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. Introduction and Geological Setting

. o i _ oy = Field observations of mafic metavolcanic rocks paired with geochemical signatures confirm
. \Ij\?rker IsIancII IS Ioca];c%s (?In the . Beaveriodgela R T NEtG e FIELD OBSERVATIONS AND MINERAL ASSEMBLAGES ' N e the suspected volcanic nature of these rocks. Geochemistry of the garnetite indicates Ca is
est-central part or Wollaston Lake, P - ’ . . . . . A w2z e Bhd o o e T likely mobile (Fig. 7) and immobile elements plotted in Fig. 8 suggest that the garnetite is the
SaSkatChewa.n and ~350 km N-NE of soNo 59°N = Parker Islf';md s mafic me.tavolcanlc rocks are massive to foliated with local sy _';':',‘I'm-‘ el altered equivalent of the mafic metavolcanic rock. Both the mafic metavolcanic rock and
ghekcon;]mun't\zlgf Li)Ronge, pyroclastic exposures (Fig. 4A). S garnetite (Fig. 4C) would have been subjected to the same metamorphic grade. Fluids may
askatchewan (Fig. 1). . . . . : : : : : : :
& e | PARKER ISL * The mafic metavolcanic rocks are found in gradational contact with garnetite have been derived from metamorphism or a late igneous intrusion.
" '(Ij'he geologybof Parkﬁgr Island ISI . Basin ﬁfjﬁg‘*’d el (Fig. 4B) and in abrupt contact with the quartzite-psammite unit (Fig. 4C). * The linear trend amongst mafic metavolcanic rocks on the CaO-MgO diagram suggests that
ominate a mafic metavolcanic NG Vi , _ _ , _ : ) . . .
"it and Y tite-psammite Uit of » The mafic metavolcanic rock unit consists of hornblende, plagioclase, k-feldspar these rocks have different proportions of plagioclase to mafic minerals (Fig. 6). Trace
unit and a quartzite-psammite unit o 56°N - oo d biot h led variabl £ el d element plots of La-Yb and Y-Zr display 2 clusters of mafic metavolcanic rocks suggesting
the Hidden Bav A bl hich i ; and biotite. Petrography revealed variable amounts of clinopyroxene an , : ; ,
€ Hiaaen bay Assemblage whnich IS O h I : f d : ith fractionation of basalts. La/Sm-Gd/Yb shows that mafic metavolcanic rocks plot as a cluster
interpreted to reside at the base of the ~ A orthopyroxene as well as minor amounts of quartz and magnetite with trace - icating th P o he f : canic f g,
XS . o . . . o . . .
Wollaston Supergroup stratigraphy = & 4 calcite, apatite, chalcopyrite, ilmenite, pyrite, pyrrhotite and pentlandite (Fig. 6). indicating they are part of the same group but may be from various volcanic flows (Fig. 8).
. Lakedg K ﬁReindeer . . . . . n 1 I x " I
(PWam; Fig. 2). : . o, Lake_ = Garnetite exposure consists predominantly of biotite, garnet, hornblende, High val.ues.of T?(]Yb in gakrnetltledatr:d dma_ﬁc (rjnfetavolcan;c rocklsﬂsuggebst crlustal_ - |
X “ . . . . .
« In addition. Parker Island - & =, 3 plagioclase and minor amounts of orthopyroxene, quartz, chlorite, cordierite contamination. These rocks could be derived from continental tlood basalts with high crusta
N aadiaon, Farker I1sland comprises a 57°N ' 57N dil : ith £ OVri : localized here | contamination or continental arcs with a crustal signature (Fig. 9). Pyroclastic textures
: £ t hvdroth | o and ilmenite with trace amounts of pyrite (Fig. 4D). In localized zones, there is as , o Vo] ,
slerles 0 appakrenP K rc? I er(;na S ' much as 70% biotite and 30% garnet observed (Fig. 4A) suggest that a collisional setting is most likely.
alteration rocks. Parker Island is a rare - SN sl '
.. Mudjatik N ¥ i : : : : : : 10! 100
location in the Wollaston Lake area Ry = Anthophyllite rock is found in contact with mafic metavolcanic rock and nodular
where primary textures in the mafic 5 quartz sillimanite rock. Anthophyllite represents 25-75% of the rock consisting of ’ — gz:z:z E'IZTZSS
metavolcanic rocks are preserved. 914 & radial, bladed crystals up to 7cm in length (Fig. 5C). 10° T —— Continental Arcs
° ° ° 56°N ®\$ 56°N . . . . . = 239 — - i
= Alteration rocks on the island include \L\%ﬁ = Anthophyllite rock contains a mineral assemblage dominated by anthophyllite, .E 23 T g‘;;aﬁgecjfar;';ggjfgasalts
cordierite rock, anthophyllite rock, cordierite, plagioclase, k-feldspar, quartz, hornblende, biotite, garnet, muscovite 10 Y ®  Mafic Metavoleanic Rock
garnetite and nodular quartz-sillimanite Glennie and sillimanite. Trace amounts of sphalerite and pyrite are found together in s @ Gametite
rock. The mineral assemblages of these . polished section (Fig. 7C). .
rocks are similar to those found in vy, e L R I W 5 % s 10 15 20
: : . Basin Ronge Elin|Flon
known volcanogenic massive sulphide NB/AD Al
106°W 104°W 102°W
districts in medium to hieh erade ) ) ) ) ) ) Fig. 9: Garnetite and MMV rock samples are plotted on tectonic discrimination diagram from Barnes (2021), using
i hic t &N & Fig. 1: Location of Parker Island in the context of Fig. 4: A) Mafic metavolcanic rock with primary volcanic trace element chemistry to determine the source of these rocks.
metamorpnic terranes. Saskatchewan’s lithostructural domains textures comprising ~15% lapilli and 85% matrix. B) Mafic _ . o _
(from Johnstone et al. 2022) rl\n/le’]cﬁavolcanic Irock MMIY()I\%\E;IO\I/i)ng inl;co bahndeﬁl ﬁarnetite. C) = [t was hypothesized that both the anthophyllite rock and cordierite rock were an altered variant
afic metavolcanic roc with anthophyllite in contact : : :
| with quartzite-psammite unit (QPs). D) Weathered outcrop of of the mafic metavolcanic rock. However, trace element concentrations do not match those of
s _ s o0 g _qu,qfu = This study seeks to advance Rl iRy OG- UG o B B E " ¥ garnetite exhibiting garnet (Gt) and hornblende (Hbl) basalts. The protolith of these rocks remains unknown. It is speculated that they may be
1 \ AN ) e /s 7 . }E% Gu! ,’_"““’prsn the understanding of the i ha 3 e oSN | S e Pnoarteihxy\l;\(/)i'tc)}gaétsalrr’]cza(gl?cgl)( itg\t;clg)l\llvn hornblende-biotite (Bt)-rich metavolcanic or metasedimentary. According to Fig. 10 both rocks plot as felsic.
A . - A AHfn :..ISJL 0 A :#33" ) HET | & . . . a” . L . P T . 7 . e s ? ; 7 . . . .
g |7V 2 e an ay I AK . ¥ |g  tectonic history and alteration . Cordieri is found al - g = Anthophyllite rock and cordierite rock samples are from the same outcrop. The reason why the
g . vy &Y VS 4 =8 systems of the mafic ordierite rock is found along an interprete _ , et
RSl ., &7 o & | I L Y , dox f Fig. 5A) and : £ a simil trace elements of these rocks behave differently is not fully understood. Cordierite rock may
A e f e, e ST Jmend | G & o, g0 [ metavolcanic rocks of the redox front (Fig. 5A) and consists of a similar inallv be depleted in Ba. Zr. Y. Yb and therefore diff : N hobhulli Cor
£ A N Clﬁ'r;r;;ng xenfnSfaL; - | Ly - S‘,ﬂaﬂf‘g / '. Hidden Bay Assemblage to """" assemblage to the anthophy”ite rock’ albeit With Orlglna y e ep e.l.:e In. a, r, ) an t. ererore I erent rom t e. ant Op y Ite FOCK Or It
3 . 7AW Y Ty vl K i Srovide valuable insights higher concentrations of feldspar and quartz and may shgre a protolith with the an’Fhophylllte rock and the concentration of these elements have
o S Hanﬂ; ” T el A /[* auiding prospective lower concentrations of anthophyllite (Fig. 5B). In been diluted as a result of an addition to the system. - Relict textures in the
s s sa ;,_ y fs’a’l’df_-_";n g = Island % Gt exploration efforts for base tchm S.ECtIOn, perthlte V\{aS observed in addition to : o quartz_psammite rock may be
N " EaglePoidgp 2 P 111 T o - metal mineralization ilmenite and chalcopyrite. Volcanic Rocks Modified (Pearce 1996) representative of primary beds,
%_ “ Collins Bay AR y fﬂ":: - %an — r _% ] . . . . ]
$a L A ColinsBayBgh i ton | /L i o - [® «The Wollaston supererou » Quartzite-psammite unit consists of 1 although, there are no
o | MeCleanLake, < B 77 Y 7% (e : pergroup orthoquartzite (Fig. 5D) that grades to psammite | i conclusive examples.
A o Pai comprises PaleoproterOZOIC 1. . - : - Rhyolite Phonolite
? % o (G - Isnd supracrustal rocks which have I:a)S mdmate(cjj by variable I?mosuEnts of sillimanite, ‘ = Petrographic observations in the
sl @ R e bogte . & : lotite, and muscovite (Fig. : | e T :
el = % A Ll R ¢ been §UbJ.eCt9d to upper ' | (. & ) | | | Evolved mELE i qugrtlzne psatmmlllt_e roql; and "
' amphibolite to granulite » Quartzite-psammite unit transitions to highly Ll rachyte nodular quartz sillimanite roc
O o o P metamorphic conditions, | _—1 ‘a e T ol e e altered orange to rusty-brown outcrops of or | Tephriphonolite are suggestive of varying
i il | ottt lyph def ' di | = R G o i ) === L 7 e - - - - | degrees of alteration due to the
sl . N e Soty |+« Wliston g polyphase deformation, and is | [ " "8 ssss e B e T R A ol e el nodular quartz sillimanite rock (Fig. 5E). This unit o = @ 5 .
e 4 S *  host to base metal and - e e S i — el |5 defined by nodular quartz sillimanite f: Andesite presence of sericite and quartz
el Y& uranium deposits and intergrowths in a recessively weathered, 3 RN = overgrowths. This coupled with
| pm e 2, / - _ occurrences (Fig. 2). fine-grained, feldspar E - Ahdelite nighly varled. geochemistry
s | ) 8 s B/ Il s 0% = Minor quantities of -sillimanite-biotite-muscovite matrix (Fig. 5F). N | Intermediate ends to the idea that the rocks
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o/ | |t 0} Lo minerals are present locally in = Petrography revealed an array of sulphide and oxide CaO vs. MgO La vs. Yb (ppm) °q Basalt
4 e el | */ 7Y | g : all rocks of the Hidden Bay mmergls shown. in Fig. 6. In Fig. 7 and Fig. 8 X-Y plots Y Basalt " Lead, zinc, iron, |r9n-n|ckel and
“ — e * 7 ..| AUS : € Assemblage. On Parker Island, of major and minor elements are displayed (W 0) ® | copper-iron sulphides were
270000 280000 590000 600000 610000 620000 . . Basic d d . ﬁ
Geology Symbols pyrite and chalcopyrite are Fie 7: X-Y plots of | Iscovered In marnc
Athabasca Supergroup (1840 to 1500 Ma) Wollaston Supergroup (2075 to 1860 Ma) Tabbernor Fault . g * p O SO . .
EanitougallslGlaup{ca. 1814 ME}I. PWr Psammitic meta-arkosic gneiss R gran_iunj Tﬂr:neh COm mon |n a” rOCkS. zglneccéﬁ?r?naégg g?f(lg”e mEtaVO|Can|C rOCkS and
AMb Conglomeratic quartz arenite n Pelitic, psammopelitic gneiss rovincial highwa oy e . .
PAMr Cuzlnmeraieti mudstone quartz arenite FPT:(: zallcrsil:;mmcir :narlsjle . Cummunityffefﬂerient Addlthna”y, Sphalerlte, UnItS are p|0tt€d 0.001 : alte ratlons rOCkS.
PAMw Clay-intraclast-rich quariz arenite uartzite, psammite Sask Mineral Deposit Index 1 1 : 1 . ]
WathamanTntrusiveSuitejwﬁﬁtomﬁm‘da] PZ::.. Empr:\izt:ulit:-quart;te EEDT;MEH pyrrhOhte and p,e,ntla,ndlte ?éo?gs\g:]tt};hve Sub-Alkaline Alkaline Ultra-Alkaline " IVIaSS balance CE\lCUlatIOnS Wl”
PTWQ_ Megacrystic granite, quartz monzonite Archean Hearne craton a Industrial Mineral have been Identlﬁed In the p ey e b f d H h | _ k
Proterozoic intrusion (1850 to 1750 Ma) AHag Leucogranite, granite, granite gneiss Other . Composn-lons Of e per Orme USIng W O e rOC
.PTHEI Granite, syenogranite AHfn  Felsic gneiss; tonalitic migmatite complex 4 Uranium alteratlon rOCkS' One known major minera|5 from ] R S [ S [ geOChem|Stry to understand
I 0.002 0.01 0.02 0.1 0.2 1 2 345 10 20 30 100 200 .
_ | | gold occurrence is also Deer etal. (2013) . | Nb/Y [Locked] element enrichment or
Fig. 2: Geological Map of southwest Wollaston Lake derived from present on the island. from all plots as the depletion in alteration samples

Maxeiner et al.’s (2021) 1:1 000 000-scale map of Saskatchewan

(from Johnstone et al. 5022) Fig. 10: Tectonic discrimination of volcanic rocks according to Pearce (1996)

species remains : |
with all samples plotted. Colours correspond to legend in Fig. 7.

unknown. The
intermediate phase

using isocon analysis.

between thg| O
extreme-en .
n|1.embers of ’ CaO vs. S102 O
clinopyroxene an
(Wi%) VI. Acknowledgements & References
plotted . Mafic 400 600 *
metavolcanic rocks Zr
plot between 45-50 , , : : . L
, , o % Si02 and 4-9 La/S Gd/Yb = | would like to thank the Saskatchewan Geological Survey (SGS) for this BSc thesis opportunity in addition to
= Dat llect tailed d b , Wt7o a/d>m Vvs. . ) o : . . . . o ) .
ala colieclion entalled aescribing Fig. 3: A 10 x wt% MgO, consistent (ppm) financial, logistical and analytical support - in particular Dillon Johnstone, with additional field support from Tyrin
rocks, constructing a grid displaying ﬁlmtgrggng with basalt - _ Foley and our 2023 junior field assistants.
- - : : sighatures. Garnetite . . . . . )
field rglahonshlps (Fig. 3) and thle c_ontahc;t pl%ts amongst the = Thank you to my supervisors Dr. David Good and Dr. Nigel Blamey for their guidance as well as the Society of
sampling. rbeegvt:l/ggrs; i maEc rr?etavolcanic Economic Geology Canada Foundation for additional funding in the form of an undergraduate research grant.
, , mafi rocks, however,
Petrographic analysis was performed : S aolcanic garnetite is depleted . _ , , ,
on 11 O“Sh@d thln SECﬁOﬂS p rock nodular in CaO. = Barnes, J., Bradham, P, & Lisle, R. J. (2011). Basic Geological Mapping (5th ed.). John Wiley & Sons Ltd.
p ‘ \ quar'tz Anthophyllite * Barnes, S. J., Williams, M., Smithies, R. H., Hanski, E., & Lowrey, J. R. (2021). Trace Element Contents of Mantle-Derived Magmas Through Time. Journal of
: : sillimanite contains less SiO Petrology, 62(6).
thhogeochemlsjcry Was employed on rock and with 49 wt% butZiS = Deer, W.A., Howie, R.A., & Zussman, J. (2013). An introduction to the rock forming minerals (3rd ed.) The Mineralogical Society, London.
14 SampleS. I\/Iajor and trace elements ga r.?eititet enriched in MgO = Grant, J. A. (2005). Isocon analysis: A brief review of the method and applications. Physics and Chemistry of the Earth, 30(17-18), p. 997-1004.
. . . units (Nno : 0 : = Harper, C.T., Rayner, N., and Card, C. (2006). Preliminary U-Pb ages for Archean basement and Proterozoic intrusion from the northern Wollaston Lake area
with 15 wt% plottin arper, CT, Rayner, N., a , C. (2006) y g :
were used to .EStabIISh relat.'lonshlps / gefo- q between At?\ Fz)and 5 : - Fig 8: X-Y p!ots for selected trace ele.ment Saskatchewan. Summary of Investigations 2006, Saskatchewan Geological Survey, Sask. Industry Resources, 2, 9p.
between mafic metavolcanic rocks Q \ x‘ E;e %rence ). Crd. Cordierite rock Key Minerals @ Anthophyllite rock concentrations of all rock units studied. Colours = Johnstone, D.D., Champagne, L.S. and Foley, T.M. (2022). Bedrock geology of the Hidden Bay area, Wollaston Domain, Hearne Province, Saskatchewan. Summary of
and alteration rocks. Y constructed however contains @ Maic Metavolcanic rock @ Garnetite O O e e e o sters Of mafic pencn, LA, (196). An exprt system for the tactonie ehamacharistion of anciogt voleares socks, Journal of voleanology and Geothermal Research, 32(1.3),p. 51.65
using Barnes’ more SiO, with 64 metavolcanic rocks are observed on both plots an = Peace, J.A. . An expert system for the tectonic characterization of ancient volcanic rocks. Journal of Volcanology and Geothermal Research, -3), p. 51-65.
. : | 2011 : . . i . . wt% and less MeO _ _ o ) ga rnetite is on trend with mafic metavolcanic rocks. = Maxeiner, R.O., Ashton, K.E., Bosman, S., Card, C., Kohlruss, D., Love, T., Love, M., Marsh, A., Morelli, R. and Slimmon, B. (2021). Geological Map of Saskatchewan -
The isocon method fr.0 m Grant (2005) Gametite B Vefic Metavolcanic - gngthgd for ggeg.v%?cllasgiecdrgglgt\ll\(/)i?ﬁ Lr;\;?gloethigeP(IDCIE A)‘) illvrlr?glrﬁ:ite (1lm) with 7 wt%, plotgti ng O Quartzite-Psammite rock @ Feldspar-Quartz-Sillimanite rock Mafic metavolcanic rocks and garnetite plot as a 1:1 000 000 Scale - 2021 Edition.
will be used to quantltatlvely evaluate Granitic Dvke Nodular Quartz Silimanite Rock , mabpDping an ; Py Pl ; ’ o o cluster on La/Sm-Gd/Yb diagram. Trace element = Wallis, R.H. (1971). The Geology of the Hidden Bay Area, Saskatchewan. Department of Mineral Resources Geological Sciences Branch Precambrian Geology
. . L] e [] ppINng e magnetite (Mag) and pentlandite (Pn) with exsolution =~ between Crd and @ Cord K ' Fractionation trend : of S
chemical gains and losses of mass X o [ croundc exposure in flames in pyrrhotite (Po). B) Magnetite, iimenite and Alb/Or. OIGIGEITE L0C concentrations of anthophyllite rock and cordierite Division, (137), 76p.
Sample Location roune LoVt detail. , Y : : 15 ’ : rock are vastly different and as a result they have be = Yeo, G.M. and Delaney, G. (2007). The Wollaston Supergroup, stratigraphy and metallogeny of a Paleoproterozoic Wilson cycle in the Trans-Hudson Orogen,
transfer through hydrothermal rite (Py) in mafic metavolcanic rock. C) Sphalerite (Sp) y y
8 y Py Y ) P P classified sepa rately despite close field relationships. Saskatchewan. EXTECH IV: Geology and Uranium Exploration Technology of the Proterozoic Athabasca Basin, Saskatchewan and Alberta, (ed.) C.W. Jefferson and G.

alteration. and Py in anthophyllite rock.

Delaney; Geological Survey of Canada, 4(588), p. 89-117.




