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Abstract
The Farewell terrane is an exotic continental fragment 

in interior Alaska that during the early Paleozoic was the 
site of a passive margin. We report a 238U/206Pb zircon age of 
432.9±3.0 Ma from a Farewell terrane ash in Mt. McKinley 
quadrangle, Alaska. This age overlaps with prominent detrital 
zircon age maxima reported from Silurian and Devonian strata 
from the Farewell, Arctic Alaska-Chukotka, White Mountains, 
Alexander, and Yreka terranes, and from parautochtonous 
Silurian and Devonian foreland-basin strata along the Lauren-
tian margin in the Canadian Arctic and Alaska. These find-
ings can be explained in terms of refinements to the extrusion 
model of Colpron and Nelson (2011). In the original model, 
the Farewell terrane was interpreted as having been extruded 
westward into the paleo-Pacific realm from an initial posi-
tion along the Siberian margin of the Uralian seaway, that is, 
the early Paleozoic ocean between Siberia and Baltica. We 
suggest (1) that the Farewell terrane was deposited along a 
passive margin that faced into the Uralian seaway; (2) that the 
terrane more likely originated along the northern or eastern 
margin of Baltica (present directions), rather than Siberia; 
and (3) that the Silurian ash and Silurian detrital zircons were 
derived from a magmatic source along a convergent margin 
that overrode distal parts of the Farewell passive margin dur-
ing the Late Ordovician and Silurian. The Farewell terrane 
was eventually dislodged from Baltica, began to travel with 
the extruding plate, and was conveyed toward the Pacific to its 
eventual resting place in Alaska. 

Introduction 
The Farewell terrane is an exotic continental fragment 

in the western interior of Alaska (fig. 1). Its hallmark is a 
late Neoproterozoic to early Paleozoic continental margin, 
which includes a distal, deep-water succession, the Dillinger 
subterrane of Bundtzen and others (1997). During geologic 
investigations in the 1990s, ash layers were found interbed-
ded with turbidites in the Dillinger succession in the McGrath 
1:250,000 quadrangle, and in correlative strata in the Mt. 
McKinley 1:250,000 quadrangle (Bundtzen and others, 1997; 
Dumoulin and others, 1998a) (fig. 2). These ashes are impor-
tant to the regional tectonic evolution because they provide 
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Silurian Ash in the Farewell Terrane, Alaska

evidence for early Paleozoic volcanism on or near the Fare-
well terrane, and thus suggest that the continental margin 
was not a typical Atlantic-type, passive margin at that time. 
When Dumoulin and others (1998a) published their report, no 
geochronological data were available for the ashes in the Mt. 
McKinley quadrangle, although a Silurian age was inferred 
from indirect fossil evidence. Here we present U-Pb zircon 
data that confirm and refine the Silurian age, and explore the 
tectonic implications for evolution of the Farewell terrane.

Geologic Setting

Most of Alaska is a collage of continental fragments, 
magmatic arcs, and deformed sedimentary basins, which were 
assembled in stages through much of the Phanerozoic and 
continue to be reshuffled along active strike-slip faults. Figure 
1 shows the outline of the Farewell terrane and various other 
terranes that are mentioned or discussed below: the Arctic 
Alaska-Chukotka, Kilbuck, White Mountains, Livengood, 
and Alexander terranes. What has long been referred to as the 
Arctic Alaska-Chukotka terrane (Moore and others, 1994) con-
sists of Jurassic and older rocks of the Brooks Range orogen 
that predate the Brookian orogeny. The North Slope subterrane 
of the Arctic Alaska terrane is now regarded as a separate, 
formerly independent block of Laurentian origin (Strauss and 
others, 2013; Lane and others, 2016), which prior to Brookian 
orogenesis should be considered separately from the rest of the 
Arctic Alaska terrane. Arc rocks in the core of the Doonerak 
window (fig. 1) also appear to belong to still another separate 
block (Strauss and others, 2017).

Rocks of the Farewell terrane are exposed across an area 
about the size of Switzerland. Its components, whose relations 
are summarized in figure 3, are: (1) the Nixon Fork subterrane, 
a late Neoproterozoic to Devonian platformal succession that 
overlies an older Neoproterozoic basement complex; (2) the 
Dillinger subterrane, which ranges from Cambrian to Devo-
nian and is the deep-water equivalent of the Nixon Fork plat-
form; and (3) the Mystic subterrane, a Devonian to Cretaceous 
mixed succession of carbonate, siliciclastic, and mafic volca-
nic rocks, which overlaps both the Nixon Fork and Dillinger. 
These subterranes were formerly classified as separate terranes 
(Jones and others, 1987; Silberling and others, 1994; Patton 
and others, 1994) but were later grouped into a single entity, 
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the Farewell terrane, on the basis of shared history (Decker and 
others, 1994). The main outcrop areas of the Farewell terrane 
are in the Kuskokwim Mountains and the western Alaska Range 
(fig. 1). The terrane is cut by the Denali Fault, a crustal-scale 
structure that is responsible for about 133 km of dextral map 
separation of Farewell rocks (Miller and others, 2002).

In the McGrath quadrangle where it is best exposed 
and most thoroughly documented, the Dillinger subterrane 
consists of (1) the Cambrian-Lower Ordovician Lyman 
Hills Formation, dominantly deep-water limestone; (2) the 
Ordovician-Silurian Post River Formation, mainly black shale, 
argillite, and lesser chert and limestone; (3) the Silurian Terra 
Cotta Mountains Sandstone, dominantly turbidites; and (4) 
the Devonian Barren Ridge Limestone, deep-water carbonate 
rocks (Churkin and Carter, 1996; Bundtzen and others, 1997). 

The area of the present study is within a fault-bounded 
tract of sedimentary and low-grade metasedimentary rocks 
far to the east in the central Alaska Range in the Mt. McKin-
ley and Healy quadrangles (figs. 1 and 2). These strata were 

Figure 1. Generalized tectonic map of Alaska showing the Farewell terrane and selected other terranes. 
Abbreviations for 1:250,000 quadrangles: HE, Healy; MD, Medfra; MG, McGrath; MM, Mount McKinley. 
Adapted from Silberling and others (1994).

mapped in reconnaissance by Csejtey and others (1992, 1996) 
as “unit DOs,” that is, Devonian to Ordovician sedimentary 
rocks. Csejtey and others (1996) and Dumoulin and others 
(1998a) correlated various rocks within unit DOs with strata 
of the Dillinger and Mystic subterranes, making them the 
most easterly belt of rocks assigned to the Farewell terrane. 
Dumoulin and others (1998a) described the sedimentology and 
structure of unit DOs in detail at selected localities (fig. 2) and 
noted likely equivalents of the Lyman Hills Formation, Post 
River Formation, and Terra Cotta Mountains Sandstone.  

Dumoulin and others (1998a) found ash and tuffaceous 
beds at six localities in Mt. McKinley quadrangle (locs. 1, 6, 
8, 9, 10, and 15 in fig. 2). Ashes at two of the localities are 
interbedded with variably calcareous siliciclastic turbidites of 
what was informally referred to as “subunit B,” a proposed 
correlative of the Terra Cotta Mountains Sandstone (Dumoulin 
and others, 1998a). A gently folded, 8–10-m-thick section at 
location 9 (fig. 2) consists chiefly of thin-bedded, parallel- 
to cross-laminated, calcareous radiolarite with subordinate 
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interbeds (0.5–1.4 m thick) of very fine to medium-grained, 
calcareous graywacke turbidites. A detailed measured sec-
tion of the basal 1.65 m of this exposure (fig. 4) encompasses 
at least 12 discrete ash layers that range in thickness from 
a few millimeters to 2 cm, in color from white to yellow to 
gray to reddish brown, and in texture from friable to pasty to 
indurated. 
The dated layer—1.1 m above the base of the measured sec-
tion—is 2 cm thick, light gray, and indurated. A 10-cm-thick 
bed of parallel- to cross-laminated calcareous radiolarite 0.5  m 
below the dated ash produced a conodont fauna of probable 
Silurian (Wenlock or younger) age (Dumoulin and others, 
1998a). Thin sections from this bed and a similar bed near the 
base of the section contained whitish ash lenses and layers, 4 
to 7 mm thick, that are rich in silt- to sand-sized euhedral to 
subhedral grains of feldspar and quartz.

U-Pb Geochronology
Zircon grains were separated from samples of four differ-

ent ash layers at location 9 (field number 96AD8; coordinates 
63.3550° N, 150.3106° W). The ash samples were remarkably 
soft and pliable, presumably owing to surface weathering. The 
mineral separation took fewer steps and was faster than usual 
because the samples could be disaggregated using a kitchen 
blender and then poured directly onto a Wilfley table. Sample 
96AD8F was selected for geochronology. The zircons from 

Devonian to Cretaceous
sedimentary and volcanic rocks

Mystic subterrane

Nixon Fork subterrane
Neoproterozoic to Devonian

carbonate platform

Dillinger subterrane

Cambrian to Devonian
deep-water basin

Continental basement Unknown 
basementNeoproterozoic (and older?)

******* ~433-Ma ash

Fig. 3, Farewell nomenclature, last edits Dec. 8 2017

Figure

Figure 3. Farewell subterrane nomenclature showing 
approximate position of the dated Silurian ash.

Figure 2, Geologic map of DOs in Denali Park (last edits Sept. 3, 2018)

63° 25'

150°20' 150°10'

150°

149°50'

149°40'

63°
20'

149°30'

8

6

1

10
9

109

15

Denali Fault

Muldrow 
Glacier

Red Mountain

432.9±3.0 Ma

Ash, tuff, or tuffaceous
sedimentary rock 
and location number

Glaciers

Quaternary sedimentary 
deposits

Other rocks (Paleozoic, 
Mesozoic, and Cenozoic)

Unit DOs of Csejtey and others (1992, 1996); 
Ordovician to Devonian sedimentary rocks  

Cliff-forming limestone 
marker in unit DOs Contact

Fault, dashed 
where concealed

EXPLANATION

0

5  KILOMETERS0

5  MILES

Figure 2. Geologic map of part of the Mount McKinley quadrangle, Alaska, from Dumoulin and others (1998a). Location numbers are 
the same as those used in Dumoulin and others (1998a).

this ash layer are relatively abundant, clear, euhedral, stubby, 
and show pronounced oscillatory zoning of inferred igneous 
origin (fig. 5). U-Pb data were obtained using the SHRIMP-
RG (sensitive high-resolution ion microprobe, reverse 
geometry) at Stanford University, a joint facility of the U.S. 
Geological Survey and Stanford. Analytical methods are the 
same as those described by Bradley and others (2014). 

Fourteen zircons were analyzed. Analytical data are given 
in table 1 and 238U/206Pb results are summarized in figure 6. A 
weighted average 238U/206Pb age of 432.9±3.0 Ma is obtained 
from a coherent cluster of eight ages. Six 238U/206Pb ages were 
discounted, three younger ones for suspected lead loss and 
three older ones for suspected inheritance.
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EXPLANATION Discussion

Passive Margin Evolution 

Multiple lines of evidence suggest a passive-margin setting 
for the Nixon Fork-Dillinger subterrane pair during the early 
Paleozoic (Bradley, 2008). (1) Platformal facies of the Nixon 
Fork subterrane depositionally overlie Proterozoic continental 
basement, ruling out the alternative that the platform was built 
on an oceanic plateau like the Bahamas. (2) Detrital zircon 
populations from Neoproterozoic strata of the Nixon Fork 
subterrane (Bradley and others, 2014; Dumoulin and others, 
2018) include abundant Paleoproterozoic zircons, indicating 
derivation from ancient continental sources, further ruling out 
an oceanic plateau origin. (3) Platformal facies interfinger with 
deeper water equivalents of the Dillinger subterrane (Decker 
and others, 1994), with deeper-water deposition generally 
toward the east. This is consistent with a shelf to slope to rise 
arrangement of facies characteristic of modern passive margins. 
(4) A subsidence curve from the Nixon Fork platform shows an 
exponential form (Dumoulin and others, 1998b), consistent with 
thermal subsidence from about 480 to about 435 Ma, that is, 
Early Ordovician to early Silurian. 

Both components of the inferred passive margin—the 
Nixon Fork and Dillinger subterranes— underwent tectoni-
cally significant changes in the Late Ordovician and Silurian. 
In the Nixon Fork succession in the Medfra 1:250,000-scale 
quadrangle, deep-water carbonates and shales in the upper part 
of the Telsitna Formation record platform drowning during Late 
Ordovician time; deep-water conditions continued through the 
Silurian with deposition of the Paradise Fork Formation. Farther 

Figure 4. Detailed 
measured section 
from the ash-
bearing succession 
at location 9
 (see fig. 2). 
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Figure 6. Plot showing 238U/206Pb zircon age results for sample 96AD8F. The ages of individual 
zircons are shown by vertical black and light gray bars; height and position of each bar corresponds 
to age ±2-sigma uncertainty. Analyses represented by vertical black bars were used to calculate 
the weighted average 238U/206Pb zircon age of 432.9±3.0 Ma (mean square weighted deviation=1.5, 
probability=0.16). Analyses represented by vertical gray bars were not included in the weighted 
average calculation. The heavy red line represents the weighted average 238U/206Pb age of the ash 
sample; the wider pink band represents the corresponding 2-sigma uncertainty. Analytical data are 
given in table 1.

Sample 96AD8f
Mean 206Pb/238U age = 432.9 ± 3.0 Ma 
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432.9 ± 3.0

south in the Nixon Fork subterrane, in the McGrath, Lime Hills, 
and Sleetmute 1:250,000-scale quadrangles, the Nixon Fork 
succession includes a distinctive, 100-km-long Silurian algal 
reef complex that developed along the platform edge (Clough 
and Blodgett, 1988).

The Dillinger succession began to receive young detrital 
zircons in the Ordovician. In McGrath quadrangle, a quartz-rich, 
deep-water sandstone from the Ordovician Post River Forma-
tion yielded a major population of latest Cambrian-earliest 
Ordovician (about 490 Ma) grains from what appears to have 
been a new, non-Farewell source (Dumoulin and others, 2018). 
Turbidites of the Terra Cotta Mountains Sandstone that were 
deposited at about the time of the Llandovery-Wenlock bound-
ary included a major population of Silurian zircons that also 
were derived from a non-Farewell source (Dumoulin and others, 
2018). The dated ash from unit DOs is roughly coeval with the 
influx of turbidites of the Terra Cotta Mountains Sandstone. 

In the present reference frame, the passive margin faced 
generally east. This is inferred from the relative positions of the 
Nixon Fork shallower-water deposits and Dillinger deeper-water 
deposits. A more precise facing direction cannot be specified 
because the Farewell terrane bends around a tight oroclinal flex-
ure at its southwestern end, the Kulukbuk Hills orocline of John-
ston (2001) (fig. 1). Paleomagnetic data from Ordovician Nixon 
Fork strata in Medfra quadrangle suggest that the western limb of 
the orocline has undergone an approximately 78° clockwise net 
rotation (Plumley, 1984). The age of inferred oroclinal bending is 
not well known, but regardless, this sector of the Farewell passive 
margin is inferred to have originally faced approximately north.  

Potential Sources of the ~433-Ma Ash 

At 432.9±3.0 Ma, the Farewell terrane must have been 
sufficiently close to a volcanic center for water-lain ash to have 
been interlayered with the ambient deep-water sediments. As 
there are no documented Silurian plutonic or volcanic rocks 
in the Farewell terrane, an external source for the ash is most 
likely. Because paleogeographic elements in the circum-Arctic 
and North American Cordillera have been severely disrupted, 
the Farewell terrane may or may not presently be close to its 
Silurian neighbors. 

First we discuss possible sources of the ash in various 
Alaskan terranes. Most prominent of these is the Alexander 
terrane of southeastern Alaska and adjacent Canada, the site of 
arc magmatism from Early Ordovician to early Silurian time 
(Nelson and others, 2013). Gehrels and Saleeby (1987) reported 
U-Pb ages of 438±5, 438±5, and 438±4 Ma from three granitic 
plutons in the Alexander terrane on Prince of Wales Island, 
southeastern Alaska (fig. 1). The Ordovician to lower Silurian 
Descon Formation of the Alexander terrane on Prince of Wales 
Island consists largely of mafic to intermediate volcanic rocks, 
plus subordinate argillite, mudstone, siltstone, and graywacke, 
and minor limestone (Gehrels and Saleeby, 1987). A volcanic 
breccia horizon in the Descon Formation yielded an 40Ar/39Ar 
hornblende plateau age of 436.2±5.0 Ma (Kunk and others, 
1985). Graptolites in shale from just below the dated horizon 
are early Silurian (early Llandovery) in age (Kunk and others, 
1985). 
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Another possible igneous source is the White Mountains 
terrane in the Livengood 1:250,000 quadrangle, central Alaska 
(fig. 1). The Fossil Creek Volcanics consist largely of volcanic 
rocks (alkali basalt and agglomerate), plus subordinate sedimen-
tary rocks including volcaniclastic conglomerate, limestone, 
and sandstone (Weber and others, 1992). The Fossil Creek 
succession has long been assigned an Ordovician age based 
on Tremadocian and Ashgillian fossils, an age range that is 
further supported by an early Silurian (early Llandovery) fossil 
age from the overlying Tolovana Limestone (see summary in 
Dumoulin and others, 2018). New detrital zircon results from 
two volcaniclastic rocks in the uppermost few meters of the 
Fossil Creek Volcanics show that the top of the Fossil Creek 
is younger than previously thought. Both zircon age spectra 
show single maxima, at 438±5 and 436±5 Ma (Dumoulin and 
others, 2018), implying maximum depositional ages in the early 
Silurian. Although more information is needed, the available 
data thus allow the possibility that the dated ash in the Farewell 
terrane came from an igneous source in the White Mountains 
terrane.  

A third conceivable Alaskan source is the recently docu-
mented Apoon assemblage in the Doonerak window of the cen-
tral Brooks Range (Strauss and others, 2017). These arc rocks 
range in age from Cambrian to Devonian, a span that encom-
passes the age of the Silurian ash from the Farewell terrane. 
Silurian igneous ages have yet to be obtained from Doonerak, 
however. On this fragmentary evidence, the Apoon arc can be 
regarded as a permissible source for the Farewell ash. 

Another potential source region, now thousands of 
kilometers away, is the northern Caledonide orogen, which 
formed during convergence and then collision between Baltica 
and Laurentia (Corfu and Hartz, 2011). The Ordovician 
and Silurian cover succession of the Baltic craton contains 
abundant ash layers, including 60 ashes from the Telychian 
stage of the late Llandovery (which ranges in age from 438.5 
to 433.4 Ma), and 49 ashes from the Sherwoodian stage of the 
early Wenlock (which ranges in age from 433.3–430.5 Ma) 
Kiipli and others, 2013). The ashes of this age range have 
been interpreted as having come from the Norwegian Cale-
donides (Kiipli and others, 2013). A rationale for entertain-
ing the Caledonide orogen as a possible source of the Fare-
well ash is discussed in the section “Implications for Plate 
Reconstructions.”

Age Overlap Between the Dated Ash and a 
Widespread Detrital-Zircon Age Maximum 

Many detrital zircon samples from Alaska and adjacent 
regions show pronounced population peaks in the Silurian, 
which are coeval or nearly coeval with the dated ash. The 
samples fall into four categories: (1) those from exotic terranes 
with no known Silurian magmatism—the Farewell, Arctic 
Alaska, and Yreka (California); (2) those from exotic ter-
ranes with known or inferred Silurian magmatism—the White 

Mountains and Alexander; (3) those from parautochthonous 
Laurentian-margin successions—in east-central Alaska and 
Ellesmere Island, Canada; and (4) those from the Appalachian 
orogen, on the other side of Laurentia, deemed too distant 
to have direct, simple ties to the Farewell terrane, although 
they are parts of the same hemispheric-scale orogenic system 
(Bradley and O’Sullivan, 2016). 

Most directly relevant to the present discussion is the 
Terra Cotta Mountains Sandstone itself. Five detrital zircon 
samples from the Terra Cotta all have similar age distributions, 
with prominent Silurian age peaks from 430 to 423 Ma and a 
broad, lower amplitude Mesoproterozoic population (Dumou-
lin and others, 2018). In one of the five samples (11SB110A), 
the Silurian peak is at 430±5 Ma (Dumoulin and others, 2018) 
(fig. 7A), which overlaps with both the fossil-based age of the 
Terra Cotta Mountains Sandstone and the age of the dated ash 
in unit DOs. A straightforward interpretation is these detrital 
zircons came from the same magmatic belt as the ash beds that 
were deposited with the ambient deep-water sedimentary rocks 
of the Farewell terrane. 

Similar detrital zircon age spectra from various other ter-
ranes are shown in Figure 7B-D. All have prominent Silurian 
age peaks and a broad, lower amplitude Mesoproterozoic popu-
lation. In a composite plot of metasedimentary samples from 
the Devonian part of the Nome Complex of the Arctic Alaska 
terrane of the Seward Peninsula (figs. 1 and 8), the Silurian peak 
is at 438 Ma (Till and others, 2014) (fig. 7B). In the Devonian 
Karheen Formation of the Alexander terrane in southeastern 
Alaska (figs. 1 and 8), the corresponding age peak is at 431 Ma 
(Gehrels and others, 1996) (fig. 7C). In the Yreka terrane of 
the Klamath Range, California (fig. 8), in the Devonian Duzel 
Phyllite, the prominent Silurian age peak is listed, with low 
precision, at about 420 Ma (Grove and others, 2008) (fig. 7D). 
Silurian and Devonian strata from at least two widely spaced 
locations along the Laurentian margin also show a prominent 
Silurian detrital zircon age maximum. The Devonian Nation 
River Formation of east-central Alaska (fig. 8) shows a major 
zircon age peak at 431 Ma (Gehrels and others, 1999) (fig. 7E). 
Late Silurian (Pridoli) sandstones of Ellesmere Island, Arctic 
Canada (fig. 8), show partly overlapping age peaks at 424 and 
447 Ma (Beranek and others, 2015) (fig. 7F). As far away as 
the Acadian collisional suture in Maine (fig. 8), Bradley and 
O’Sullivan (2016) reported a composite plot of >600 detrital 
zircon ages from uppermost Ordovician to lowermost Devonian 
siliciclastic rocks, with a relatively prominent age peak at 437 
Ma and a much broader but lower amplitude Mesoproterozoic 
age group (fig. 7G). 

Implications for Plate Reconstructions 

The Farewell terrane was receiving ash at 432.9±3.0 Ma 
from a non-Farewell terrane source. Detrital zircons of this 
general age, also from non-Farewell sources, were deposited 
as part of the sedimentary cover of the Farewell terrane at 
about this time. Bradley (2008, supplement) suggested that the 
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influx of Silurian turbidites, the Silurian ash, and the Silurian 
deepening event all took place in an overall environment of 
tectonic loading, when the leading edge of the Farewell terrane 
was partly subducted beneath an encroaching arc. If such a 
collision did take place, the deformation front must have lain 
outboard (that is, in the direction the passive margin faced) of 
the presently exposed part of the Nixon Fork platform, which 
escaped severe deformation. 

The broader context of these events remains specula-
tive. During the first two decades following publication of 
the terrane model for the North American Cordillera (Coney 

and others, 1980), the Nixon Fork platform was regarded 
as a displaced block of North American origin (Plafker and 
Berg, 1994) that had been translated northward along the 
continental margin. This idea was later abandoned in light of 
fossil evidence suggesting closer proximity to Siberia than to 
Laurentia (Dumoulin and others, 2002; Blodgett and others, 
2002). More recently, detrital zircon data were interpreted to 
suggest that the Arctic Alaska and Farewell terranes originated 
along the northern or eastern margin of Baltica (Amato and 
others, 2009; Till and others, 2014; Dumoulin and others, 
2018). Because Baltica and Siberia were separated during the 
Ordovician and Silurian by a relatively narrow ocean basin 

Figure 7. Detrital zircon age distributions for Silurian and Devonian rock units in western, northern, and eastern North America that 
have prominent age peaks at 440–420 Ma. Data shown in two ways, as histograms of number of zircon ages per bin (blue rectangles 
have durations of 50 m.y.) and as probability density curves (red line). In each plot, n is number of zircon ages. A, Terra Cotta Mountains 
Sandstone (sample 11SB110a), from Dumoulin and others (2018). B, Nome Complex (composite of nine samples), Arctic Alaska terrane, 
Seward Peninsula, from Till and others (2014). C, Karheen Formation, Alexander terrane, southeastern Alaska, from Gehrels and others 
(1996). D, Duzel Phyllite (composite of six samples), Yreka terrane, California, from Grove and others (2008). E, Nation River Formation, 
east-central Alaska, from Gehrels and others (1999). F, Lands Lokk and Danish River Formations (composite of three samples), Silurian 
(Pridoli), Canadian Arctic, from Beranek and others (2015). G, Late Ordovician to Early Devonian rocks from the Central Maine Basin, 
Appalachian orogen (composite of eight samples), from Bradley and O’Sullivan (2016).
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(the Uralian seaway) (fig. 9), these two options are not too 
different. The Ordovician episode of thermal subsidence seen 
in the Nixon Fork succession, noted above, is broadly consis-
tent with events along the Uralian (eastern) passive margin of 
Baltica, which formed in the Early Ordovician (see review in 
Bradley, 2008, supplement). 

In a seminal model proposed by Colpron and Nelson 
(2009, 2011), the Farewell terrane was interpreted to be one of 
several continental fragments in the Cordillera that originated 
in the circum-Arctic and were extruded toward the ancestral 
Pacific realm. This model draws on a well-studied analog: the 
Mesozoic to Cenozoic west-to-east extrusion of the Caribbean 
plate through the gap between North and South America, from 
the Pacific into the Atlantic. The Caribbean plate has a sub-
duction zone along its leading edge, and transform, transpres-
sional, or transtensional boundaries along its flanks (Burke, 
1988). Wright and Wyld (2006) proposed a similar tectonic 
model involving extrusion of terranes through a Paleozoic gap 
between Laurentia and the South American part of Gond-
wana. Waldron and others (2014) likewise proposed a model 
for extrusion of an arc through a Paleozoic Caledonide gap 
between Baltica and Gondwana. 

The tectonic reconstruction in figure 9 shows the main 
elements of the Colpron and Nelson (2009, 2011) model for the 
Silurian as they pertain to the Farewell terrane. On one side of 
the Uralian seaway lay Siberia. On the other side lay Baltica 
and Laurentia. The latter two had just been sutured along the 
Caledonide orogen (Corfu and Hartz, 2011). Locations B (for 
Baltica) and S (for Siberia) show two possible positions of the 
Farewell terrane; these are meant to represent generalized loca-
tions somewhere along one or the other margin. The Baltica 
option is consistent with detrital zircon evidence (Amato and 
others, 2009; Till and others, 2014); the Siberian option is 
adapted from Antoshkina and Soja (2016), based on the dis-
tribution of Silurian algal reefs. We suggest that in either case, 
the extruding, Caribbean-like plate overrode the edge of the 
Farewell terrane passive margin at the time depicted in figure 

9. Volcanic eruptions episodically blanketed parts of the ter-
rane with ash. At the same time, Silurian and Mesoproterozoic 
detrital zircons were transported from exposed bedrock sources 
of those ages. The ashes might either have been erupted from 
an arc on the extruding plate (location E in fig. 9), or from the 
Caledonide orogen (location C). We currently lean toward what 
we regard as the simpler scenario, with the Farewell terrane at 
location B and the ashes and detrital zircons coming from loca-
tion E. At the reconstructed low northern-hemisphere latitudes 
shown in figure 9, ash from a source at E would have been 
blown by northeasterly trade winds toward B. In this respect, 
location C does not work as well as an ash source, nor does 
location S work as well for the Farewell terrane’s position. As 
extrusion continued into Devonian time, Silurian detrital zir-
cons were shed onto the Arctic Alaska-Chukotka and Yreka ter-
ranes at other unspecified locations along the Laurentia-Siberia 
gap, presumably closer to the paleo-Pacific Ocean. In the 
Devonian, at least two locations along the Laurentian margin 
(Canadian Arctic and east-central Alaska) (fig. 8) also received 
detritus that included abundant Silurian zircons. Eventually the 
upper plate grew to include some of the rocks (now terranes) 
that had originally lined the gap. 

In summary, the events in the Farewell terrane high-
lighted above—Late Ordovician deepening of the passive 
margin, influx of Silurian turbidites bearing Silurian detrital 
zircons, and deposition of volcanic ash—can all be explained 
by Colpron and Nelson’s (2009, 2011) tectonic model for 
circum-Arctic evolution, subject to refinements. 

Figure 8. Map of North America showing locations of 
terranes and rock units mentioned in text and in figure 7.

Figure 8 Map of North America showing locations of detrital zircon date plotted in Figure 7. 
Last edited Jan 13, 2018
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Figure 9, Silurian plate reconstruction, last edits Sept. 2, 2018
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Figure 9. Schematic tectonic reconstruction at about 433 Ma 
(approximately equivalent to the Llandovery-Wenlock boundary), 
modified from the extrusion model of Colpron and Nelson (2009, 
2011) to better account for evidence from the Farewell terrane. 
Pink areas represent the generalized shapes and locations 
of the Silurian continents; for reference, gray lines show the 
corresponding modern shorelines. Two possible generalized 
positions are shown for the Farewell terrane, one along the margin 
of Baltica (location B), and one along the margin of Siberia (location 
S). Two possible sites are shown for the volcanic source of the 
dated ash: an arc on the extruding plate (green color), possibly the 
Alexander terrane (location E), or the Caledonide orogen (location 
C). Continued extrusion eventually brought the Farewell terrane to 
location A in present-day Alaska. Other terranes are not shown.
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