CHAPTER B: METAMORPHISM OF THE LADUE RIVER-MOUNT

FAIRPLAY AREA

R.J. Newberry! and Evan Twelker?

INTRODUCTION

The metamorphic rocks of the Ladue River-
Mount Fairplay study area comprise several
assemblages or groups of units (fig. 1) that can be
distinguished based on differences in their peak
metamorphic grade. These include: greenschist-
facies ultramafic rocks and the rocks assigned
to the Klondike assemblage; lower amphibolite-
facies rocks of the Ladue River unit; and upper
amphibolite-facies rocks of the Lake George
assemblage and Jarvis belt. The spatial distribution

of these metamorphic grade differences corresponds
to the patterns observed for “’Ar/*?Ar metamorphic
cooling ages: the rocks of the allochthonous Yukon-
Tanana terrane (YT'T; Klondike and Fortymile
River, Snowcap assemblages, Ladue River unit)
cooled prior to the Cretaceous (Permian through
Jurassic), and rocks of parautochthonous North
America (pNA; Lake George assemblage) cooled
during the Early Cretaceous (Pavlis and others,
1993; Dusel-Bacon and others, 2002; Naibert
and others, 2020; Jones and Benowitz, 2020).
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Figure 1. Map illustrating the major metamorphic assemblages of the map area and the locations of microprobe-

analyzed samples.
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Rocks with older metamorphic cooling ages
record a metamorphic event that is older and
separate from that observed in the Lake George
assemblage, probably the Middle Permian-Early
Triassic Klondike orogeny documented only in the
allochthonous terranes (Beranek and Mortensen,
2011; van Staal and others, 2018). The higher-grade
metamorphism with Early Cretaceous cooling
ages reflects a later, separate event most likely
related to the emplacement of the YT'T over pNA,
combined with the thermal effects of widespread
mid-Cretaceous plutonism. The juxtaposition of
older cooling ages on top of younger cooling ages
indicates missing ‘thermal section’ and is evidence
of low-angle, extensional motion on faults that
separate the YI'T and pNA (Pavlis and others,
1993, Hansen and Dusel-Bacon, 1998).

The purpose of this chapter is to describe the
metamorphism of each map unit, specifically as it
relates to the practical exercise of identifying and
mapping the fundamental metamorphic assem-
blages in the study area. We have used thin section
petrography supported by electron probe micro-
analyses, energy dispersive spectroscopy to identify
minerals and track the compositional variations of
plagioclase and hornblende, which vary with meta-

morphic grade. Establishing the chronology and
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the pressure-temperature conditions of metamor-
phism are beyond the scope of this chapter.

ANALYTICAL METHODS

We selected metamorphic rocks of mafic
composition (amphibolite, greenstone) for petro-
graphic and electron probe microanalysis because
these rocks contain metamorphic-facies-diagnostic
amphiboles and plagioclase, and because they have
a relatively consistent, calcium-rich composition
that ensures plagioclase can equilibrate with other
calcium-bearing phases. Figure 2 illustrates the
major-oxide compositional similarities and differ-
ences of the map units analyzed.

R.J. Newberry analyzed plagioclase and horn-
blende compositions by energy-dispersive spectros-
copy—electron probe microanalysis (EDS-EPMA)
using the JEOL JXA-8530 Field Emission Electron
Probe Microanalyzer at the University of Alaska
Fairbanks Advanced Instrumentation Laboratory
(UAF AIL). Analytical beam conditions were 15
keV and current of 45 nA. Energy dispersive spec-
troscopy (EDS) was undertaken using the Thermo
7 SDD-EDS System and the analyses were reported
in the Thermo Scientific™ NORAN™ System 7
X-Ray Microanalysis System (NSS) software. The
system was calibrated using well-characterized
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Figure 2. Bivariate scatterplots illustrating the major oxide composition of the metamafic samples analyzed by microprobe.
A. CaO vs SiO,. B. Ca0 vs. Na,O + K,O. Data from Wypych and others (2019).
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natural-mineral standards as both analytical stan-
dards and analytical blanks. Count times were 60
seconds. Analyses are available in the digital data
associated with this report.

RESULTS

Plagioclase Compositions

Most metamafic samples exhibit a broad
range of plagioclase compositions. This unequili-
brated assemblage reflects partial retrograde meta-
morphism (fig. 3). We interpret the high end of the
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major metamorphic terranes in the map area based
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Figure 3. Plagioclase compositional data for metamafic samples (percent anorthite [An] component) based on microprobe EDS.



36 Report of Investigation 2021-5B

site (Pkmb) contains no plagioclase with composi-
tions more calcic than An_ | (albite).

Amphibole Compositions

The composition of “main-stage” peak-meta-
morphic amphibole (disregarding actinolite grain
cores or retrograde overprints) in metamafic rocks
also varies systematically by metamorphic terrane (fig.
4), providing a second and complementary basis for
discrimination between metamorphic assemblages.
Metabasite of the Klondike assemblage (Pkmb)
contains only actinolite and no hornblende, whereas
Ladue River unit amphibolites (MDa) contain true
hornblende and/or edenite. Lake George amphibo-
lite (MDla) and Jarvis belt greenstone (kgs) contain
true hornblende, edenite, and hastingsite or parg-

1.0

asite. Ladue amphibolites contain less-calcic (higher
sodium [Na] plus potassium [K]) hornblende than
those of the parautochthonous units, and their
compositions are very similar to those of the alloch-

thonous Fortymile River assemblage (fig. 4).

DISCUSSION OF METAMORPHIC
ASSEMBLAGES

Low-Grade Metamorphosed
Ultramafic Rocks (RPzum)

Ultramafic rocks of unit RPum include the
low-grade metamorphic equivalents of dunite and
lesser clinopyroxenite. Metamorphosed dunite
(serpentinite) comprises serpentine, chlorite, dolo-
mite, magnesite, and Cr-magnetite; grain size is
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very fine, 50-200 pm. Metamorphosed clinopy-
roxenite is a tremolite-chlorite rock with lesser
albite, ilmenite, and magnetite; grain size is fine,
0.2-2 mm. Microprobe scans failed to find diag-
nostic indicator minerals (olivine or talc in the
serpentinite; hornblende or biotite in the meta-
clinopyroxenite), which suggests these rocks never
experienced amphibolite-facies metamorphism. We
have mapped the southern locality of RRzum (near
the confluence of McArthur Creek and the Ladue
River) as part of the structural contact between the
parautochthonous Lake George assemblage and the
allochthonous rocks of the Ladue river unit, both
amphibolite grade. The metaclinopyroxenite at
this location must have been structurally emplaced
because it never experienced amphibolite-facies
metamorphism. The ®Pum unit in the north-
eastern corner of the map separates Lake George
from the overlying, allochthonous Klondike assem-
blage mapped in Yukon (Gordey and Ryan, 2005).
The position of both ultramafic localities along the
allochthon-parautochthon boundary suggests they
are derived from oceanic crust of the Seventymile
(Slide Mountain) terrane.

Klondike Assemblage
The Klondike assemblage includes mafic-

to intermediate-composition greenschist (Pkmb)
composed of fine-grained chlorite, actinolite,
epidote, albite (Anw), and local quartz or biotite.
Lithologies with metasedimentary or metavol-
canic provenance are similarly fine-grained schists
composed of quartz, white mica, chlorite, albite,
epidote, and local biotite. Microprobe examina-
tion did not find relict hornblende or plagioclase.
Based on these observations, we conclude that the
Klondike assemblage in eastern Alaska experienced
upper greenschist-facies metamorphism, but it did
not experience the amphibolite-facies metamor-
phism that effected the other allochthonous rocks
in the area.

Ladue River Unit

Amphibolite (unit MDa) is a minor constit-
uent of the allochthonous rocks of the Ladue River

unit. Prograde mineralogy includes hornblende,

plagioclase (An

1 0_25), biotite, and phengitic musco-
vite; based on textural evidence, chlorite and clino-
zoisite may also be part of the prograde assemblage.
We did not find clinopyroxene in this unit. Retro-
grade mineralogy includes actinolite after horn-
blende, albite after plagioclase, and chlorite after
biotite. Metasedimentary (MBms) lithologies are
siliccous and contain biotite, chloritized biotite,
chlorite, and epidote-group minerals. Garnet
(partially or completely replaced by chlorite) was
found in several samples and seems to be more
common than in the Lake George metasedimen-
tary rocks. Combined, the mineralogy and mineral
compositions (see below) indicate that the Ladue
River unit experienced uppermost greenschist- to
lower amphibolite-facies conditions. The meta-
morphic grade is lower than that experienced by
the Lake George assemblage, but higher than that
experienced by the Klondike assemblage in the
map area.

Lake George Assemblage

Lake George assemblage amphibolites (MDla)

characteristically contain hornblende, An

25-
plagioclase, and titanite; some samples cont;igli
biotite. Prograde minerals present locally include
diopside and calcic almandine garnet. Microprobe
examination reveals that some metamorphic horn-
blende retains texturally early “cores” of actinolite,
and metamorphic plagioclase locally contains cores
of albite. An overprinting retrograde assemblage
comprises texturally late actinolite and albite, chlo-
rite partially replacing biotite, and epidote. Lake
George metasedimentary rocks (units MBIgs and
DBgq) are siliceous, and the contained minerals
are not particularly useful as indicators of meta-
morphic grade. They are dominated by quartz,
white mica, and biotite; rare accessory minerals
include sillimanite and garnet. Based on preserved
mineralogy, particularly in the amphibolites, we
conclude that the Lake George assemblage rocks
in the map area underwent regional peak meta-
morphism at upper amphibolite-facies conditions,
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followed by a partial retrograde overprint at green-
schist-facies conditions.

Jarvis Belt Greenschist

Rocks of the Jarvis belt belong to parautoch-
thonous North America (Dusel-Bacon and others,
20006). Interlayered metavolcanic rocks indicate
Mississippian to Devonian depositional ages, in
contrast to the Lake George assemblage where
magmatism of this period occurred as plutonism,
now augen orthogneiss (unit MDag). The boundary
between Lake George (Macomb unit) and the
Jarvis belt may be structural (Dashevsky and
others, 2003) or gradational/depositional (Sicard
and others, 2017). Greenstone (unit Rgs) is inter-
preted as metamorphosed gabbroic sills. The unit
is intensely retrograded to actinolite, epidote,
and albite, but it nevertheless preserves remnants
of “main stage” metamorphic hornblende and
high-anorthite (An,,
4). Metarhyolite (MDmr) contains fabric-forming
white mica and locally, metamorphic biotite that

) plagioclase (see figs. 3 and

is partially to completely chloritized. Together, this
evidence suggests that the Jarvis belt rocks expe-
rienced similar, amphibolite-facies peak metamor-
phic conditions to the Lake George assemblage.

CONCLUSIONS
Our that  high-An

plagioclase (greater than about An, ) occurs only in

observations  show
Lake George and Jarvis belt metamafic rocks, and
that Klondike assemblage metamafic rocks contain
only albite and actinolite. Metamafic rocks of the
Ladue River amphibolite contains plagioclase up to
An, as well as hornblende, but hornblende compo-

sitions are generally distinct from those of the Lake
George amphibolite. The pattern of Ladue River
amphibole compositions is similar to those observed
in the Fortymile River assemblage. By distinguishing
allochthonous from parautochthonous terranes,
our results complement the “°Ar/*Ar thermochro-
nology approach to delineation of the metamorphic
terranes of the region. They also frame additional
questions for future study by highlighting similar-
ities in peak metamorphic conditions between the
Lake George assemblage and the Jarvis belt, and
between the Fortymile River assemblage and the
Ladue River unit. We also note a contrast in meta-
morphic grade between the Klondike assemblage
and the underlying amphibolite-grade metamorphic
rocks of the Ladue River unit; on our map we inter-
pret this as indicating structural assembly of those
units following peak metamorphism.
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