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▪ Parker Island is located on the 
West-central part of Wollaston Lake, 
Saskatchewan and ~350 km N-NE of 
the community of La Ronge, 
Saskatchewan (Fig. 1). 

▪ The geology of Parker Island is 
dominated by a mafic metavolcanic  
unit and a quartzite-psammite unit of 
the Hidden Bay Assemblage which is 
interpreted to reside at the base of the 
Wollaston Supergroup stra�graphy 
(PWam; Fig. 2). 

▪ In addi�on, Parker Island comprises a 
series of apparent hydrothermal 
altera�on rocks. Parker Island is a rare 
loca�on in the Wollaston Lake area 
where primary textures in the mafic 
metavolcanic rocks are preserved.

▪ Altera�on rocks on the island include 
cordierite rock, anthophyllite rock, 
garne�te and nodular quartz-sillimanite 
rock. The mineral assemblages of these 
rocks are similar to those found in 
known volcanogenic massive sulphide 
districts in medium to high grade 
metamorphic terranes.
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▪ Anthophyllite rock contains a mineral assemblage 
dominated by anthophyllite, cordierite, 
plagioclase, k-feldspar, quartz, hornblende, 
bio�te, garnet, and sillimanite. Trace amounts of 
sphalerite and pyrite are found together in 
polished sec�on. 

▪ Cordiete rock is found at the intpreted redox 
front and comprises of a simillar assemblage with 
higher concentra�ons of feldspar and quartz and 
lower concentra�ons of anthophyllite. In thin 
sec�on, perthite textures were observed in 
additon to illmen�te and chalcopyrite. 

▪ Quartzite-psammite (QPs) unit consists of 
orthoquartzite and psammite enriched in 
variable amounts of sillimanite, bio�te, and 
muscovite. 

▪ In QPs, relict fine- to coarse-grained, graded beds 
were observed at mul�ple exposures in addi�on 
to distorted laminae as a result of quartz 
overgrowths.

▪ QPs transi�ons into highly altered orange to 
rusty-brown outcrops with a recessively 
weathered fine-grained 
feldspar-sillimanite-bio�te-muscovite matrix with 
nodular quartz-sillimanite intergrowths. 
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Fig. 3: A 10 x 
6 m grid 
illustra�ng 
the contact 
rela�onships 
between the 
mafic 
metavolcanic
rock, nodular 
quartz 
sillimanite 
rock and 
garne�te 
units (not 
geo-
referenced). 
Grid 
constructed 
using Barnes’ 
(2011) 
method for 
mapping an 
exposure in 
detail. 

Fig. 9: Garne�te and MMV rock samples are plo�ed on tectonic discrimina�on diagram from Barnes (2021), using 
trace element chemistry to determine the source of these rocks.

Alkali
Rhyolite

Trachyte

Phonolite

Tephriphonolite

FoiditeAlkali
Basalt

Trachy
Andesite

Basalt

Andesite Basaltic
- Andesite

Rhyolite Dacite
Evolved

Intermediate

Basic

Sub-Alkaline Alkaline Ultra-Alkaline

Volcanic Rocks Modified (Pearce 1996)
1

0.1

0.01

0.001

0.002 0.01 0.02 0.1 0.2 1 2 3  4  5 10     20  30             100   200   
Nb/Y [Locked]

Zr
/T

i [
Lo

ck
ed

]

D
ow

nloaded from
 https://academ

ic.oup.com
/petrology/article/62/6/egab024/6178009 by guest on 30 August 2021

Fig. 15. Paleo-Proterozoic trace elements, ‘greenstone basalts’ plus komatiites, (a) and (b) Circum-Superior , Thompson,
Winnepegosis, Raglan; (c) and (d) Fennoscandian Shield including Pechenga. Note strong similarity of Circum-Superior data set to
typical Archean assemblages.
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side. The distribution is distinctly bimodal on Th/Yb–Nb/
Yb with a gap corresponding to the intermediate La
basalts that are a large component of the Archean data
sets. There is a small but distinct group of Al-depleted
komatiites, with trace element characteristics similar to
Archean equivalents; these samples are predominantly
from the Svecofennian orogeny (Raahe-Ladoga belt) in
central Finland; however, these samples are amphibo-

et al. , 2011 ; Scoates et al. , 2017 ), although the trace
element characteristics of the magmas are greatly
di�erent.

The Paleoproterozoic Fennoscandian Shield is strik-
ing in that of all the Precambrian cratons it has an as-
semblage most similar to the Phanerozoic Earth,
containing samples along the length of the mantle array
and also along the oceanic to continental arc array ( Fig.
15d–f ). Besides the Pechenga ferropicrites, the Lapland
region contains a grouping of Ti-enriched komatiites
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the Archean basalts, but the primitive (low-Th) end of
the array is slightly displaced towards the high-Nb/Yb
side. The distribution is distinctly bimodal on Th/Yb–Nb/
Yb with a gap corresponding to the intermediate La
basalts that are a large component of the Archean data
sets. There is a small but distinct group of Al-depleted
komatiites, with trace element characteristics similar to
Archean equivalents; these samples are predominantly
from the Svecofennian orogeny (Raahe-Ladoga belt) in
central Finland; however, these samples are amphibo-
lites lacking igneous textures, and it is quite likely that
they could be Mg-enriched cumulates from e-MORB-
like basalts. The mantle-array group is largely absent,

et al. , 2011 ; Scoates et al. , 2017 ), although the trace
element characteristics of the magmas are greatly
di�erent.

The Paleoproterozoic Fennoscandian Shield is strik-
ing in that of all the Precambrian cratons it has an as-
semblage most similar to the Phanerozoic Earth,
containing samples along the length of the mantle array
and also along the oceanic to continental arc array ( Fig.
15d–f ). Besides the Pechenga ferropicrites, the Lapland
region contains a grouping of Ti-enriched komatiites
(Fig. 15d–f ) with highly depleted trace element charac-
teristics above the mantle array at very low Nb/Yb and
close to the mode o�ntraoceanic arc basalts ( Puchtel
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▪ It was hypothesized that both the anthophyllite rock and cordierite rock were an altered variant 
of the mafic metavolcanic rock. However, trace element concentra�ons do not match those of 
basalts. The protolith of these rocks remains unknown. It is speculated that they may be 
metavolcanic or metasedimentary. According to Fig. 10 both rocks plot as felsic. 

▪ Anthophyllite rock and cordierite rock samples are from the same outcrop. The reason why the 
trace elements of these rocks behave differently is not fully understood. Cordierite rock may 
originally be depleted in Ba, Zr, Y, Yb and therefore different from the anthophyllite rock or it 
may share a protolith with the anthophyllite rock and the concentra�on of these elements have 
been diluted as a result of an addi�on to the system. ▪ Relict textures in the 

quartz-psammite rock may be 
representa�ve of primary beds, 
although, there are no 
conclusive examples.

▪ Petrographic observa�ons in the 
quartzite-psammite rock and 
nodular quartz sillimanite rock 
are sugges�ve of varying 
degrees of altera�on due to the 
presence of sericite and quartz 
overgrowths. This coupled with 
highly varied geochemistry 
lends to the idea that the rocks 
have been metasoma�cally 
altered.

▪ Lead, zinc, iron, iron-nickel and 
copper-iron sulphides were 
discovered in mafic 
metavolcanic rocks and 
altera�ons rocks. 

▪ Mass balance calcula�ons will 
be performed using whole-rock 
geochemistry to understand 
element enrichment or 
deple�on in altera�on samples 
using isocon analysis.  

▪ Field observa�ons of mafic metavolcanic rocks paired with geochemical signatures confirm 
the suspected volcanic nature of these rocks. Geochemistry of the garne�te indicates Ca is 
likely mobile (Fig. 7) and immobile elements plo�ed in Fig. 8 suggest that the garne�te is the 
altered equivalent of the mafic metavolcanic rock. Both the mafic metavolcanic rock and 
garne�te (Fig. 4C) would have been subjected to the same metamorphic grade. Fluids may 
have been derived from metamorphism or a late igneous intrusion. 

▪ The linear trend amongst mafic metavolcanic rocks on the CaO-MgO diagram suggests that 
these rocks have different propor�ons of plagioclase to mafic minerals  (Fig. 6). Trace 
element plots of La-Yb and Y-Zr display 2 clusters of mafic metavolcanic rocks sugges�ng 
frac�ona�on of basalts.  La/Sm-Gd/Yb shows that mafic metavolcanic rocks plot as a cluster 
indica�ng they are part of the same group but may be from various volcanic flows (Fig. 8).   

▪ High values of Th/Yb in garne�te and mafic metavolcanic rocks suggest crustal 
contamina�on. These rocks could be derived from con�nental flood basalts with high crustal 
contamina�on or con�nental arcs with a crustal signature (Fig. 9).  Pyroclas�c textures 
observed (Fig. 4A) suggest that a collisional se�ng is most likely.  

Fig. 10: Tectonic discrimina�on of volcanic rocks according to Pearce (1996) 
with all samples plo�ed. Colours correspond to legend in Fig. 7.
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▪ This study seeks to advance 
the understanding of the 
tectonic history and altera�on 
systems of the mafic 
metavolcanic rocks of the 
Hidden Bay Assemblage to 
provide valuable insights 
guiding prospec�ve 
explora�on efforts for base 
metal mineraliza�on.

▪ The Wollaston supergroup 
comprises Paleoproterozoic 
supracrustal rocks which have 
been subjected to upper 
amphibolite to granulite 
metamorphic condi�ons, 
polyphase deforma�on, and is 
host to base metal and 
uranium deposits and 
occurrences (Fig. 2).

▪ Minor quan��es of 
disseminated sulphide 
minerals are present locally in 
all rocks of the Hidden Bay 
Assemblage. On Parker Island, 
pyrite and chalcopyrite are 
common in all rocks. 
Addi�onally, sphalerite, 
pyrrho�te and pentlandite 
have been iden�fied in the 
altera�on rocks. One known 
gold occurrence is also 
present on the island.

▪ Data collec�on entailed describing 
rocks, construc�ng a grid displaying 
field rela�onships (Fig. 3) and 
sampling. 

▪ Petrographic analysis was performed 
on 11 polished thin sec�ons.

▪ Lithogeochemistry was employed on 
14 samples. Major and trace elements 
were used to establish rela�onships 
between mafic metavolcanic rocks 
and altera�on rocks. 

▪ The isocon method from Grant (2005) 
will be used to quan�ta�vely evaluate 
chemical gains and losses of mass 
transfer through hydrothermal 
altera�on.
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Fig. 4: A) Mafic metavolcanic rock with primary volcanic 
textures comprising ~15% lapilli and 85% matrix. B) Mafic 
metavolcanic rock (MMV) grading into banded garne�te. C) 
Mafic metavolcanic rock (MMV) with anthophyllite in contact 
with quartzite-psammite unit (QPs). D) Weathered outcrop of 
garne�te exhibi�ng garnet (Gt) and hornblende (Hbl) 
porphyroblasts in a dark brown hornblende-bio�te (Bt)-rich 
matrix with quartz (Qtz) infill.

Fig. 5:  A) Anthophyllite rock with crenula�ons and rusted bands interpreted to be redox fronts. B) Cordierite rock with cordierite (Crd), 
albite (Alb), quartz (Qtz) and anthophyllite (Ath). C) Radia�ng anthophyllite crystals in anthophyllite rock. D) Thick foliated quartzite 
layer E) Quartzite-psammite unit (QPs) with nodular quartz sillimanite rock (NQS). F) Sheared nodular quartz sillimanite altera�on rock. 

▪ Cordierite rock is found along an interpreted 
redox front (Fig. 5A) and consists of a similar 
assemblage to the anthophyllite rock, albeit with 
higher concentra�ons of feldspar and quartz and 
lower concentra�ons of anthophyllite (Fig. 5B). In 
thin sec�on, perthite was observed in addi�on to 
ilmenite and chalcopyrite.

▪ Quartzite-psammite unit consists of 
orthoquartzite (Fig. 5D) that grades to psammite 
as indicated by variable amounts of sillimanite, 
bio�te, and muscovite (Fig. 5E). 

▪ Quartzite-psammite unit transi�ons to highly 
altered orange to rusty-brown outcrops of 
nodular quartz sillimanite rock (Fig. 5E). This unit 
is defined by nodular quartz sillimanite 
intergrowths in a recessively weathered, 
fine-grained, feldspar 
-sillimanite-bio�te-muscovite matrix (Fig. 5F).
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Fig 7: X-Y plots of 
selected major oxide 
concentra�ons of all 
units are plo�ed 
along with 
representa�ve 
composi�ons of 
major minerals from 
Deer et al. (2013) . 
Garnet was omi�ed 
from all plots as the 
species remains 
unknown. The 
intermediate phase 
between the 
extreme-end 
members of 
clinopyroxene and 
orthopyroxene are 
plo�ed . Mafic 
metavolcanic rocks 
plot between 45-50 
wt% SiO2  and 4-9 
wt% MgO, consistent 
with basalt 
signatures. Garne�te 
plots amongst the 
mafic metavolcanic 
rocks, however, 
garne�te is depleted 
in CaO.  
Anthophyllite 
contains less SiO₂ 
with 49 wt% but is 
enriched in MgO 
with 15 wt% plo�ng 
between Ath and 
Crd. Cordierite rock 
however contains 
more SiO₂ with 64 
wt% and less MgO 
with 7 wt%, plo�ng 
between Crd and 
Alb/Or.
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Garnetite

Feldspar-Quartz-Sillimanite rockFig 6: Polished sec�ons in reflected PPL. A) Mafic 
metavolcanic rock with chalcopyrite (Ccp), ilmenite (IIm), 
magne�te (Mag) and pentlandite (Pn) with exsolu�on 
flames in pyrrho�te (Po). B) Magne�te, ilmenite and 
pyrite (Py) in mafic metavolcanic rock. C) Sphalerite (Sp) 
and Py in anthophyllite rock.
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Fig 8: X-Y plots for selected trace element 
concentra�ons of all rock units studied. Colours 
correspond to legend in Fig. 7. Two clusters of mafic 
metavolcanic rocks are observed on both plots and 
garne�te is on trend with mafic metavolcanic rocks.  
Mafic metavolcanic rocks and garne�te plot as a 
cluster on La/Sm-Gd/Yb diagram. Trace element 
concentra�ons of anthophyllite rock and cordierite 
rock are vastly different and as a result they have be 
classified separately despite close field rela�onships.
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Fig. 1: Loca�on of Parker Island in the context of 
Saskatchewan’s lithostructural domains 
(from Johnstone et al. 2022)

Fig. 2: Geological Map of southwest Wollaston Lake derived from 
Maxeiner et al.’s (2021) 1:1 000 000-scale map of Saskatchewan
(from Johnstone et al. 2022)
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PARKER 
ISLAND 

FIELD OBSERVATIONS AND MINERAL ASSEMBLAGES
▪ Parker Island’s mafic metavolcanic rocks are massive to foliated with local 

pyroclas�c exposures (Fig. 4A).
▪ The mafic metavolcanic rocks are found in grada�onal contact with garne�te 

(Fig. 4B) and in abrupt contact with the quartzite-psammite unit (Fig. 4C).
▪ The mafic metavolcanic rock unit consists of hornblende, plagioclase, k-feldspar 

and bio�te. Petrography revealed variable amounts of clinopyroxene and 
orthopyroxene as well as minor amounts of quartz and magne�te with trace 
calcite, apa�te, chalcopyrite, ilmenite, pyrite, pyrrho�te and pentlandite (Fig. 6).   

▪ Garne�te exposure consists predominantly of bio�te, garnet, hornblende, 
plagioclase and minor amounts of orthopyroxene, quartz, chlorite, cordierite 
and ilmenite with trace amounts of pyrite (Fig. 4D). In localized zones, there is as 
much as 70% bio�te and 30% garnet. 

▪ Anthophyllite rock is found in contact with mafic metavolcanic rock and nodular 
quartz sillimanite rock. Anthophyllite represents 25-75% of the rock consis�ng of 
radial, bladed crystals up to 7cm in length (Fig. 5C). 

▪ Anthophyllite rock contains a mineral assemblage dominated by anthophyllite, 
cordierite, plagioclase, k-feldspar, quartz, hornblende, bio�te, garnet, muscovite 
and sillimanite. Trace amounts of sphalerite  and pyrite are found together in 
polished sec�on (Fig. 7C).
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▪ Petrography revealed an array of sulphide and oxide 
minerals shown in Fig. 6. In Fig. 7 and Fig. 8 X-Y plots 
of major and minor elements are displayed


