement provinces.
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Figure 1
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Figure 3



