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ABSTRACT

The origins and primary relationships between tectono-stratigraphic units
are fundamental to the terrane concept in accretionary orogens, but they are
challenging to assess in metamorphic terranes. In NW British Columbia, three
tectonically bounded metamorphic suites of the Yukon-Tanana terrane formed
in distinct tectonic settings, based on high-spatial-resolution geochronology
and immobile trace-element geochemistry. The Florence Range suite com-
prises late Neoproterozoic or younger to pre-latest Devonian metasedimentary
rocks derived from continental crust, 360 + 4 Ma calc-alkaline intermediate
orthogneiss, and 357 + 4 Ma amphibolite with oceanic-island basalt composi-
tion, consistent with rifting of a continental margin. The detrital signature is
dominated by late Mesoproterozoic zircon, which indicates different sources
than other parts of the Yukon-Tanana terrane. The Boundary Ranges suite com-
prises pre-Late Devonian metasedimentary rocks derived in part from a mafic
source, amphibolite derived from subduction-zone metasomatized mantle,
and 369 * 4 Ma to 367 + 7 Ma calc-alkaline felsic to intermediate orthogneiss.
The Whitewater suite comprises meta-chert, graphite-rich metapelite, and
amphibolite with back-arc basin basalt composition consistent with an anoxic
basin near a volcanic source. Our data indicate that the Florence Range and
Boundary Ranges suites were separate until at least the Early Mississippian
and may have formed a composite terrane since the Permian, whereas the
relationship with the Whitewater suite is uncertain. We compare the Paleozoic
evolution of the Yukon-Tanana terrane in NW British Columbia with several
modern analogues in the west and southwest Pacific Ocean.

H INTRODUCTION

Accretionary orogens are major sites of continental growth and mineral-
ization as well as consumption and reworking of continental crust (Condie et
al., 2007; Cawood et al., 2009). Accretionary processes and tectonic models
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of accretionary orogens depend on a wide range of combinations of diverse
parameters including the nature, age, and physical properties of the convergent
elements, preexisting structures, convergence velocity and direction, and the
time scale of the orogeny (Brown et al., 2011). Many of these parameters are
difficult to constrain in ancient accretionary orogens, but the nature and age
of the converging elements (e.g., continental margin, arcs, back-arcs, oceanic
plateaus, etc.) are generally well preserved in the rock record and are founda-
tional to the development of tectonic models.

The North American Cordillera is a classic example of a Phanerozoic
accretionary orogen that had a significant impact on current understanding
of continental growth and subduction processes (Coney et al., 1980; Monger
et al., 1982; Saleeby, 1983; Colpron et al., 2007; Monger and Gibson, 2019). Itis
divided into terranes that were originally defined by apparent internal homo-
geneity and continuity of stratigraphy, tectonic style, and history (Coney et al.,
1980). The birth of the northern Cordilleran orogen is generally ascribed to the
early Mesozoic (e.g., Colpron et al., 2015, 2022), yet the assembly of the orogen
was strongly influenced by the Paleozoic evolution of the Laurentian margin
and the paleogeographic position of the various terranes (Parsons et al., 2022).
Advances in analytical methods, such as geochronology and geochemistry,
and their widespread application in the northern Cordillera provided better
constraints on the origin and evolution of terrane constituents and highlighted
the heterogeneous nature of several terranes. Indeed, the tectonic context in
which terrane-forming units form varies with time, but the tectonic origin of
coeval rocks can also vary with space. In some cases, spatial variations have
been ascribed to facies changes in an overall coherent tectonic setting (e.g.,
Colpron et al., 2006a, 2007; Colpron and Nelson, 2011). In other cases, rocks
formed and evolved as independent tectonic blocks until they were merged
into composite terranes during a collision outboard of Laurentia or during
accretion to its margin (e.g., the Cache Creek and Atlin terranes—Zagorevski
et al., 2021; the composite Yukon-Tanana terrane—van Staal et al., 2018; Par-
sons et al., 2018, 2019, 2022; Ryan et al., 2021). In some terranes, such as the
Yukon-Tanana terrane, the proper identification of protoliths and the evaluation
of tectono-stratigraphic relationships are hindered by polyphase metamor-
phism and deformation, which destroyed primary textures, contacts, and any
fossils sedimentary units may have contained. Combined use of high-spatial-
resolution geochronology that can identify protolith and metamorphic ages
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along with immobile trace-element geochemistry can help to resolve the origin
and primary relationships between the various tectono-stratigraphic units.

This study targeted several suites of medium- to high-metamorphic-grade
rocks in NW British Columbia that were previously correlated to the Yukon-
Tanana terrane (e.g., Mihalynuk et al., 1999). We analyzed their geochemical
composition in combination with U-Pb geochronology on detrital zircon from
metasedimentary units and igneous zircon from meta-igneous units. Based
on these data, we interpreted the tectonic setting of formation and evolution
of these metamorphic rocks. We demonstrate that these metamorphic suites
formed in distinct, but possibly genetically linked tectonic settings. Their sub-
sequent amalgamation resulted in the formation of the southwest portion of
the composite Yukon-Tanana terrane. Several Paleozoic tectonic scenarios
compatible with published and new data are illustrated with modern analogues
in the west and southwest Pacific Ocean.

B GEOLOGICAL SETTING

The Intermontane superterrane of the northern Cordillera is composed of
several terranes that were derived from the western margin of Laurentia or
formed within its vicinity (Yukon-Tanana, Stikine, Quesnellia, Cache Creek,
Atlin, and Slide Mountain terranes; Colpron et al., 2006a, 2007; Zagorevski et
al., 2021). The Yukon-Tanana terrane is the most spatially extensive of the Inter-
montane terranes in eastern Alaska, central Yukon, and NW British Columbia
(Fig. 1; Mortensen, 1992). It has a complex and protracted Paleozoic to early
Mesozoic history. The basement of the Yukon-Tanana terrane, represented by
the Late Devonian and older siliciclastic rocks of the Snowcap assemblage in
Yukon, initially formed along the Laurentian margin and rifted away during the
Late Devonian (Tempelman-Kluit, 1979; Nelson et al., 2006; Colpron et al., 2006a,
2006b, 2007; Piercey and Colpron, 2009). The Snowcap assemblage is intruded
by magmatic rocks and overlain by associated volcaniclastic rocks that formed
during six Paleozoic magmatic cycles (e.g., Piercey et al., 2006; Nelson et al.,
2006). The first four magmatic cycles (Ecstall cycle at 390-365 Ma, Finlayson
cycle at 365-357 Ma, Wolverine cycle at 357-342 Ma, and Little Salmon cycle at
342-314 Ma) are characterized by variable compositions (felsic and mafic) and
geochemical signatures, including mafic rocks with normal mid-ocean-ridge
basalt (N-MORB), enriched MORB (E-MORB), oceanic-island basalt (OIB), island-
arc tholeiite (IAT), and calk-alkaline basalt (CAB) characteristics. Units with arc
signature are generally more common in the western part of the Yukon-Tanana
terrane, whereas units with MORB or OIB compositions are more common in
the eastern part. This spatial distribution was attributed to variations in an arc
(west)-back-arc (east) system (Piercey et al., 2006; Nelson et al., 2006). Local
spatial association of E-MORB, OIB, and IAT signatures has been attributed
to intra-arc rifting events (e.g., Simard et al., 2007). Alternatively, this spatial
association could be the result of broad lithospheric extension (Zagorevski
and van Staal, 2021). The younger, Pennsylvanian to early Permian Klinkit
cycle (314-269 Ma) is dominated by mafic to andesitic volcanic rocks, with
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Figure 1. Map of the Northern Cordilleran terranes after Colpron and Nelson (2011)
with location of study area. BC—British Columbia; NA—North America; NWT—
Northwest Territories.

rare cogenetic plutons, and it is characterized by an intra-oceanic calc-alkaline
to tholeiitic character, interpreted to represent a volcanic arc built on strongly
attenuated lithosphere (Piercey et al., 2006; Nelson et al., 2006). The spatially
limited middle to late Permian Klondike cycle (269-253 Ma) marks the final
pulse of calc-alkaline magmatism in an arc (Piercey et al., 2006; Nelson et
al., 2006) or a continental rift setting (Canil et al., 2003; Johnston et al., 2007;
Zagorevski and van Staal, 2021).

The Yukon-Tanana terrane records ~300 m.y. of episodic eclogite-facies, Bar-
rovian and low-pressure contact metamorphism (see review in Soucy La Roche

Soucy La Roche et al. | Paleozoic evolution of the Yukon-Tanana terrane
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et al., 2022a). Metamorphic events include Early Mississippian blueschist- to
eclogite-facies (Erdmer et al., 1998; Devine et al., 2006), middle to late Permian
eclogite- and greenschist- to lower-amphibolite-facies (Creaser et al., 1997a;
Philippot et al., 2001; Beranek and Mortensen, 2011; Petrie et al., 2016; Soucy
La Roche et al., 2022a), Middle Triassic pyroxene hornfels—facies (Berman et
al., 2007; Gaidies et al., 2021), Early Jurassic upper-amphibolite-facies (Berman
et al., 2007; Dyer, 2020; Gaidies et al., 2021; Soucy La Roche et al., 2022a),
Middle Jurassic to Early Cretaceous lower- to middle-amphibolite-facies and
hornblende hornfels—facies (Berman et al., 2007; Staples et al., 2014; Soucy
La Roche et al., 2022a), and Late Cretaceous middle-amphibolite-facies meta-
morphism (Vice et al., 2020).

B METAMORPHIC SUITES IN NW BRITISH COLUMBIA

In NW British Columbia, polydeformed amphibolite-facies metamorphic
rocks are exposed west of the Llewellyn fault, a subvertical, brittle-ductile
deformation zone that was episodically active in the Cretaceous and Eocene
(Ootes et al., 2018, 2019). This fault separates the amphibolite-facies rocks
from zeolite- to greenschist-facies units of the Stikine terrane (Greenwood
et al., 1991; Mihalynuk et al., 1999; Logan et al., 2000). Amphibolite-facies
rocks have been subdivided into the Florence Range, the Boundary Ranges,
and the Whitewater metamorphic suites (Fig. 2; Mihalynuk and Rouse, 1988;
Mihalynuk and Mountjoy, 1990; Currie, 1990, 1991; Mihalynuk et al., 1989, 1994,
1999; Soucy La Roche et al., 2022a). The Florence and Boundary Ranges suites
are exposed west of Atlin and Tagish Lakes, whereas the Whitewater suite is
exposed to the south (Fig. 2). The Florence Range suite is separated from the
Boundary Ranges suite by the Wann River shear zone, which is interpreted to
have been active between 185 Ma and 170 Ma (Currie, 1992a, 1994; Currie and
Parrish, 1993; Soucy La Roche et al., 2022a), although this shear zone records
polyphase deformation and might have been active before 185 Ma (Soucy La
Roche et al., 2022b). The Whitewater suite is separated from the Boundary
Ranges suite by unnamed faults (Mihalynuk et al., 1994).

The Florence Range suite (Currie, 1990, 1991) comprises polymetamorphic
upper-amphibolite-facies metasedimentary units including biotite-muscovite
quartzofeldspathic schist and gneiss and minor layers of metapelite, quartzite,
marble, and calc-silicate gneiss. These units were interpreted to represent a
metamorphosed continental-margin sedimentary sequence (Currie, 1994)
included in the Tracy Arm terrane (Coney et al., 1980) or Nisling terrane
(Wheeler et al., 1991), and subsequently correlated to the Snowcap assemblage
of the Yukon-Tanana terrane in Yukon (Nelson et al., 2006). The Florence Range
suite includes rare felsic to intermediate orthogneiss and amphibolite (Currie,
1994). Dated meta-igneous rocks are restricted to the Wann River shear zone
and include the Permian Wann River gneiss (270 + 5 Ma igneous crystallization
age, U-Pb zircon; Currie, 1992a), a pervasively sheared hornblende-plagioclase
orthogneiss that is interlayered at the map and outcrop scales with metasedi-
mentary schist and gneiss of the Florence Range suite (Currie and Parrish, 1997).

This unit was interpreted as a structurally interleaved metavolcanic unit related
to the Boundary Ranges suite by Currie and Parrish (1997); however, the Wann
River gneiss may instead represent strongly sheared metaplutonic rocks, based
on field observations (Zagorevski et al., 2018). The Florence Range suite was
metamorphosed to at least the kyanite zone during the Permian to Middle Tri-
assic (270-240 Ma), to the suprasolidus sillimanite and K-feldspar zone during
the Early Jurassic (195-170 Ma), and finally to the andalusite and cordierite
zone during late Early Cretaceous contact metamorphism (U-Pb monazite and
xenotime—Soucy La Roche et al., 2022a; Lu-Hf garnet—Dyer, 2020).

The Boundary Ranges suite (Mihalynuk and Rouse, 1988; Mihalynuk et al.,
1989; Mihalynuk and Mountjoy, 1990) comprises lower-amphibolite-facies
metasedimentary and meta-igneous rocks, including muscovite-biotite + garnet
quartzofeldspathic schist, chlorite-actinolite + garnet schist, and rare gra-
phitic schist and marble. The origin of these Boundary Ranges units is poorly
understood. Protoliths have been interpreted to represent island-arc volcano-
sedimentary rocks correlative to the Yukon-Tanana terrane (Mihalynuk et al.,
1999) or to the basement of the Stikine terrane (Stikine assemblage; Currie
and Parrish, 1997). The Boundary Ranges suite contains felsic orthogneiss
that yielded variably discordant Late Devonian to Early Mississippian U-Pb
zircon dates (Currie and Parrish, 1997). Available peak metamorphic conditions
reached 550-600 °C and 0.6-0.8 MPa at 200-190 Ma (Lu-Hf garnet; Dyer, 2020),
but the polydeformed nature of the Boundary Ranges suite (Currie and Parrish,
1993, 1997; Currie, 1994) indicates that the Boundary Ranges suite was affected
by multiple tectonic and possibly metamorphic episodes.

The Whitewater suite (Mihalynuk et al., 1994) comprises lower-amphibolite-
facies quartzite, amphibolite, and graphitic metapelite with minor marble,
quartzofeldspathic schist, felsic orthogneiss, and meta-peridotite. This suite has
been correlated with the Boundary Ranges suite and with parts of the Yukon-
Tanana terrane in Yukon based on the association of metasedimentary and
metavolcanic rocks interpreted to have formed on a continental margin next to
a volcanic arc (Mihalynuk et al., 1994). The Whitewater suite is polydeformed,
and the timing of peak metamorphism is not constrained, but it has been
inferred to be Early to Middle Jurassic (Mihalynuk et al., 1994).

The three metamorphic suites are intruded by the variably deformed Early
Jurassic Tagish Lake suite (187 + 1.1 Ma and 180.9 + 3.1 Ma igneous crystalliza-
tion ages, U-Pb zircon; Currie, 1992a, 1994, Currie and Parrish, 1997), although its
extent is limited in the Whitewater suite, and it has been recognized in the Flor-
ence Ranges suite only within the Wann River shear zone. Cretaceous to Eocene
felsic to intermediate plutonic and volcanic rocks of the Coast belt and Sloko
suites form an overlap assemblage in all metamorphic suites (130-55 Ma igneous
crystallization ages; Currie, 1992b; Mihalynuk et al., 1999, and references therein).

H U-Pb ZIRCON GEOCHRONOLOGY

U-Pb zircon geochronology was used to constrain the maximum age of
deposition and provenance of sedimentary protoliths and the crystallization

Soucy La Roche et al. | Paleozoic evolution of the Yukon-Tanana terrane
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Figure 2. Simplified geological map of
the Atlin Lake area modified from Cui
et al. (2017) and based on Mihalynuk et
al. (1999), with the locations of samples
in this study. Samples used for geochro-
nology are labeled with their sample
number. Topography is displayed with
a hillshade digital elevation model (Nat-
ural Resources Canada, 2016). Hatching
indicates the extent of the Wann River
shear zone (WRSZ; Soucy La Roche et
al., 2022a).
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age of igneous protoliths, and it provides constraints on regional metamor-
phism. Results from two quartzofeldspathic schist samples from the Florence
Range suite are presented, one of which was previously reported in Kellett and
Iraheta Muniz (2019). One orthogneiss sample and one amphibolite sample
from the Florence Range suite and two orthogneiss samples from the Boundary
Ranges suite were also analyzed. Thirteen metasedimentary samples from the
Boundary Ranges suite were scanned with the AZtec Feature tool on a scan-
ning electron microscope (SEM; see details in Soucy La Roche et al., 2022a),
but they did not contain zircon sufficiently large to be analyzed. Whitewater
suite metasedimentary rocks failed to yield any zircon. All results are reported
in Tables S1 and S2, whereas backscattered electron (BSE) and cathodolu-
minescence (CL) images of all grains are included in Figure S1.! Additional
concordia diagrams are presented in Figure S2. Global positioning system
(GPS) coordinates of samples and a summary of results are reported in Table 1.

Analytical Methods

Zircon grains were separated using standard techniques, mounted in epoxy,
and polished until their centers were exposed. Zircon grains were imaged in
BSE mode and CL mode except for sample 18ZE-R-08 (CL only). Zircon from
samples 11ZE-1005, 15ZE-1073, 18ZE-R-35B, and 18ZE-R-33 was analyzed by
sensitive high-resolution ion microprobe (SHRIMP) at the Geological Survey of
Canada following analytical procedures of Stern (1997), with standards and U-Pb
calibration methods following Stern and Amelin (2003). Zircon from sample
18ZE-R-08 was analyzed by laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) using a ThermoElectron X-Series Il quadrupole

'Supplemental Material. Table S1: Sensitive high-resolution ion microprobe (SHRIMP) U-Pb geo-
chronology results. Table S2: Laser ablation-inductively coupled plasma-mass spectrometry
(LA-ICP-MS) U-Pb geochronology results. Table S3: Geochemistry results. Figure S1: Backscattered
electron and cathodoluminescence images of zircon. Figure S2: Concordia diagrams. Figure
S3: Supplemental geochemical diagrams. Text S1: Detailed geochronological methods. Please
visit https://doi.org/10.1130/GEOS.S.25050536 to access the supplemental material, and contact
editing@geosociety.org with any questions.

ICP-MS and New Wave Research UP-213 Nd:YAG UV (213 nm) laser-ablation
system at Boise State University, using in-house analytical protocols, standard
materials, and data reduction software. Additional details about zircon separa-
tion, imaging, standards, secondary reference materials, and data processing
are available in Text S1.

Several precautions were taken to ensure that individual dates represent
unique and homogeneous age domains. CL and BSE images were used to
identify analyses that may have sampled multiple chemical or age domains,
inclusions, microfractures, or matrix material. SHRIMP analyses with U >2000
ppm (considered to be above the calibration range) or probability of concor-
dance <0.05 were not included in weighted mean age calculations. LA-ICP-MS
results with anomalous trace-element compositions (e.g., Ti or P) indicative
of ablation of an inclusion and those that appeared to be contaminated by
common Pb based on the mass ?**Pb above baseline were rejected from inter-
pretations.

Isoplot v. 4.15 (Ludwig, 2003a) was used to calculate weighted averages
and to generate concordia plots and weighted average date plots. AgeDisplay
(Sircombe, 2004) was used to generate combined histogram and probability
density plots of individual samples, and NORMALIZED PROB PLOT (Arizona
LaserChron Center; www.laserchron.org) was used to generate stacked nor-
malized probability density plots. Age interpretations were based on 2°6Pb/2%8U
dates for dates younger than 1 Ga and ?’Pb/?°°U dates for dates older than 1 Ga.
Uncertainties on individual dates and weighted averages are reported in the
text at 26. Uncertainties on weighted averages include the standard calibration
error. An evaluation of the long-term reproducibility of the 2°°Pb/®U age of
secondary standard 9910 indicated that the minimum reproducibility precision
of SHRIMP weighted average results is 1% (20, based on 51 analytical sessions).
In cases where the precision of the weighted average age calculation for indi-
vidual samples fell below this threshold, the weighted average 26 uncertainty
was augmented to 1%. Similarly, uncertainties on weighted average LA-ICP-MS
dates are minimally 2%, consistent with the long-term reproducibility preci-
sion and accuracy of secondary reference materials analyzed with LA-ICP-MS
(e.g., Horstwood et al., 2016). We use the terms “date” and “age” to refer to
results and their interpretation with a geological significance, respectively.

TABLE 1. SAMPLE LOCATIONS AND SUMMARY OF GEOCHRONOLOGY RESULTS FROM METAMORPHIC SUITES, NW BRITISH COLUMBIA

Sample Metamorphic suite Rock type Latitude Longitude Maximum age Igneous Metamorphic age

(°N) (°W) of deposition crystallization age (Ma)

(Ma) (Ma)

11ZE-1005 Florence Range Quartzofeldspathic schist 59.274450 134.236400 704 + 16 N.A. 239+ 6
11ZE-1007 Florence Range Quartzofeldspathic schist 59.272110 134.288350 660 + 11 N.A. 183+5
15ZE-1073 Boundary Ranges Leucocratic orthogneiss 59.068136 134.024750 N.A. 369 + 4 288 +7
18ZE-R-08 Boundary Ranges Leucocratic orthogneiss 59.065880 133.991459 N.A. 367 +7 None
18ZE-R-35B Florence Range Mesocratic orthogneiss 59.475991 134.356817 N.A. 360 + 4 187 +2
18ZE-R-33 Florence Range Amphibolite 59.205092 134.330529 N.A. 357 + 4 Early Jurassic

Notes: North American Datum (NAD) 1983 geodetic datum. N.A.—not applicable.

GEOSPHERE Soucy La Roche et al. | Paleozoic evolution of the Yukon-Tanana terrane
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Sample Descriptions, Results, and Interpretations of Dates
Samples 11ZE-1005 and 11ZE-1007

Samples 18ZE-1005 and 18ZE-1007 are Florence Range suite quartz-
plagioclase-biotite-muscovite (Qz-PI-Bt-Ms) + garnet (Grt) schists collected
~3 km apart along the ridge north of Willison Creek (Fig. 2). They likely represent
different quartzofeldspathic schist layers separated by more quartzofeldspathic
schist, marble, quartzite, and metapelite.

Zircon is similar in both samples. It is abundant, 50-150 pm long, and
equant to slightly elongate (1:1-2:1) and has rounded edges (Fig. 3A). Vari-
able zoning patterns include oscillatory, sector, and patchy zoning. Zoning is
commonly truncated at grain edges. Rare, thin (<30 pm) CL-bright and CL-dark
rims completely surround grains or form faceted overgrowths at grain tips.

Zircon from sample 11ZE-1005 yielded concordant dates ranging from 1675
+ 36 Ma to 704 + 16 Ma (Fig. 3B). Most dates form two peaks at 1.2-1.0 Ga and
1.5-1.3 Ga. Dates older than 1.5 Ga are almost all discordant. Zircon from sample
11ZE-1007 yielded concordant dates ranging from 2728 + 28 Ma to 183 + 5 Ma
(Fig. 3B). Most dates are scattered between 1.5 Ga and 1.0 Ga (peaks at ca. 1.45
Ga, 1.35 Ga, 1.2 Ga, and 1.15 Ga) and between 1.8 Ga and 1.7 Ga. A few other
zircon grains yielded Early Jurassic, late Neoproterozoic, and Archean dates.

To identify the youngest detrital zircons, postdeposition metamorphic zircon
must be recognized. Early Jurassic upper-amphibolite-facies metamorphism is
documented in the area (Soucy La Roche et al., 2022a; Dyer, 2020); therefore,
the youngest zircon in sample 11ZE-1007 (183 £ 5 Ma) is likely metamorphic. In
sample 11ZE-1005, a slightly discordant 239 + 6 Ma analysis could have resulted
from Permian-Triassic metamorphism (e.g., Soucy La Roche et al., 2022a).
The maximum age of deposition is constrained by the age of the youngest

,/
C s 2500, "
e
= 0.41 2000/
. ) 5 031 4500 8
2 1907 + 20 & o2l
1107 £ 17 o
0.1
VA 11ZE-1005
| B |112E-1005 n = 44/92 0 2 46 8101214
3_ 207Pb/235U
2_
1 \ 0.5 &
0 T T ' " |_"m T T T T T T ' T T T T T T 7 ' ’ T T T 259/%/
{11zE-1007 n = 50/73 0.4
- 2000
4 L 023-
3 ﬁ ’ 1500,
24 £ 0.2
1 ﬂ 1000
01— T "'M 0'1_%00 11ZE-1007
0 500 1000 1500 2000 2500 3000 ol 112E-1007
Date (Ma) 0 2 4 6 8 1012 14
207Pb/235U

Figure 3. Metasedimentary rocks analyzed for U-Pb zircon geochronology. (A) Backscattered-electron (left) and cathodoluminescence (CL; right) images of
rounded detrital zircon with truncated oscillatory zoning, Triassic CL-dark metamorphic overgrowth on detrital zircon, and Early Jurassic metamorphic zircon.
Dates are in Ma. (B) Probability density plots of U-Pb dates. The black curve includes only analyses with probability of concordance >0.05; the dashed gray
curve includes all analyses. Histogram includes only concordant data in 25 m.y. bins. Dates younger than 1 Ga and older than 1 Ga are 2°°Pb/?®U and 2’Pb/2°U
dates, respectively. (C) Concordia diagrams. Error ellipses are 2¢. Gray ellipses have a probability of concordance <0.05. Dates for sample 11ZE-1005 are from

Kellett and Iraheta Muniz (2019).
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concordant analysis on detrital zircon (704 + 16 Ma) in sample 11ZE-1005, and
by the youngest and second youngest concordant analyses on detrital zircon
(652 + 16 Ma and 664 + 14 Ma) in sample 11ZE-1007.

Sample 15ZE-1073

Sample 15ZE-1073 is a well-foliated, fine-grained, leucocratic PI-Qz-
K-feldspar-white mica—-Bt-epidote—chlorite—calcite (PI-Qz-Kfs-WM-Bt-Ep-Chl-Cal)
orthogneiss exposed at the toe of Llewellyn Glacier (Fig. 2). The relationship
between this unit and adjacent units from the Boundary Ranges suite is difficult
to interpret because the rarely exposed contacts are parallel to the foliation
(Fig. 4A). Although unambiguous crosscutting relationships were not observed,
the orthogneiss is in contact with different layers of schist with variable com-
position, indicating that it may have crosscut host lithological units, consistent
with a metaplutonic origin.

Zircon is abundant, 75-500 um long, and equant to elongate (1:1-5:1) and
displays complex zoning patterns consistent with multiple generations of zir-
con (Fig. 4B). The dominant population is composed of euhedral to subhedral,
oscillatory zoned and, more rarely, patchy or sector zoned zircon that yielded
dates ranging from 382 + 9 Ma to 350 + 19 Ma. Th/U ranged from 0.38 to 0.96
with an average of 0.56. A second generation of zircon forms thin (5-25 um),
incomplete, CL-bright homogeneous to oscillatory zoned overgrowths. Most
analyses on these rims were aborted or excluded from interpretations because
they clearly overlapped the core and the rim due to the large spot size (16 um)
or for various analytical issues (see Table S1). These rims were specifically
targeted during a second round of analysis with a smaller, 9 uym spot size and
yielded five lower-precision concordant dates on four zircon rims ranging from
297 + 29 Ma to 282 + 12 Ma. The Th/U of the overgrowths ranged from 0.33
to 0.58 with an average of 0.44.

We interpret the Late Devonian population to be magmatic based on its
euhedral to subhedral morphology, oscillatory zoning, and high Th/U typical
of magmatic zircon (Rubatto and Gebauer, 2000; Corfu et al., 2003; Hoskin and
Schaltegger, 2003; Rubatto, 2017). Analyses from this group of zircon gave
a weighted average date of 369 + 4 Ma (mean squared weighted deviation
[MSWD] = 3.0; probability of fit [P] = 0.00; number of analyses in the weighted
average [n] = 30) with excess scatter that cannot be attributed to analytical
uncertainties (Wendt and Carl, 1991; Ludwig, 2003b). This scatter in dates
could indicate protracted (re-)crystallization over a time range, Pb loss result-
ing in younger dates, or inheritance or an amount of common 2*Pb too small
to be measured, resulting in older dates, or a combination of these factors.
Unequivocal outliers could not be identified based on texture or chemical
composition at the upper or lower end of the date distribution. We therefore
interpret the 369 + 4 Ma as the best estimate of the magmatic crystallization
age of the orthogneiss protolith despite the minor scatter (Figs. 4C and 4D).

The scarcity and morphology of the Permian overgrowths are characteristic
of metamorphic zircon (Rubatto and Gebauer, 2000; Corfu et al., 2003; Hoskin

and Schaltegger, 2003; Rubatto, 2017) and indicate that a metamorphic event
occurred in the Boundary Ranges suite at 288 + 7 Ma (MSWD = 0.67; P=0.61;
n=5) (Fig. 4C).

Sample 18ZE-R-08

Sample 18ZE-R-08 is a well-foliated, fine-grained, leucocratic Qz-PI-WM-Kfs-
Chl-Bt-Grt-Ep orthogneiss exposed at the toe of Llewellyn Glacier (Figs. 2 and
4E). The relationship between this unit and adjacent units from the Boundary
Ranges suite is difficult to interpret because the rare exposed contacts are
parallel to the foliation.

Zircon is rare, <100 ym long, equant to slightly elongate (1:1-2:1) and
euhedral, and displays sector and more rarely oscillatory zoning (Fig. 4F). Rare
discrete (xenocrystic?) cores are visible, but they are too small (<30 um) to be
analyzed with LA-ICP-MS. Zircon yielded dates ranging from 384 + 10 Ma to
351 + 5 Ma. Th/U ranged from 0.35 to 0.94 with an average of 0.58.

The high MSWD and null P of the weighted average date (366 + 7 Ma;
MSWD =4.7; P=0.00; n=21) indicate that there is excess scatter that cannot
be attributed to analytical uncertainties (Wendt and Carl, 1991; Ludwig, 2003b).
This scatter in dates could be caused by protracted (re-)crystallization over
a time range, Pb loss resulting in younger dates for the youngest analyses,
inheritance or an amount of common 2**Pb too small to be measured, and
resulting in older dates for the oldest analyses, or a combination of these
factors. Excluding the two youngest dates that may have been affected by Pb
loss, and the four oldest dates from zircon, which displayed clear oscillatory
zoning and may not be autocrysts (in the sense of Miller et al., 2007), resulted
in a statistically homogeneous population (e.g., Wendt and Carl, 1991; Ludwig,
2003b) with an equivalent weighted average date of 367 + 7 Ma (MSWD = 0.93;
P=0.52; n=15), which we interpret as the magmatic crystallization age of the
orthogneiss protolith (Figs. 4G and 4H).

Sample 18ZE-R-35B

Sample 18ZE-R-35B is a well-foliated, medium-grained, mesocratic Flor-
ence Range suite Qz-PI-Bt-Ep-Kfs-Chl orthogneiss located within the Wann
River shear zone at White Moose Mountain (Figs. 2 and 4l). This orthogneiss
unit is several tens of meters thick, and the contact with adjacent units was
not observed.

Zircon is abundant, 100-300 ym long, and equant to elongate (1:1-4:1)
and displays complex zoning patterns consistent with multiple generations of
zircon (Fig. 4J). One xenocrystic core yielded a discordant 1735 + 64 Ma date.
The dominant population is composed of euhedral oscillatory zoned zircon
that yielded dates ranging from 366 + 8 Ma to 340 + 8 Ma. Th/U ranged from
0.28 to 0.67 with an average of 0.41. Two zircon grains displayed oscillatory
and patchy zoning and were dated at 264 + 6 Ma (Th/U = 0.27) and 297 + 8 Ma
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Figure 4. Meta-igneous rocks analyzed for U-Pb zircon geochronology. (A, E, I, M) Field photographs of sampled units. In A, note the foliation-parallel contact between the felsic
orthogneiss (top right) and the amphibolite (bottom left). (B, F, J, N) Backscattered-electron (left or top, except for 18ZE-R-08) and cathodoluminescence (right or bottom) images of
zircon with dates in Ma. Note metamorphic overgrowths on zircon from samples 15ZE-1073 and 18ZE-R-35B, and neograins of metamorphic zircon in sample 18ZE-R-33. (C, G, K, O)
Weighted averages of 2°Pb/%®U dates. Older dates are interpreted as igneous crystallization ages; younger dates are interpreted as metamorphic ages. The uncertainties on the
weighted mean date (gray band) and on individual dates are displayed at 26. MSWD —mean squared weighted deviation; P—probability of fit; n—number of analyses in the weighted
average. (D, H, L, P) Concordia diagrams. Error ellipses are 2¢. Gray ellipses were not included in age calculations.
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(Th/U = 0.57). The youngest zircon population consists of rare homogeneous
to irregularly concentrically zoned overgrowths on older cores. Analyses on
these overgrowths yielded dates ranging from 190 + 4 Ma to 186 + 4 Ma. The
Th/U of the overgrowths ranged from 0.02 to 0.06 with an average of 0.04.

We interpret the Late Devonian to Mississippian population to be magmatic
based on its euhedral morphology, oscillatory zoning, and high Th/U typical
of magmatic zircon (Rubatto and Gebauer, 2000; Corfu et al., 2003; Hoskin
and Schaltegger, 2003; Rubatto, 2017). In this population (weighted average
date: 358 + 4 Ma; MSWD = 2.1; P=0.000; n = 38), four analyses are statistically
younger and were likely affected by minor Pb loss. Excluding them gives an
equivalent weighted average date of 360 + 4 Ma without excess scatter (MSWD
=0.73; P=0.87; n= 34, e.g., Wendt and Carl, 1991; Ludwig, 2003b), which we
interpret to be most representative of the crystallization age of this sample
(Figs. 4K and 4L).

The two Permian zircon dates do not overlap within error. Inspection of CL
images, BSE images, and geochemical composition data suggests that these
dates are not the result of mixed analyses of Late Devonian to Early Mississip-
pian and Early Jurassic zircon. There is evidence for Permian metamorphism
in the Florence Range suite (270-240 Ma; Soucy La Roche et al., 2022a) that
could have promoted zircon (re)-crystallization of the grain dated at 264 + 6 Ma;
however, there is no known metamorphic event in that suite that overlaps the
297 + 8 Ma date. Metamorphism at 288 + 7 Ma is, however, recorded in the
adjacent Boundary Ranges suite (sample 15ZE-1073 in this study).

The Early Jurassic population (weighted average date: 187 + 2 Ma; MSWD
=0.64; P=0.63; n=5; Figs. 4K and 4L) has characteristics of metamorphic zir-
con (irregular zoning or absence of zoning, Th/U <0.06; Rubatto and Gebauer,
2000; Corfu et al., 2003; Hoskin and Schaltegger, 2003; Rubatto, 2017). This
age likely represents metamorphic recrystallization associated with an Early
Jurassic metamorphic event that is well documented by monazite, xenotime
(Soucy La Roche et al., 2022a), and garnet (Dyer, 2020) ages in the area.

Sample 18ZE-R-33

Sample 18ZE-R-33 was collected from a well-foliated, 6-m-thick, medium-
grained, hornblende-Bt-Pl-titanite-Qz (Hbl-Bt-PI-Ttn-Qz) amphibolite layer
within the Florence Range suite near Willison Glacier (Figs. 2 and 4M). Con-
tacts with adjacent biotite gneiss and marble are parallel to the foliation.

Zircon forms two distinct populations (Fig. 4N). Zircon in the dominant
population is 50-150 um long and equant to elongate (1:1-3:1) and charac-
terized by an oscillatory and patchy zoned core commonly overgrown by a
thin (<10 ym) CL-bright homogeneous rim. The cores yielded dates ranging
from 367 = 14 Ma to 312 + 8 Ma, with Th/U between 0.36 and 0.65 (average
of 0.48), whereas the rims were too thin to be analyzed. No older xenocrystic
cores were identified. We interpret the Carboniferous zircon population to be
magmatic and the dates to represent the crystallization age of the amphibolite
protolith based on their zoning pattern and Th/U >0.1 (Rubatto and Gebauer,

2000; Corfu et al., 2003; Hoskin and Schaltegger, 2003; Rubatto, 2017). The
high MSWD and null Pof the weighted average date (349 + 8 Ma; MSWD =9.5;
P=0.00; n=18) indicate that there is excess scatter that cannot be attributed
to analytical uncertainties (e.g., Wendt and Carl, 1991; Ludwig, 2003b). The
three younger dates have high U (1500-2000 ppm) compared to older dates
(300-1200 ppm) and compared to the calibration standard (<400 ppm). Exclud-
ing these three dates resulted in a statistically more reasonable weighted
average date of 357 + 4 Ma (MSWD = 1.8; P = 0.03; n = 15; Figs. 40 and 4P).
We interpret this weighted average date as the best estimate of the crystalli-
zation age of the amphibolite protolith, though we acknowledge that there is
still scatter beyond that attributed to analytical uncertainties (e.g., Wendt and
Carl, 1991; Ludwig, 2003b).

A younger population is composed of 50-75 pm equant grains character-
ized by patchy or irregular oscillatory zoning and low Th/U (0.01-0.05; average
0.02). These analyses yielded imprecise dates ranging from 202 + 18 Ma to 115
+60 Ma (n =11; Figs. 40 and 4P). We interpret this population as metamorphic
zircon, but because of the low precision of most dates, we do not assign it a
definitive age. Early Jurassic metamorphic zircon crystallization is consistent
with upper-amphibolite-facies metamorphism at ca. 190 Ma documented in
the area (Soucy La Roche et al., 2022a; Dyer, 2020).

B GEOCHEMISTRY

Amphibolite-facies metamorphism and deformation in the Florence Range,
Boundary Ranges, and Whitewater suites (Currie, 1994; Mihalynuk et al., 1999;
Dyer, 2020; Soucy La Roche et al., 2022a) preclude the identification of specific
protoliths using field observations and petrography. Geochemistry, on the
other hand, can be used to differentiate protoliths of the different metamor-
phic suites and provide insights into the tectonic setting of their formation.
Metamorphism may have resulted in element mobility; therefore, immobile
trace elements are preferred for interpretations (Th, Nb, La, Ce, Nd, Sm, Zr, Hf,
Eu, Ti, Gd, Dy, Y, Er, Yb, Lu, V, and Sc; e.g., Pearce, 1996, 2014).

Analytical Methods

Fist-sized sample fragments with weathered surfaces removed and free
of visible alteration were used to characterize the bulk-rock chemical com-
position. Samples from the Florence and Boundary Ranges suites (sample
numbers starting with 18ZE-R-) were analyzed by Activation Laboratories, Ltd.
(Ancaster, Ontario, Canada) in 2018. These samples were crushed, split, pul-
verized with mild steel, and fused using lithium metaborate/tetraborate fusion
in Pt crucibles. The resulting molten bead was digested in a weak nitric acid
solution. Major oxides were measured with ICP-optical emission spectrometry
(OES) on a Thermo Jarrell-Ash ENVIRO Il ICP or a Varian Vista 735 ICP, and
trace elements were measured by ICP-MS on a Perkin ElImer Sciex ELAN 6000,
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6100, or 9000 ICP-MS. The major elements of metapelitic samples reported
herein were analyzed by wavelength-dispersive X-ray fluorescence (XRF) on
a Panalytical Axios Advanced XRF. Results of replicate analyses and reference
materials run as unknowns are available in Table S3.

Samples from the Whitewater suite (sample numbers starting with ZE10-
R) and additional samples from the Boundary Ranges suite (sample numbers
starting with ZE10- and 15ZE-) were analyzed by ICP-OES and ICP-MS following
lithium metaborate/tetraborate fusion at Acme (Bureau Veritas, Vancouver,
British Columbia, Canada) in 2010 and Activation Laboratories, Ltd., in 2011
and 2016, respectively. Complete analytical details and certificates of analysis
are available in Zagorevski (2016, 2018).

Sample Description

Samples were divided into three main groups for geochemical characteri-
zation (Table S3). The first group is characterized by abundant mafic minerals
(e.g., chlorite, hornblende, and pyroxene, depending on metamorphic grade)
and generally low (<565%) SiO,. As such, we call this group “amphibolite,”
although some samples contain continuous quartz-rich layers and have SiO,
>55%, which indicate these samples may not be pure meta-mafic rocks. Amphi-
bolite from the Florence Range suite is generally medium to coarse grained
(matrix grain size 500-5000 um) and well foliated, with common porphyro-
blasts of garnet in a matrix of hornblende, plagioclase, biotite, and opaques
+ clinopyroxene, + quartz, + titanite (Fig. 4M). One sample was dated at 357
+ 4 Ma (18ZE-R-33; this study). Amphibolite from the Boundary Ranges suite
is generally fine grained (matrix grain size <1000 um) and well foliated, with
common porphyroblasts of hornblende and garnet in a matrix of hornblende,
plagioclase, epidote, and opaques + chlorite, + biotite, + quartz (Fig. 5A). Amphi-
bolite from the Whitewater suite is medium-grained (matrix grain size 100-3000
um) and weakly foliated, with common millimeter- to centimeter-scale por-
phyroblasts of garnet, hornblende, plagioclase, and epidote in a matrix of the
same finer-grained minerals in addition to rare quartz and titanite (Fig. 5B).
Where present, chlorite was replaced by hornblende and epidote, or it replaced
garnet, epidote, and hornblende.

The second group comprises felsic to intermediate orthogneiss from the
Florence and Boundary Ranges suites. Contacts between orthogneiss and
adjacent units, where exposed, are commonly parallel to the foliation, imped-
ing the assessment of their structural relationships. However, the orthogneiss
contains millimeter- to centimeter-scale feldspar porphyroclasts (Fig. 5C)
and, in the Boundary Ranges suite, decimeter-scale xenoliths of the host
chlorite schist, consistent with a metaplutonic origin (Fig. 5D). One of the
two samples from the Florence Range suite (18ZE-R-35B) was dated at 360
+ 4 Ma (this study) and described in a previous section. The other sample
(18ZE-R-35A) was collected in an adjacent layer and is similar except for the
presence of centimeter-sized K-feldspar porphyroclasts (Fig. 5C). Boundary
Ranges suite gneiss is more leucocratic and includes the 367 + 7 Ma sample

18ZE-R-08 and 369 + 4 Ma sample 15ZE-1073 (this study). Similar orthogneiss
samples from that area yielded variably discordant Late Devonian to Early
Mississippian U-Pb zircon dates interpreted as igneous crystallization ages
(Currie and Parrish, 1997).

The third group includes metapelite, metapsammite, and quartzite from the
Florence Range, Boundary Ranges, and Whitewater suites collectively referred
to as metasedimentary units. Metapelite and metapsammite in the Florence
Range suite are coarse-grained, mica-rich, migmatitic gneisses with a well-
developed foliation (Fig. 5E). Mineral assemblages contain a wide variety of
metamorphic minerals such as biotite, white mica, plagioclase, quartz, garnet,
kyanite, sillimanite, andalusite, cordierite, staurolite, K-feldspar, and graphite.
Several representative samples were described in detail by Soucy La Roche
et al. (2022a) and Dyer (2020). Metapelite and metapsammite in the Boundary
Ranges suite are characterized by a lower metamorphic grade and finer grain
size (Fig. 5F). Metamorphic mineral assemblages commonly contain biotite,
white mica, plagioclase, quartz, garnet, epidote, graphite, and rarely andalusite
(Dyer, 2020). Metapelite from the Whitewater suite is fine-grained, interlayered
with quartzite, and it contains quartz, muscovite, plagioclase, sulfides, graphite,
garnet, biotite, epidote, and chlorite. Quartzite is only present in the Florence
Range and Whitewater suites. All quartzite samples are dominated by quartz,
and they contain variable amounts of muscovite, biotite, garnet, and epidote.
In addition, quartzite from the Florence Range suite (Fig. 5G) contains pla-
gioclase, whereas quartzite from the Whitewater suite contains chlorite and
Mn-rich epidote (piemontite) (Fig. 5H). One sample from the Florence Range
suite contains distinctive graphite layers (Fig. 5l).

Geochemical data were also acquired from additional Hbl-PI-Qz gneiss
samples in the Florence Range suite within the Wann River shear zone, but it
is not clear if these units are Late Devonian to Early Mississippian orthogneiss,
Permian Wann River gneiss, or Early Jurassic Tagish Lake suite. For example,
the area where sample 18ZE-R-35B was collected was originally mapped as
Florence Range suite (Currie, 1994) and reinterpreted as Permian Wann River
gneiss (Mihalynuk et al., 1999; Cui et al., 2017), but this sample was dated at
360 + 4 Ma (this study), consistent with Florence Range suite. In the absence
of timing constraints, geochemical data from these samples are reported in
Table S3, but they were not used for interpretations.

Results
Amphibolite

Extended trace-element profiles of amphibolite samples were normal-
ized to N-MORB (Sun and McDonough, 1989) with the addition of V and Sc
concentrations based on Klein (2004). This normalization factor is the most
intuitive, best highlights variations between key elements, and is overall the
most useful to compare suites of samples and infer their tectonic setting (e.g.,
Pearce, 2008, 2014; Zagorevski and van Staal, 2021).
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Figure 5. Representative field photographs and photomicrographs of units from all three suites. (A) Boundary Ranges suite amphibolite. (B) Whitewater suite amphibolite (top)
and quartzite (bottom). (C) Florence Range suite mesocratic orthogneiss from which sample 18ZE-R-35A was collected. This orthogneiss is similar to sample 18ZE-R-35B used
for geochronology, except that it contains porphyroclasts of K-feldspar. (D) Boundary Ranges suite orthogneiss containing a round xenolith (X) of the host schist, outlined
with a dashed line. (E) Florence Range suite garnet-biotite gneiss (metapelite) crosscut by Cretaceous to Eocene (?) felsic dikes. (F) Boundary Ranges suite garnet-muscovite-
chlorite schist (metapelite). (G) Florence Range suite quartzite interpreted as meta-arenite. (H) Piemontite in Whitewater suite quartzite interpreted as meta-chert. (I) Florence
Range suite graphitic quartzite interpreted as meta-chert. Note isoclinal folds.
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Florence Range suite amphibolite samples were separated in two types.
Type 1 amphibolite (n = 6; 18ZE-R-25A, 18ZE-R-25C, 18ZE-R-33, 18ZE-R-44,
18ZE-R-49C, 18ZE-R-64) is characterized by enriched Th and light rare earth
elements (LREEs) relative to heavy REEs (HREEs), absence of Nb, Eu, Zr, or Hf
anomalies, and a positive V anomaly (Fig. 6A). One sample (18ZE-R-49C) clas-
sified as type 1 amphibolite has a steeper LREE to middle REE (MREE) negative
slope, and a flat to slightly positive MREE to HREE slope, but it also displays
the most striking features of type 1 amphibolite, such as the absence of a Nb
anomaly. Type 2 amphibolite (n = 2; 18ZE-R-28, 18ZE-R-34) is characterized
by enriched Th and LREEs relative to HREEs, negative Nb and Ti anomalies,
slightly positive Zr and Hf anomalies, and the absence of a V anomaly (Fig. 6A).
On the Zr/Ti versus Nb/Y discrimination diagram for rock types of Pearce (1996),
type 1 amphibolite plots in the alkaline basalt field, except one sample that
plots in the basalt field (Fig. 6B). Type 2 amphibolite plots in the basalt and
andesite + basaltic andesite fields. On the La-Y-Nb discrimination diagram for
tectonic settings of basalts (Cabanis and Lecolle, 1989), type 1 amphibolite
plots in the alkaline intercontinental rifts and continental fields, whereas type 2
amphibolite plots in the calc-alkaline field (Fig. 6C). On the Th/Yb versus Nb/Yb
discrimination diagram of Pearce (2008, 2014), type 1 amphibolite plots in the

mantle array close to the OIB composition, and type 2 amphibolite plots in
the continental arc field (Fig. 6D).

Boundary Ranges suite amphibolite samples were separated in two types.
Type 1 amphibolite (n = 5; 18ZE-R-09, 18ZE-R-59, 18ZE-R-60, 18ZE-R-85A,18ZE-
R-85C) is characterized by weakly enriched Th and LREEs relative to HREEs, a
strongly negative Nb anomaly, weakly negative Zr, Hf, and Ti anomalies, absence
of or weakly positive Eu anomaly, and strongly positive V and Sc anomalies
(Fig. 6E). Type 2 amphibolite (n = 7; 18ZE-R-11B, 18ZE-R-19, 18ZE-R-20, 18ZE-R-
85D, ZE10-229B, 15ZE-1075, 15ZE-1077) is characterized by enriched Th and
LREEs relative to HREEs, negative Nb, Zr, Hf, and Ti anomalies, and slightly
positive Eu anomaly, though the positive Eu anomaly looks exaggerated because
of the adjacent strongly negative Zr, Hf, and Ti anomalies (Fig. 6E). Most type 2
amphibolite samples have positive V and Sc anomalies, but two samples exhibit
the opposite. On the Zr/Ti versus Nb/Y discrimination diagram for rock types of
Pearce (1996), both types of amphibolite plot in the basalt field, except one type 2
amphibolite sample, which plots in the basalt and andesite + basaltic andesite
field (Fig. 6B). On the La-Y-Nb discrimination diagram for tectonic settings of
basalts (Cabanis and Lecolle, 1989), type 1 amphibolite straddles the IAT and
|AT-to-calc-alkaline transitional fields, whereas type 2 amphibolite plots in the
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calc-alkaline field (Fig. 6C). On the Th/Yb versus Nb/Yb discrimination diagram
of Pearce (2008, 2014), both types of amphibolite plot above the mantle array
and trend from the oceanic arc (type 1) to continental arc (type 2) fields (Fig. 6D).

Whitewater suite amphibolite (n = 4; ZE10-R011, ZE10-R017A, ZE10-R018,
ZE10-R022) is characterized by extended trace-element profiles similar to that of
N-MORB, except for a slight enrichment in Th, Nb, and LREEs relative to HREEs
(Fig. 6F). Only one sample shows a faint negative Nb anomaly. Ti is slightly
variable and exhibits weakly positive, negative, or no anomaly. A positive V
anomaly is also characteristic of this suite. These amphibolite samples plotin
the basalt field of the Zr/Ti versus Nb/Y discrimination diagram for rock types
of Pearce (1996) (Fig. 6B). On the La-Y-Nb discrimination diagram for tectonic
settings of basalts (Cabanis and Lecolle, 1989), they plot at the intersections
of the E-MORB, N-MORB, and back-arc basin basalt (BABB) fields (Fig. 6C).
On the Th/Yb versus Nb/Yb discrimination diagram of Pearce (2008, 2014),
Whitewater suite amphibolite plots in the mantle array halfway between the
N-MORB and E-MORB compositions (Fig. 6D).

Felsic to Intermediate Orthogneiss

On a N-MORB-normalized diagram, felsic to intermediate orthogneiss
(Florence Range suite: n=2, 18ZE-R-35A, 18ZE-R-35B; Boundary Ranges suite:
n=17,18ZE-R-06, 18ZE-R-08, 18ZE-R-10, 18ZE-R-15, 18ZE-R-23, ZE10-229A, ZE10-
230) is characterized by enriched Th and LREEs relative to HREEs, strongly
negative Nb and Ti anomalies, absent to slightly positive Zr and Hf anomalies,
and negative V and Sc anomalies (Fig. 7A). Florence Range suite samples are
more enriched in LREE and have negative HREE slopes, whereas Boundary
Ranges suite samples exhibit slightly positive HREE slopes. On an extended
trace-element diagram normalized to the average upper continental crust (UCC;
Taylor and McLennan, 1985; McLennan, 2001), Florence Range suite samples
show a negative LREE to HREE slope, whereas samples from the Bound-
ary Ranges suite show a positive slope (Fig. 7B). Samples plot in the basalt,
andesite + basaltic andesite, and rhyolite + dacite fields on the Zr/Ti versus
Nb/Y discrimination diagram for rock types of Pearce (1996) (Fig. 6B). On the
Th/Yb versus Nb/Yb discrimination diagram of Pearce (2008, 2014), Boundary
Ranges suite orthogneiss plots above the mantle array at the intersection of the
oceanic and continental arc fields or above it (Fig. 6D). Both samples from the
Florence Range suite plot above the continental arc field (sample 18ZE-R-35B
plots outside the range of the plot due to Th/Yb = 22.5). On the Ta versus Yb
discrimination of Pearce et al. (1984), orthogneiss samples from both suites
plot in the volcanic arc granite field (Fig. 7C).

Metasedimentary Rocks

Metasedimentary rocks include metapelites and metapsammites from the
Florence Range (n = 21), Boundary Ranges (n = 14), and Whitewater (n = 3)

E L ] L ]
(@]
O10F E 1E —~
z i ° F E
3 [ 1 & r A
a1k &, % 0.1F E
IS el 8 E
c & E ]
U)O [ : \\& [ ]
" NbCeSmHf Ti Dy Er Lu®Sc Nb Ce Sm Hf Ti Dy Er Lu Sc
ThLaNd Zr EuGd Y Yb V ThLaNd Zr EuGd Y Yb V
C o T
Florence Range suite
F WPG 1 Felsic to intermediate
10 E orthogneiss
o F Y- E
F [ coe 1 Boundary Ranges suite
1 E E . Felsic to intermediate
F ORG 3 orthogneiss

0.1 VAGl M | |
04 1 _10 100
Yb

T
wl

Figure 7. Geochemical composition of felsic to intermediate orthogneiss. (A) Extended trace-
element profiles of orthogneiss samples from the Florence Range and Boundary Ranges
suites normalized to normal mid-ocean-ridge basalt (N-MORB; Sun and McDonough,
1989) with the addition of V and Sc concentrations based on Klein (2004). (B) Extended
trace-element profiles of orthogneiss samples from the Florence Range and Boundary
Ranges suites normalized to upper continental crust (UCC; Taylor and McLennan, 1985;
McLennan, 2001). (C) Ta vs. Yb discrimination for tectonic settings of granite (Pearce et
al., 1984). VAG —volcanic arc granite; syn-COLG —syncollision granite; WPG —within-plate
granite; ORG—ocean ridge granite.

suites and quartzite from the Florence Range (n = 6) and Whitewater (n = 5)
suites. Extended trace-element diagrams normalized to N-MORB and UCC
(Taylor and McLennan, 1985) are provided in Figure S3. On the sedimentary
rock classification diagram of Herron (1988), metapelite and metapsammite
samples from the Florence Range and Whitewater suites plot mainly in the
shale and wacke fields, whereas samples from the Boundary Ranges suite plot
in the shale and Fe-shale fields (Fig. 8A). Quartzite samples from the Florence
Range suite plot within or close to the sublitharenite field, and those from the
Whitewater suite plot in the sublitharenite, Fe-sandstone, and quartz arenite
fields (Fig. 8A). On a Th/Sc versus La/Sc diagram (e.g., Piercey and Colpron,
2009), metapelite, metapsammite, and quartzite samples from the Florence
Range and Whitewater suites coincide with the average composition of UCC
and post-Archean Australian shale (PAAS; Taylor and McLennan, 1985) or plot
slightly above and below them, respectively (Fig. 8B). Boundary Ranges suite
samples are more dispersed and form an array from the composition of UCC
and PAAS toward the composition of Boundary Ranges suite amphibolite
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Figure 8. Geochemical composition of metasedimentary rocks. (A) Sedimentary rock
classification diagram (Herron, 1988). (B) Th/Sc vs. La/Sc diagram (Piercey and Colpron,
2009). (C) Th-Sc-Zr ternary discrimination diagram for tectonic settings of graywackes
(Bhatia and Crook, 1986). In B and C, values for average composition of upper continental
crust (UCC; Taylor and McLennan, 1985), post-Archean Australian shale (PAAS; Taylor and
McLennan, 1995), type 1 amphibolite from the Florence Range suite (FR-A1), and types 1
and 2 amphibolite from the Boundary Ranges suite (BR-A1 and BR-A2, respectively) are
shown for reference. N-MORB —normal mid-ocean-ridge basalt.

(Fig. 8B). The relative enrichment of Sc in Boundary Ranges and Whitewater
suites samples compared to Florence Range suite samples is also illustrated
on a Th-Sc-Zr ternary diagram (Fig. 8C; Bhatia and Crook, 1986). In addition, the
Th-Sc-Zr ternary diagram highlights the Zr enrichment in Florence Range suite
quartzite samples compared to all other metasedimentary samples (Fig. 8C).

Interpretation
Amphibolite

Most amphibolite samples from this study plot in the basalt and alkaline
basalt fields, with few exceptions that plot in the andesite + basaltic andesite
field (Fig. 6B). Mafic igneous rocks are most directly linked genetically to the
underlying mantle and are the most reliable indicators of tectonic settings.
Immobile trace elements and their ratios can be used as fingerprints of mag-
matic and tectonic processes (Cann, 1970; Pearce, 1996). Mafic discrimination
diagrams utilize volcanic rocks or rocks with liquid-like compositions (Pearce,

1996), which can be difficult to identify in highly metamorphosed areas. We
relied on chemical indicators of cumulate compositions as outlined in Pearce
(1996) to identify nonvolcanic protoliths.

Amphibolite in the Florence Range, Boundary Ranges, and Whitewater
suites is characterized by distinct geochemical compositions. The enrichment
of LREEs, high Nb/La, and absence of a Nb anomaly in type 1 amphibolite from
the Florence Range suite are consistent with an OIB chemical composition
(Fig. 6A). Considering that Florence Range type 1 amphibolite is associated
with continentally derived siliciclastic rocks, the Florence Range suite type 1
amphibolite likely formed in a continental rift setting (Figs. 6A, 6C, and 6D),
away from a subduction zone. The steeper LREE-MREE negative slope and flat
MREE-HREE slope of sample 18ZE-R-49C compared to other type 1 amphib-
olite samples may be explained by a higher proportion of garnet melting at
the source because garnet is a major HREE sink in the mantle (e.g., Pearce,
1996). Type 2 amphibolite is characterized by a weakly negative Nb anomaly
(Fig. 6A). Although a negative Nb anomaly is typical of arc volcanism (Pearce,
1996), these rocks are anomalously rich in Th and LREEs compared to vol-
canic arc rocks (Th up to 100x the value of N-MORB). The weakly negative
Nb anomaly could be explained by fractionation of Ti-rich phases such as
titanite, rutile, or ilmenite (Green and Pearson, 1987). Alternatively, the weak
Nb anomaly may be the result of crustal contamination of magma with an OIB
composition (i.e., type 1 amphibolite). Amphibolite with an OIB composition
variably contaminated by crustal material is common in the Yukon Territory
part of the Yukon-Tanana terrane (e.g., Piercey et al., 2002, 2004) and in the
Yukon-Tanana Upland of Alaska (e.g., Dusel-Bacon and Cooper, 2000, 2004).
Altogether, these geochemical data suggest that amphibolite in the Florence
Range suite formed in a continental rift setting.

Type 1 amphibolite from the Boundary Ranges suite has negative Zr, Hf,
and Ti anomalies, which points to fractionation of the parental magma, and a
positive Sc anomaly, which suggests an enrichment in clinopyroxene (Fig. 6E;
Pearce, 1996). These anomalies suggest that type 1 amphibolite may be meta-
morphosed gabbro rather than basalt, and discrimination diagrams should
be used with caution. Overall, the enrichment of Th and La relative to Nb in
type 1 amphibolite samples from the Boundary Ranges suite suggests an
oceanic volcanic arc setting (Figs. 6C-6E). However, these compositions are
not restricted to active volcanic arc rocks because a metasomatized mantle
signature can be inherited from previous subduction events. For example, a
compilation of geochemical data from well-constrained modern tectonic set-
tings demonstrates that basalts erupted in continental rift settings can plot
in the fields typical of volcanic arc basalt (Zagorevski and van Staal, 2021).
Type 2 amphibolite differs from type 1 based on its more evolved (i.e., more
enriched in Th and LREEs) and more alkaline (i.e., less enriched in Nb rela-
tive to Y and Yb) composition (Fig. 6E). The chemical composition of type 2
amphibolite could be the result of mixing between type 1 amphibolite and
metasedimentary material of the Boundary Ranges suite (Fig. 9). This mixing
is consistent with the generally higher SiO,, Al,O;, quartz, and mica contents
of type 2 amphibolite compared to type 1 amphibolite (Table S3).
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Figure 9. Extended trace-element profiles of a modeled 50%-50%
mix of the average composition of metasedimentary rocks from the
Boundary Ranges suite with the average composition of type 1 am-
phibolite from the same suite (BR-A2, normalization factor). Type 2
amphibolite has a similar chemical composition to that mix.

The Whitewater suite amphibolite samples plot in the tectonic fields of
MORB and BABB in discrimination diagrams (Fig. 6C). The slight enrichment in
Th and LREEs and the weakly negative Nb anomaly in some samples (Fig. 6F)
could be the result of melting of MORB mantle with a variable subduction com-
ponent or mixing of MORB mantle and subduction-modified mantle sources,
two processes common in back-arc basin settings (Pearce, 1996).

Felsic to Intermediate Orthogneiss

The chemical composition of felsic to intermediate rocks is controlled by
the tectonic setting and several other competing processes, including conti-
nental crust contamination, mixing of melt sources from different continental
lithological units, and accessory mineral fractionation and removal from the
melt (Pearce et al., 1984). Most chemical anomalies can be produced by sev-
eral processes, and, as such, identifying the tectonic setting in which felsic to
intermediate magmas formed is much less straightforward than with mafic
magmas. The chemical composition of orthogneiss samples from the Florence
Range and Boundary Ranges suites is characterized by enriched Th and LREEs
and a negative Nb anomaly (Figs. 7A and 7B), indicative of an enriched mantle
source, contamination by continental crust, or fractionation of Ti-rich minerals.
This composition is compatible with multiple tectonic settings, including a con-
tinental volcanic arc or a continental rift (e.g., Hawkesworth et al., 1995; Hooper
et al., 1995). The two suites have distinct extended trace-element profiles,
best illustrated on a UCC-normalized diagram, on which the Florence Range
suite samples have a negative LREE-HREE slope and the Boundary Ranges
sample have a positive LREE-HREE slope (Fig. 7B). It is therefore doubtful that
the Florence Range suite samples represent a more evolved component of a
common magmatic suite.

Metasedimentary Rocks

The composition of metasedimentary rocks reflects the source of the sed-
iments and can be used to assess the contributions of upper-crustal sources
that are enriched in incompatible elements such as Th, Zr, and La versus mafic
sources that are enriched in Sc (e.g., Piercey and Colpron, 2009, and references
therein). Metapelite and metapsammite from the Florence Range suite have
a chemical composition similar to UCC and PAAS (Figs. 8B and 8C; Fig. S3),
indicating that the protolith source was dominated by continental crust. In
contrast, the relative enrichment in Sc of Boundary Ranges suite samples com-
pared to UCC and PAAS (Figs. 8B and 8C) indicates a contribution from a mafic
source. Their range of compositions overlaps the composition of Boundary
Ranges suite type 2 amphibolite and trends toward the composition of type 1
amphibolite, consistent with a depositional environment close to a volcanic
source similar to the Boundary Ranges suite amphibolite. Metapelite in the
Whitewater suite has a composition weakly enriched in Sc compared to UCC
and PAAS (Figs. 8B and 8C), consistent with an upper continental crust source
potentially mixed with a small component of a mafic source.

Most quartzite samples from the Florence Range suite are depleted in Sc
and enriched in La, Th, and Zr compared to other metasedimentary rocks
(Figs. 8B and 8C), consistent with a higher proportion of heavy minerals in
quartz-rich sediments (Bhatia and Crook, 1986), and they are as such inter-
preted as meta-arenite. One petrographically distinct quartzite sample from
the Florence Range suite has higher La relative to Th, higher Sc (Figs. 8B
and 8C), and a different extended trace-element profile (Fig. S3). It contains
abundant graphite but no plagioclase, and it is most likely a meta-chert. In
contrast to the Florence Range suite, Whitewater suite quartzite is depleted
in Th, La, and Zr relative to the average UCC and PAAS (Figs. 8B and 8C).
The presence of piemontite (Fig. 5H), a common mineral in metamorphosed
Mn-rich chert (Bonazzi and Menchetti, 2004), suggests that Whitewater suite
quartzite is meta-chert.

H DISCUSSION
Age and Origin of Protoliths
Pre- to Late Devonian

The Florence Range suite is predominantly composed of metasedimen-
tary rocks with minor amphibolite and orthogneiss. The youngest detrital
zircon dates (excluding metamorphic overgrowths) from quartzofeldspathic
schist indicate a late Neoproterozoic or younger depositional age. The mini-
mum depositional age is constrained by the age of orthogneiss (18ZE-R-35B),
which we interpret to have intruded the Florence Range suite at 360 + 4 Ma.
This orthogneiss contained one discordant inherited zircon grain dated at
1735 + 64 Ma that was either assimilated from the host Florence Range suite
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or its unexposed basement. The provenance and chemical composition of
the metasedimentary rocks indicate that they were derived from continental
crust, either directly or through recycling of continentally derived sediment.
The association of abundant pelite, psammite, quartz arenite, and carbonate
points to a continental margin origin (e.g., Currie, 1994).

In the Boundary Ranges suite, felsic orthogneiss (367 + 7 Ma and 369 + 4 Ma)
(e.g., Fig. 5D) constrains the minimum age of amphibolite and metasedimen-
tary rocks to Late Devonian or older, but the maximum age is unconstrained.
The chemical compositions of Boundary Ranges suite metasedimentary rocks
indicate that they were in part derived from mafic rocks with a similar compo-
sition to the Boundary Ranges suite amphibolite. Although type 1 amphibolite
in the Boundary Ranges suite has a likely plutonic origin, extrusive equiva-
lents of these amphibolite units may have supplied the mafic component to
the sedimentary units. Overall, pre-Late Devonian metasedimentary rocks of
the Boundary Ranges suite were deposited in proximity to a mafic volcanic
source, in strong contrast to the pre-Late Devonian metasedimentary rocks
of the Florence Range suite.

The Whitewater suite formed in a third, distinct tectonic environment. The
amphibolite composition is characteristic of BABB (Figs. 6C and 6F). Inter-
layering of BABB amphibolite, manganiferous meta-chert, and graphite-rich
metapelite suggest deposition in a volcanically active, anoxic marine basin, such
as a spreading center or near a guyot. The Whitewater suite lacks geochronolog-
ical constraints but is presumed to be Paleozoic or older (Mihalynuk et al., 1994).

Overall, our data demonstrate that the pre-Late Devonian Florence Range,
Boundary Ranges, and Whitewater suites formed in distinct tectonic settings.
However, the ages of the protoliths are still poorly constrained; therefore, it is
possible that these were not contemporaneous tectonic environments.

Late Devonian to Early Mississippian

The Late Devonian to Early Mississippian magmatism was characterized
by calc-alkaline characteristics in both the Florence Range (360 + 4 Ma) and
Boundary Ranges (369 + 4 Ma and 367 + 7 Ma) suites (Figs. 6 and 7). The age
of these orthogneiss protoliths do not overlap within error, based on the two
higher-precision ages, and their extended trace-element profiles are different
(Fig. 7B), suggesting that they were not part of the same magmatic suite, and
that the Florence Range and Boundary Ranges suites may not have been
together at that time. Calc-alkaline magmatism is compatible with continental
arc or continental rift settings. OIB magmatism (357 + 4 Ma; Figs. 6A, 6C, and
6F) is restricted to the Florence Range suite and is within error or a few million
years younger than calc-alkaline magmatism, which may indicate two distinct
tectonic possibilities. It is possible that the Florence Range suite calc-alkaline
magmatism represents a continental arc that formed on Laurentia-derived
sediments and subsequently rifted, leading to OIB magmatism of the pas-
sive margin of the back-arc rift. Such a model, based on the opening of the
Sea of Japan (e.g., Pouclet et al., 1994), has been previously proposed for the

Yukon-Tanana terrane in Yukon and NE British Columbia (e.g., Nelson, 1993;
Piercey et al., 2004). Alternatively, the calc-alkaline arc-like characteristics of
the Florence Range suite orthogneiss may have been inherited from melting of
previously metasomatized mantle and/or continental crust (e.g., Hawkesworth
et al., 1995; Hooper et al., 1995). In this scenario, OIB magmatism may repre-
sent upwelling of enriched mantle below a continental rift.

Overall, our data suggest that the Florence Range and Boundary Ranges
suites were likely separate during the Late Devonian to Early Mississippian.
The Florence Range suite was located in a continental rift setting away from
a subduction zone. Although the Boundary Ranges suite may have been part
of a continental arc at that time, our data cannot rule out inherited subduction
zone signature in a continental rift. The lack of geochronological constraints
on the Whitewater suite precludes the assessment of its relationship with
the Florence Range and Boundary Ranges suites during the Late Devonian
to Early Mississippian.

Unusual Detrital Zircon Signature of Florence Range Suite
Quartzofeldspathic Schist and Correlation with the Snowcap
Assemblage

Pre- to Late Devonian Florence Range suite continental margin metasedi-
mentary units intruded by Late Devonian to Early Mississippian calc-alkaline
and alkaline (OIB) magmatic units are correlative to the Snowcap assemblage
of the Yukon-Tanana terrane (e.g., Dusel-Bacon et al., 2004, 2006; Nelson et al.,
2006, 2013; Piercey et al., 2002, 2004; Piercey and Colpron, 2009). The detrital
zircon population in the Florence Range suite is dominated by 1.5-1.0 Ga zir-
con, with secondary Neoarchean and late Paleoproterozoic peaks (Fig. 10A).
Late Mesoproterozoic zircon probably originated ultimately from the Grenville
orogen, on the SE margin of Laurentia, because it is the only orogenic belt of
that age in Laurentia, and it was an incredibly fertile zircon source (Whitmeyer
and Karlstrom, 2007; Dickenson, 2008; Rivers et al., 2012).

Detrital zircon data from the Florence Range suite are strikingly different
from the Snowcap assemblage in Yukon (see compilations in LaMaskin, 2012;
Cleven et al., 2019; Ryan et al., 2021; Fig. 10). Detrital zircon in the Snowcap
assemblage in Yukon is dominated by a ca. 1850 Ma population with secondary
peaks at ca. 1780 Ma, ca. 2000 Ma, ca. 2300 Ma, and ca. 2650 Ma (Fig. 10B).
Late Mesoproterozoic zircon is rarely reported in the Snowcap assemblage
and never forms a significant portion of the detrital zircon population. A rare
late Neoproterozoic zircon peak is common to the Florence Range suite and
the Snowcap assemblage (Figs. 10A and 10B).

Metamorphosed pre-Devonian siliciclastic rocks of the Tracy Arm assem-
blage form a narrow belt west of the Coast Mountains in SE Alaska and
resemble the Snowcap assemblage (e.g., Gehrels et al., 1991; McClelland
et al., 1992; Gareau and Woodsworth, 2000; Gehrels, 2000, 2001), although
the presence of Late Ordovician through Early Devonian magmatism in SE
Alaska may indicate that their origin and tectonic evolution may be somewhat
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Figure 10. Comparison of normalized probability density plots of U-Pb detrital zircon from (A) the Florence Range suite (composite plots of samples 11ZE-1005
and 11ZE-1007; Kellett and Iraheta Muniz, 2019; this study); (B) the Snowcap assemblage in Yukon (Ryan et al., 2021); (C) the Tracy Arm assemblage (sample
87GC420 of Pecha et al., 2016; Gehrels et al., 1991); (D) Laurentia type 2 signature of the NW margin of Laurentia (Hadlari et al., 2012, and references therein);
(E) lineage B of the NW margin of Laurentia (Lane and Gehrels, 2014; including data from Leslie, 2009; excluding data from Hadlari et al., 2012 [which are
already included in part D]); (F) the Neoproterozoic Mutual Formation and Caddy Canyon Quartzite in Nevada, Utah, and Idaho, USA (facies C of Matthews
et al., 2018; also including data from Yonkee et al., 2014; Gehrels and Pecha, 2014), and (G) the Healy Schist in the Yukon-Tanana Upland (sample 05ADb34 of
Dusel-Bacon et al., 2017). Age interpretations are based on 2°Pb/%*®U dates for dates younger than 1 Ga and ?°’Pb/?®U dates for dates older than1 Ga. Only
<10% discordant analyses are included, except where authors originally filtered their data set with stricter criteria. (H) Simplified map of first-order tectonic
entities modified from Colpron and Nelson (2011) with approximate locations of detrital zircon populations discussed in the text and shown in parts A-G. 1—
Florence Range; 2—Snowcap assemblage in Yukon; 3—Tracy Arm blage; 4—Mack ie Mountains Supergroup; 5—Shaler Supergroup; 6—Windermere
Supergroup; 7—Neoproterozoic sedimentary formations from southwest United States; 8 —Healy Schist.
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different from the Yukon-Tanana terrane (e.g., Saleeby, 2000; Pecha et al., 2016;
Kroeger et al., 2023). A compilation of the detrital zircon dates from the Tracy
Arm assemblage (n = 688; Pecha et al., 2016) reveals that the detrital zircon
population is dominated by middle to late Paleoproterozoic zircon with a signif-
icant amount of late Mesoproterozoic zircon. However, this age peak is mainly
derived from a single sample (87GC420, originally collected by Gehrels et al.,
1991) in which the detrital zircon population is almost entirely Mesoproterozoic
(Tables S2 and S4 in Pecha et al., 2016; Fig. 10C).

Late Mesoproterozoic detrital zircon in the Florence Range suite and in rare
samples from SE Alaska (Gehrels et al., 1991; Pecha et al., 2016) indicates that
the southwestern part of the Yukon-Tanana terrane had a distinct Grenvillian
source that did not contribute zircon to the northern part of the Yukon-Tanana
terrane (Saleeby, 2000; Pecha et al., 2016). As there are no Mesoproterozoic
orogenic belts on the western margin of Laurentia, Mesoproterozoic zircon
was likely recycled from sedimentary sources on the NW margin of Laurentia.
These may include the early Neoproterozoic Mackenzie Mountains Super-
group and Shaler Supergroup (Sequence B of Young et al., 1979), the late
Neoproterozoic Windermere Supergroup (Sequence C of Young et al., 1979),
and the sedimentary units derived from these groups (Leslie, 2009; Laurentia
type 2 signature of Hadlari et al., 2012; Lineage B of Lane and Gehrels, 2014;
Figs. 10D and 10E). Several Neoproterozoic sedimentary formations from the
southwest United States are also dominated by late Mesoproterozoic zircon
and have secondary age peaks at ca. 1.4 Ga, ca. 1.7 Ga, and ca. 2.7 Ga (Facies C
of Matthews et al., 2018; Gehrels and Pecha, 2014; Yonkee et al., 2014; Fig. 10F).
Notably, pre-Carboniferous Grenville zircon-rich sedimentary units have not
been identified in NW British Columbia, implying significant lateral transport
of the southern part of the Yukon-Tanana terrane relative to its source region
on Laurentia, or along-shore transport of detrital zircon.

Parautochthonous units of Ancestral North America in eastern Alaska
(Yukon-Tanana Upland) are interpreted as stratigraphic equivalents to the
Snowcap assemblage (e.g., Dusel-Bacon et al., 2006; Nelson et al., 2006) that
remained attached to the Laurentian margin following the departure of the
Yukon-Tanana terrane (Colpron et al., 2006a). They are characterized by Paleo-
proterozoic and older detrital zircon populations, but rare Mesoproterozoic
grains have been reported in several samples, and one sample contained
a dominant late Mesoproterozoic age peak (Healy schist; Dusel-Bacon et al.,
2017; Fig. 10G). These units could therefore provide a tie between the Snowcap-
equivalent strata in the southern part of the Yukon-Tanana terrane and the
Laurentian margin in central and northern Yukon and eastern Alaska. If the
southern part of the Yukon-Tanana terrane originated near the Yukon-Tanana
Upland, it could have been transported to its current location along a NNW-
striking sinistral strike-slip fault east of our study area (e.g., Pecha et al., 2016),
similar to Late Jurassic to Early Cretaceous faults within and west of the Yukon-
Tanana terrane (Monger et al., 1994; Chardon et al., 1999; Gehrels et al., 2009;
Angen et al., 2014; Tochilin et al., 2014; Yokelson et al., 2015), and consistent
with the Late Jurassic to Early Cretaceous sinistral oblique plate motion along
the Cordilleran margin (Engebretson et al., 1985).

Comparison of the Boundary Ranges and Whitewater Suites with the
Yukon-Tanana Terrane and the Stikine Assemblage

The Boundary Ranges suite has been correlated with the Yukon-Tanana
terrane (Mihalynuk et al., 1999) and to the basement of the Stikine terrane
(Stikine assemblage; Currie and Parrish, 1997). The Boundary Ranges suite
amphibolite is older than a 369 + 4 Ma to 367 + 7 Ma orthogneiss unit (this
study) and may have been coeval with the Ecstall magmatic cycle recognized
in the Yukon-Tanana terrane, Alaska Range and Yukon-Tanana Upland (Fig. 11;
390-365 Ma; Piercey et al., 2006). The Ecstall cycle is generally characterized
by bimodal magmatism. Felsic rocks range from calc-alkaline to peralkaline,
whereas mafic rocks are characterized by OIB signatures, consistent with a
continental rift setting (Dusel-Bacon et al., 2006; Piercey et al., 2006). Lim-
ited geochemical and isotopic data indicate that the Ecstall cycle magmatism
in the Alaska Range and Coast Mountains of NW British Columbia and SE
Alaska may have a continental arc affinity (Gehrels et al., 1992; Alldrick and
Gallagher, 2000; Gareau and Woodsworth, 2000; Alldrick, 2001; Dashevsky et
al., 2003). Because the geochemical characteristics of the Boundary Ranges
suite amphibolite are consistent with a metasomatized mantle source related
to an active or past subduction zone, our data suggest a correlation with this
continental arc magmatism.

Currie and Parrish (1997) correlated the Boundary Ranges suite with the
Paleozoic Stikine assemblage on the basis of lithological similarity and age
of magmatism. The age of magmatism of the Boundary Ranges suite was
previously constrained by variably discordant Late Devonian to Early Missis-
sippian zircon dates (Currie and Parrish, 1997). Our new data indicate that the
Boundary Ranges suite amphibolite cannot be younger than the Late Devo-
nian, the age of crosscutting felsic orthogneiss (Fig. 11). The oldest units of
the Stikine assemblage are poorly constrained and comprise minor Devonian
volcano-sedimentary units and limestone that are intruded by the Forrest-Kerr
plutonic suite (Fig. 11; Logan et al., 2000). Stikine assemblage tuff yielded a
discordant Late Devonian U-Pb zircon date (380 + 5 Ma; Logan et al., 2000).
The Forrest Kerr plutonic suite yielded discordant Late Devonian U-Pb zircon
dates (upper intercept 370.7 = 6.7 Ma and 369.4 + 5.1 Ma) and Mississippian
Ar-Ar dates (343 + 12 Ma and 346 = 10 Ma) (Fig. 11; Logan et al., 2000), sug-
gesting that parts of the Stikine assemblage may be coeval with the Boundary
Ranges suite. However, the Stikine assemblage is characterized by abundant
Mississippian—Pennsylvanian bimodal felsic and mafic volcanic rocks (340-
310 Ma; Logan et al., 2000; Gunning et al., 2006; Nelson, 2017) and voluminous
Carboniferous and Permian limestone (e.g., Gunning et al., 2007), intruded
by Late Triassic plutonic rocks (e.g., Logan and Mihalynuk, 2014), which have
not been identified in the Boundary Ranges suite (Fig. 11). The early Permian
Stikine assemblage is generally characterized by carbonate sedimentation in
a slope/ramp environment (e.g., Gunning et al., 1994; Logan et al., 2000). In
contrast, the Boundary Ranges suite was metamorphosed in the early Permian
(288 + 7 Ma) and may have shared a similar tectonic evolution to the conti-
nental Florence Range suite since the Permian (Fig. 11; this study). Overall,
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Figure 11. Comparison between the Florence Range, Boundary Ranges, and Whitewater suites (this study), the Yukon-Tanana terrane in Yukon (Piercey et al., 2006;
Piercey and Colpron, 2009), and the Stikine assemblage (Logan et al., 2000; Gunning et al., 2006, 2007). Time scale is from Walker and Geissman (2022). Presumed
Paleozoic or older age of the Whitewater suite is from Mihalynuk et al. (1994). U-Pb zircon geochronological data (solid lines) are from this study except: 1—Currie
(1992a); 2—Soucy La Roche et al. (2022a); 3—Logan et al. (2020). Ages in Logan et al. (2020) are discordant upper-intercept dates. IAT—island-arc tholeiite; BABB—

back-arc basin basalt; OIB—oceanic-island basalt.

distinctly different early Permian tectonic environments, the lack of evidence
of similar Triassic magmatism, and the generally accepted juvenile character
of the Late Triassic Stikine terrane indicate that the Stikine assemblage is not
correlative to the Boundary Ranges suite. We therefore suggest that a correla-
tion between the Boundary Ranges suite and part of the Yukon-Tanana terrane
is most consistent with available data. The Yukon-Tanana terrane in this area
was not juxtaposed with the Stikine terrane until the latest Triassic to Early
Jurassic, as indicated by stitching magmatism (Minto, Long Lake, and Tagish
suites; Mihalynuk et al., 1999; Colpron et al., 2016; Sack et al., 2020). This is
consistent with the recent, latest Triassic—earliest Jurassic models of the col-
lision of the Yukon-Tanana and Stikine terranes (George et al., 2021; Nelson
et al., 2022; Ootes et al., 2022).

Previous interpretations of the Whitewater suite correlated it with the Bound-
ary Ranges suite and with parts of the Yukon-Tanana terrane in Yukon (Mihalynuk
et al., 1994). Whitewater suite geochemical characteristics indicate formation
near a back-arc, a tectonic setting that is distinctly different from the Boundary
Ranges suite (or the Stikine assemblage), and so these results preclude their
direct correlation (cf. Mihalynuk et al., 1994). The Yukon-Tanana terrane in Yukon
is internally variable and includes volcanic rocks with MORB or BABB geochem-
istry (e.g., Piercey et al., 2004, 2006; Nelson and Friedman, 2004; Devine et al.,
2006) and piemontite-bearing chert (Piercey et al., 2004; Nelson and Friedman,
2004; Murphy et al., 2006; Mihalynuk et al., 2006). As such, the Whitewater suite
may be correlative to parts of the Yukon-Tanana terrane, although the lack of age
constraints on the Whitewater suite precludes correlation to specific units (Fig. 11).
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Timing Constraints on Polymetamorphism

Our new U-Pb zircon geochronology data provide additional and new
constraints on the timing of metamorphism in the Florence and Boundary
Ranges suites. The main metamorphic event that affected both suites is ear-
liest Jurassic Barrovian metamorphism that produced abundant prograde to
peak monazite between 195 Ma and 185 Ma (Soucy La Roche et al., 2022a)
and ca. 190-185 Ma garnet (Dyer, 2020) in the Florence Range suite, as well
as ca. 200-190 Ma garnet in the Boundary Ranges suite (Dyer, 2020). This
metamorphic event resulted in formation of Early Jurassic zircon grains and
metamorphic overgrowths in the upper-amphibolite-facies Florence Range
suite amphibolite and orthogneiss (low-precision Early Jurassic dates in sam-
ple 18ZE-R-33 and 187 + 2 Ma weighted average date in sample 18ZE-R-35B)
and quartzofeldspathic schist (183 + 5 Ma date on a single zircon from sam-
ple 11ZE-1007). The Boundary Ranges suite does not preserve evidence for
zircon (re-)crystallization, consistent with its lower metamorphic grade (lower
amphibolite facies).

Soucy La Roche et al. (2022a) documented rare 270-240 Ma monazite and
xenotime inclusions in garnet indicating cryptic Permian-Triassic prograde
to peak metamorphism in the Florence Range suite. Several Permian zircon
dates in sample 18ZE-R-35B and one slightly discordant Triassic date from a
metamorphic overgrowth on detrital zircon in sample 11ZE-R-1005 support
Permian-Triassic metamorphism of the Florence Range suite. Evidence of
Permian metamorphism is also present in the Boundary Ranges suite. Zircon
in orthogneiss sample 15ZE-1073 is commonly overgrown by thin (5-25 pm)
CL-bright homogeneous to oscillatory zoned rims that yielded a 288 + 7 Ma
weighted average date (n = 5), which is interpreted as the best estimate for
the age of metamorphic crystallization (Fig. 4C).

Our data indicate that the Florence Range and Boundary Ranges suites
both record metamorphism during the Permian, with a time lag (ca. 270-
240 Ma vs. ca. 288 Ma, respectively). Diachronous records of metamorphism
are common within apparently continuous metamorphic units or sequences
in other orogens around the world (e.g., Larson et al., 2013; Anczkiewicz et al.,
2014; Briggs et al., 2018). This time lag between units with different protoliths
that were metamorphosed at different metamorphic grades (upper vs. lower
amphibolite facies) is compatible with a single tectonic event and may suggest
a common tectonic evolution since the Permian. A similar time lag is present
for the Early Jurassic metamorphism of these units, where the oldest garnet
in the Florence Range suite is ~10 m.y. younger than the oldest garnet in the
Boundary Ranges suite (Dyer, 2020). We therefore suggest that the Florence
Range and Boundary Ranges suites interacted with each other since the Perm-
ian, even though they were likely located at different structural levels.

A shared evolution of the Florence Range and Boundary Ranges suites
as early as the Permian indicates that the Wann River shear zone, which sep-
arates them, may be much older than Early Jurassic (cf. Currie and Parrish,
1993, 1997; Soucy La Roche et al., 2022b). Permian metamorphism of the
Florence Range and Boundary Ranges suites is difficult to reconcile with the

previous interpretation of the Wann River gneiss (270 + 5 Ma; Currie, 1992a)
as a metavolcanic unit deposited on top of the Boundary Ranges suite and
later tectonically interlayered at the outcrop scale with metasedimentary units
of the Florence Range suite (Currie and Parrish, 1997). It is more likely that
the Wann River gneiss stitches the Florence Ranges and Boundary Ranges
suites, and its finely banded texture is the product of shear-related grain-size
reduction (Zagorevski et al., 2018).

The 288 + 7 Ma metamorphic age in the Boundary Ranges suite is older
than documented Permian metamorphic events in the Yukon-Tanana terrane
(<270 Ma; Creaser et al., 1997a; Philippot et al., 2001; Beranek and Mortensen,
2011; Petrie et al., 2016; Soucy La Roche et al., 2022a). However, Paleozoic
metamorphism in the Yukon-Tanana terrane is generally sparsely constrained,
and there may be significant diachroneity and differences in metamorphic
conditions within each episode, especially considering the size of this terrane.

Tectonic Setting of the Paleozoic Yukon-Tanana Terrane and Modern
Analogues

Geochemical and geochronological characteristics of the Florence Range,
Boundary Ranges, and Whitewater suites in NW British Columbia could be
produced in several unrelated or interrelated tectonic scenarios. Despite uncer
tainties related to paleogeography and tectonic relationships, there are modern
analogues that can reconcile the seemingly disparate elements described
herein. In this section, we use these modern analogues in the west and south-
west Pacific Ocean to explore tectonic scenarios where these suites could
have formed in genetically linked settings. These settings include the Japan
arc-Sea of Japan back-arc-Korean Peninsula, Luzon arc-South China Sea, and
Solomon arc-Woodlark Basin.

The Japan arc-Sea of Japan back-arc-Korean Peninsula system in the west-
ern Pacific Ocean formed during northwestward subduction of the Pacific and
Philippine Sea plates under the Eurasian plate. It is composed, from SE to NW,
of the Japan arc, the Sea of Japan back-arc basin, and the Eurasian continental
margin in Korea, China, and Russia (Figs. 12A and 12B; see reviews in Taira,
2001; Yoshida et al., 2014; Van Horne et al., 2017). The Japan arc initially formed
on Eurasian crust during the Paleocene-Oligocene prior to rifting and opening
of the Sea of Japan during the early Miocene, followed by island-arc magma-
tism from the mid-Miocene to present (Yoshida et al., 2014). Magmatic and
volcanic rocks with arc-like signatures and derived volcaniclastic sedimentary
rocks occur in and close to the Japan arc. The Japan arc is now separated
from the Eurasian margin by the Sea of Japan, which is in part underlain by
MORB-like oceanic crust in the Yamato and Japan basins (Hirata et al., 1992;
Hirahara et al., 2015). Finally, the Eurasian continental margin on the Korean
Peninsula is composed of pre-Tertiary continental margin basement rocks and
Tertiary sedimentary basins that host early Miocene volcanic rocks with arc
compositions, and mid-Miocene and younger volcanic rocks with OIB com-
positions (Pouclet et al., 1994; Choi et al., 2006, 2013).
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The Japan arc-Sea of Japan back-arc-Korean Peninsula system was pre-
viously proposed as an analogue to the Yukon-Tanana and Slide Mountain
terranes in Yukon (e.g., Nelson, 1993; Creaser et al., 1997b; Piercey et al., 2004;
Colpron et al., 2007; Colpron and Nelson, 2021) and may also explain the for-
mation of the Florence Range, Boundary Ranges ,and Whitewater suites in a
spatially contiguous tectonic system (Fig. 12B). Within the context of this ana-
logue, the Florence Range suite metasedimentary rocks would be equivalent
to the ancestral Eurasian margin, whereas Florence Range magmatism (360
+ 4 Ma calc-alkaline intermediate magmatic rocks and 357 + 4 Ma mafic rocks
with OIB composition) would be equivalent to mid-Miocene and younger rocks
on the Korean Peninsula. As such, dated Florence Range magmatism formed
on the passive margin of the back-arc basin. The Whitewater suite BABB
mafic rocks, pelite, and chert could be equivalent to rocks in the Yamato and
Japan basins. The presence of rare ultramafic rocks (Mihalynuk et al., 1994)
could be a primary characteristic of the basin with ultramafic rocks exhumed
along a ridge (e.g., MacLeod et al., 2009; Harigane et al., 2011) or related
to accretion, where ultramafic rocks were preserved along the accretionary
structures or related to serpentinite mélanges (e.g., Huang et al., 2018). The
Boundary Ranges suite could be equivalent to the Japan arc or more likely to
the Ryukyu arc along strike because Boundary Ranges metapelite and rare
graphitic schist and marble are consistent with a submarine environment of
deposition. The Japan arc-Sea of Japan back-arc-Korean Peninsula system
provides an excellent analogue for the formation of the suites in NW British
Columbia; however, it does not provide an easy mechanism for juxtaposi-
tion of the Florence Range and Boundary Ranges suites, and presumably the
Whitewater suite, by the Permian. This would require initiation of subduction
in the Whitewater basin between the Florence Range and Boundary Ranges
suites, but there is no tectonic cause (e.g., arc-arc collision) for a subduction
flip between the Early Mississippian and the Permian. Furthermore, there is no
evidence for subduction-related magmatism in the Florence Range and Bound-
ary Ranges suites that preceded their juxtaposition. Permian magmatism is
restricted to the 270 + 5 Ma Wann River gneiss (Currie, 1992a), which is younger
than the 288 + 7 Ma age of metamorphism in the Boundary Ranges suite.

Direct comparison of the NW British Columbia suites to the Yukon-Tanana
and Slide Mountain terrane in Yukon is somewhat problematic because the arc,
back-arc, and rift signatures are not well separated in the Yukon-Tanana ter-
rane in Yukon, suggesting that the Yukon-Tanana terrane combines rocks that
formed in different tectonic settings and were subsequently amalgamated (e.g.,
Parsons et al., 2018; Ryan et al., 2021). Superficially, the Whitewater suite may
be equivalent to the Slide Mountain terrane; however, van Staal et al. (2018)
and Parsons et al. (2019) demonstrated that parts of the Slide Mountain terrane
are mid-Permian and therefore much too young to conform to the previously
invoked Late Devonian Sea of Japan model. Similarly, although the Florence
Range suite has been correlated to the Snowcap assemblage and likely the
Grass Lakes suite, there is no evidence that the Florence Range suite became
the basement to the Boundary Ranges arc, and the presence of OIB magma-
tism suggests that it became the passive margin of the back-arc basin in the

Japan arc-Sea of Japan back-arc-Korean Peninsula analogue (Zagorevski et
al., 2021). As such, the Florence Range suite may be a closer equivalent to the
White River assemblage in western Yukon (Ryan et al., 2013, 2014, 2021) or the
Healy schist in east-central Alaska (Dusel-Bacon et al., 2017), interpreted to be
part of the parautochthonous margin of Laurentia, rather than the Snowcap
assemblage, which forms the basement to a late Paleozoic arc.

The Luzon arc-South China Sea-South China margin system provides an
alternate analogue for the Florence Range, Boundary Ranges, and Whitewater
suites. It is composed, from east to west, of the Luzon arc, South China Sea,
and Eurasian continental margin in South China and Vietnam (Figs. 12C and
12D; Juan et al., 1983; Defant et al., 1989; Yan et al., 2006). Major plate reorga-
nization in the middle Miocene resulted in initiation of east-dipping subduction
in the western Pacific and formation of the Luzon arc. Miocene rifting along the
Asian margin resulted in opening of the South China Sea west of the Luzon arc,
which has been linked to the India-Asia collision (e.g., Tapponnier et al., 1982;
Leloup et al., 1995) or outboard subduction in the Pacific Ocean (e.g., Taylor
and Hayes, 1980; Fyhn et al., 2009). Opening of the South China Sea resulted
in Miocene and younger intraplate magmatism along the South China margin
and ridge formation in the South China Sea (Chung et al., 1994). Continued
eastward subduction of the South China Sea resulted in diachronous Luzon
Arc-South China margin collision in Taiwan and continued oceanic subduction
in the South China Sea (Huang et al., 2006). The collision in Taiwan juxtaposes
intraplate magmatic rocks related to the opening of the South China Sea with
coeval arc magmatic rocks in the Luzon arc. Within this analogue, the Flor-
ence Range suite would be equivalent to the South China Sea margin, and
the Boundary Ranges suite would be equivalent to the Luzon arc and derived
volcaniclastic sedimentary rocks (Fig. 12D). The South China Sea is analogous
but not directly equivalent to the Whitewater suite, as magmatism in the South
China Sea is characterized by enriched mantle (Chung et al., 1994). However,
continental rifts can tap less enriched or previously metasomatized mantle,
leading to BABB-like compositions (e.g., Robertson, 2007). A tectonic setting
such as the Luzon arc-South China Sea can explain much of the differences
between the Florence Range, Boundary Ranges, and Whitewater suites. In
contrast to the Japan arc-Sea of Japan back-arc-Korean Peninsula analogue,
the presence of a subduction zone between the South China margin and the
Luzon arc provides a mechanism for their Permian juxtaposition (Fig. 12B vs.
Fig. 12D). In this case, continued subduction of the South China Sea (White-
water suite) juxtaposed the Luzon arc (Boundary Ranges suite) with the South
China margin (Florence Range suite). The Whitewater suite may have been
offscraped and incorporated into an accretionary prism during subduction.
The absence of Late Mississippian to early Permian arc rocks in the Boundary
Ranges suite, which would be expected from continuous subduction beneath
a Boundary Ranges arc, is less problematic with this model. Basement of
forearcs, which are in more direct contact with the subducting plate and col-
liding margins, can be significantly older than active arcs (e.g., Falloon et al.,
2014; Reagan et al., 2019). It is thus possible that the Boundary Ranges suite
represents the forearc of a Late Mississippian to early Permian arc that may
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not be preserved in NW British Columbia. Magmatic rocks of that age are
present in other parts of the Yukon-Tanana terrane (e.g., Piercey et al., 2006)

Last, the Solomon arc-New Britain arc-Woodlark Basin-Papua New Guinea
system provides a similar analogue for the Florence Range, Boundary Ranges,
and Whitewater suites. The Australian plate subducts northward beneath the
New Britain and Solomon arcs and contains an active rift, the Woodlark Basin
(Figs. 12E and 12F; see reviews in Baldwin et al., 2012; Weissel et al., 1982). This
rift is propagating into the Papuan Peninsula (part of the Australian plate), result-
ing in magmatism with highly variable composition along the rift, ranging from
tholeiitic to calc-alkaline (Perfit et al., 1987; Stolz et al., 1993; Park et al., 2018).
Alkaline basalts with OIB compositions are present in New Guinea (Richards et
al., 1990). In principle, Papua New Guinea and the Woodlark Basin could explain
the Florence Range suite and the Boundary Ranges and Whitewater suites,
respectively. However, the arc-like rocks of the Boundary Ranges suite may
also be equivalent to the New Britain arc or Solomon arc (e.g., Woodhead and
Johnson, 1993; Petterson et al., 2011). Incorporation of elements of the Woodlark
Basin (Whitewater suite) into the accretionary prism and eventual collision of
the New Britain and Solomon arcs (Boundary Ranges suite) with the Papuan
Peninsula (Florence Range suite) would juxtapose all three suites together. The
absence of Late Mississippian to early Permian arc rocks is explained similarly
as for the Luzon arc-South China Sea-South China margin analogue.

The three modern analogues explain most or all of the geochemical and
geochronological characteristics of the Florence Range, Boundary Ranges, and
Whitewater suites in NW British Columbia and the tectonic processes leading
to their juxtaposition. The Japan arc-Sea of Japan back-arc-Korean Peninsula
is an excellent analogue to explain the geochemical characteristics of the suites,
but it fails to provide a juxtaposition mechanism. A difference in the subduc-
tion location and polarity, such as in the Luzon arc-South China Sea scenario,
provides such a mechanism, but the geochemical characteristics of the rocks
therein do not match perfectly those of the three NW British Columbia suites.
Finally, the Papua New Guinea-New Britain arc-Solomon arc-Woodlark Basin
analogue explains both the geochemical characteristics of the rocks and pro-
vides a tectonic mechanism for their juxtaposition. Other tectonic scenarios
may explain the origin and tectonic evolution of the Florence Range, Boundary
Ranges, and Whitewater suites. For example, the role of transcurrent motion
is not considered in the modern analogues for simplicity. There is evidence for
Late Jurassic to Early Cretaceous sinistral-sense motion and Late Cretaceous
to Quaternary dextral-sense motion (Monger et al., 1994; Chardon et al., 1999;
Gabrielse et al., 2006; Gehrels et al., 2009; Angen et al., 2014; Tochilin et al.,
2014; Yokelson et al., 2015; Monger and Gibson, 2019), but transcurrent motion
during the Paleozoic is not constrained precisely enough to be integrated in
models. Younger local structures, such as the Wann River shear zone, add fur-
ther uncertainty to the original position of the metamorphic suites, which may
not have formed perfectly aligned across-strike. Restoration of displacement
associated with this shear zone is currently not possible, given its polyphase
evolution and the lack of constraints on the amount of displacement (Soucy
La Roche et al., 2022b). In any case, it is clear that the Yukon-Tanana terrane

is composed of multiple packages of rocks that originated in distinct but pos-
sibly genetically linked settings. A thorough characterization of the ages and
chemical compositions of lithological suites within the terrane, and in contact
with the terrane, can help to elucidate the complex tectonic and magmatic
processes that led to its formation. A better understanding of the structures
that separate segments of the Yukon-Tanana terrane that have distinct origins
is a logical next step to understand its assembly (e.g., Parsons et al., 2018).

B CONCLUSIONS

Our new geochronological and immobile trace-element geochemical data
indicate that the Florence Range, Boundary Ranges, and Whitewater metamor-
phic suites in NW British Columbia were formed in distinct tectonic settings
and were subsequently amalgamated into the Yukon-Tanana terrane. In the
Florence Range suite, late Neoproterozoic or younger to pre-latest Devonian
continental margin metasedimentary rocks (metamorphosed pelite, psam-
mite, quartz arenite, carbonate, and rare chert) were intruded by 360 + 4 Ma
calc-alkaline intermediate orthogneiss and 357 + 4 Ma amphibolite with OIB
composition in a continental rift tectonic setting. In the Boundary Ranges suite,
Late Devonian or older metasedimentary rocks were derived in part from a
mafic source, and the composition of interlayered amphibolite is consistent
with a subduction-zone metasomatized mantle source. The Boundary Ranges
suite also includes 369 + 4 Ma to 367 + 7 Ma calc-alkaline felsic to interme-
diate orthogneiss that has a composition compatible with multiple tectonic
settings, including a continental volcanic arc or continental rift. In strong con-
trast, the Whitewater suite comprises manganiferous meta-chert, graphite-rich
metapelite, and amphibolite with BABB composition, which is consistent with
its formation in an anoxic basin near a volcanic source (e.g., spreading center
or guyot). Differences in lithological and chemical compositions between the
Florence Range and Boundary Ranges suites indicate that they were separate
until at least the Early Mississippian, but the lack of robust geochronological
constraints on the Whitewater suite hinders the assessment of its relationship
with the two other metamorphic suites. The Florence Range and Boundary
Ranges suites both record evidence of metamorphism during the Permian,
which may indicate that they started to interact with each other at that time. The
detrital signature of metasedimentary rocks from the Florence Range suite is
dominated by late Mesoproterozoic zircon, which is rare or absent from coeval
strata of the Snowcap assemblage in Yukon, and therefore suggests a distinct
source. Overall, our study demonstrates that there are important lithological,
geochemical, and provenance variations in pre-Mississippian strata at the scale
of the Yukon-Tanana terrane, and even at the scale of relatively small regions
such as the Atlin area in NW British Columbia. Intraterrane shear zones such
as the Wann River shear zone likely added a lot of complexity to the distribu-
tion of rocks that formed in originally different tectonic settings and are now
included in the Yukon-Tanana terrane. Comparison with modern analogues
helps to understand the tectonic settings in which these rocks may have formed.
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