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ABSTRACT

Steeply dipping submarine tholeiitic basalt, 5 to 10 km
is 

thick., is folded in an anticline around, and^intruded by, tonalite

to trondhjemite of the Sabaskong Batholith. At the hinge of the 

fold the basalt is intruded by satellitic, subvolcanic tonalitic 

stocks and is overlain by dacitic to rhyolitic volcanic rocks
rccKS,

and attendant chemical and clastic sedimentary ̂ Near the hinge
-t-he- vtfleaoiC' rocks ore c

of the fold the tonalite-basalt contact is concordant andyvjow

Twenty kilometers west of the fold, the tonalite is 

gneissic, the basalt is gneissic amphibolite and their contact 

is intruded by amphibolite inclusion-rich diorite, quartz 

diorite and gabbro. Similar diorite and gabbro intrudes an 

enclave of metamorphosed mafic to ultramafic rocks at Caliper 

Lake.

Melting of the plagioclase component of basalt at PH Q " 

5 kb yields an aluminous, low temperature trondhjemitic 

melt and an amphibole-rich residuum which may become segregated 

in the liquid allowing amphibole to be transported by convection. 

Major and rare earth element data and compositions of amphibole 

in the diorite and tonalite support a model for the origin of 

the diorite (and gabbro) by accumulation of xenocrystic amphi 

bole in the tonalitic magma. The tonalite breached the basalt 

and dacite to rhyolite was emplaced, mainly passively, by doming, 

collapse and resurgence in a subaqueous to subaerial environment. 

During quiescent stages, pyritic chert and ferruginous limestone





were deposited from iron-rich fluids. No significant base metals 

accumulated because: 1) the magma that formed the Phinney-Dash 

Lakes Complex did not have enough heat to drive a large-scale 

convecting hydrothermal system 2) the fluids were from heating 

of the basalt or dewatering of the basalt pile as it cooled; 

3) the complex is peripheral to a major volcanic centre not 

exposed at the present crustal level.
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INTRODUCTION

The increasing interest in fluid-rock interaction in hydro 

thermal systems has led to a decline in the application of broad 

field and laboratory based petrological studies to the genesis 

of ore deposits. The Phinney-Dash Lakes Complex and allied 

intrusive rocks of the Sabaskong Batholith, essentially a 

section through an Archean bimodal basalt-dacite volcanic- 

plutonic system, provide an opportunity:!) to study the petro 

genesis of diorite, tonalite and dacite and consanguinity of 

plutonic and volcanic rocks by field relationship as well as 

by chemical comparison and modelling? 2) to study physical 

processes in a volcanic environment^and 3) to compare a volcanic 

system in which no ore has yet been found to those in more 

productive areas.

The Phinney-Dash Lakes Complex and the Sabaskong Batholith 

are between Kenora and Fort Frances in the vicinity of Nestor 

Falls, Kakagi and Pipestone Lakes in the Wabigoon Subprovince 

(figure 1). Mapping at a scale of 1:15,840 by G.R. Edwards 

(1976,1978) while under contract with the Ontario Geological 

Survey documented the Phinney-Dash Lakes Complex. Additional 

mapping and the bulk of the sampling was done in 1979 and 1980 

during the tenure of the present Ontario Geoscience Research 

grant number GR55.
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In the Kakagi-Pipestone Lakes area, 5 to 10 km of submarine 

tholeiitic basalt and gabbro, the Katimiagamak Formation., is 

folded in a broad, steeply plunging anticline about the intrusive 

Kishkutena tonalite of the Sabaskong Batholith. The Phinney-
arvd

Dash Lakes Complex of subvolcanic tonalite stocks ,^calc-alkaline 

dacite-to-rhyolite volcanic rocks flanks the Kishkutena tonalite' 

and intrudes and overlies the Katimiagamak Formation (figure 2). 

Pyritic and ferroan carbonate-rich chert and subjacent altered 

volcanic rocks semi-continuously flank the volcanic centre. 

The Kakagi Lake Group of mafic to intermediate, mainly 

pyroclastic rocks, overlies the Katimiagamak Lake Formation at 

Kakagi Lake and overlies the Phinney-Dash Lakes Complex at

Schistose Lake.
+ 1 g 

U-Pb zircon geochronology gives an age of 2724.4,* g Ma

for the intrusive Kishkutena tonalite, 2727.7-1.1 Ma for

porphyritic dacite in the Phinney-Dash Lakes Complex and
*2 5 2724.8 -2 *T Ma for a layered mafic sill intruding the Kakagi

Lake group. These ages are within the limits of precision of 

each other and strongly support the contemporaneity of mafic - 

to felsic plutonic and volcanic activity in this area (Davis 

and Edwards, in prep.)
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Sabaskong Batholith

The Sabaskong Batholith is at the west end of a series of 

diapiric batholiths forming an axis approximately 350 km long 

by 60 km average width in the Wabigoon Subprovince. These 

diapiric batholiths consist of: tonalitic to granodioritic 

gneiss and gneiss domes with lesser massive segregations; 

arcuate diorite to monzonite plutons occurring between the 

gneiss domes and the supracrustal rocks, and; later granitic 

plutons of various compositions (Schwerdtner et al. 1979).

Part of the Sabaskong Batholith, mainly east of Highway 

71 was mapped to identify the plutonic analogues and precursors 

of the Phinney-Dash Lakes Complex. Three main groups of rocks 

are recognized.

1) The Kishkutena hornblende-biotite tonalite to biotite 

trondhjemite is exposed over at least 110 square km between the 

main mass of the Sabaskong Batholith to the west and the Kati- 

miagamak Formation to the north and east (figure 2). To the 

east the tonalite is massive, with a generally concordant, 

low grade metamorphic contact against the Katimiagamak Formation 

At Highway 71, the tonalite is gneissose and has dips as low as 

35 0 to the east and south. The adjacent Katimiagamak Formation 

in this area is drag folded, boudinaged and lineated amphibole 

schist and gneiss. West of Highway 71 the tonalite merges with 

migmatitic rocks which received only cursory examination for 

this study.
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2) The Heronry diorite, a lenticular intrusion of massive 

to lineated biotite-hornblende diorite, quartz diorite, and 

hornblende gabbro with many inclusions and larger enclaves of 

amphibolite, and irregular dikes and patches of fine grained 

trondhjemite and pegmatite, intrudes the Katimiagamak Formation 

in the zone of amphibole schist and gneiss north of the Kish- 

kutena tonalite (figure 2). It is separated from the tonalite 

by a semicontinuous septum of amphibolite and agmatite. Amphi 

bolite inclusions in the diorite show varying degrees of digestion 

Most are massive and subangular but some are nebulous, hav.ncj beea 

almost completely incorporated by the melt. Large inclusions 

or septa are commonly accompanied by veins and dikes of leucocratic 

trondhjemite which are generally more mafic at the contact with 

the amphibolite because of the inclusion of amphibole. Some 

amphibolite also has pegmatitic trondhjemite, diorite or gabbroic

veins . The leucocratic veins are commonly rimmed with an 

amphibole selvage.

3) In the Kishkutena tonalite at Caliper Lake (figure 2) 

is an enclave of talcose peridotite, amphibolitized talcose 

peridotite and amphibolite intruded by melanocratic gabbro, 

gabbro, diorite and tonalite. Locally are agmatic dikes, 

pegmatitic hornblende gabbro dikes, veins of apatite and magne 

tite and veins of green to bluish-green serpentine. The contact 

of the enclave and adjacent Kishkutena tonalite is generally 

buffered by diorite or hybrid diorite-tonalite. Foliation in
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diorite and tonalite at the south margin indicates that the 

enclave dips approximately 40 0 to the south. An aeromagnetic 

anomaly is semi-continuous between the enclave and basalt at 

Kishkutena Lake.

Katimiagamak Formation

The Katimiagamak Formation (basalt, gabbro; figure 2) is 

a 5 to 6 km thick steeply dipping sequence of mainly submarine 

tholeiitic basalt flows and composite gabbro sills. The flows 

vary in texture from pillowed with rare breccia and hyaloclastic 

zones to massive and gabbroic. The gabbroic rocks vary in 

texture from ophitic to diabasic. Leucocratic gabbro and quartz 

bearing amphibole gabbro, both of which may contain abundant 

ilmenite or magnetite^are common. Sills in the Pipestone Lake 

area are commonly composite, with talcose or serpentinized dunite 

to peridotite and pyroxenite parts. Some sills grade into flows 

of compositions similar to those of the gabbros.

Phinney-Dash Lakes Complex

The Phinney-Dash Lakes Complex is porphyritic trondhjemite 

stocks which intrude the Katikiagamak Formation and merge with 

contemporaneous mainly felsic, pyroclastic and volcaniclastic 

rocks overlying the Katimiagamak Formation. The complex centres 

on the hinge line of the Nightjar anticline (figure 2).
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Subvolcanic Stocks

The Dash Lake Stock is a 2 km by 4 km oval-shaped, massive 

porphyritic tonalite intrusion in the southwest arm of Dash 

Lake. The rock typically is 35 to 45 percent plagioclase 

(An 30) phenocrysts, 10 to 20 percent quartz phenocrysts and 

up to 5 percent chlorite metacrysts preserving amphibole outlines 

in a fine grained groundmass. The Hornberg Lake stock is a 

3 km long, .6 wide concordant, lenticular intrusion, east of 

the Phinney Lake Stock. It is similar to the Dash Lake stock 

but has fewer chlorite metacrysts and is pervasively well foliated 

in a north-northeasterly direction. Neither the Dash Lake stock 

nor the Hornberg Lake stock are convergent with contemporaneous 

extrusive rocks.

At Phinney Lake (figures 3, 4) the 5 km by 2 km Phinney Lake 

porphyritic trondhjemite stock intrudes the upper part of the 

Katimiagamak Formation. The stock merges with contemporaneous 

felsic extrusive rocks south of the southeast end of Schistose 

Lake and is mainly schistose. Mafic phenocrysts, comprismgup 

to 10 percent of the rock, are generally replaced by sericite 

or chlorite and a ferroan carbonate, and commonly are partly 

rimmed with a fine iron oxide. Plagioclase phenocrysts are more 

or less sericitized and quartz phenocrysts are scarce. Chlori 

toid porphyroblasts up to 2 mm long comprise up to 20 percent 

of a carbonate-sericite schist zone at the south margin of the 

stock at Phinney Lake.
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The east part of Dash Lake (figure 3) is underlain by 

porphyritic trondhjemite, the East Dash Lake Stock which is 

similar to the Dash Lake stock but generally finer grained. 

This stock, which is commonly flow banded at its margin in 

shoreline exposure on Dash Lake, intrudes contemporaneous and 

contextural volcanic rocks north and east of Dash Lake.

Extrusive Rocks

Extrusive volcanic rocks of the Phinney-Dash Lakes Complex 

cap the subvolcanic stocks between Dash Lake and Schistose Lake 

and symmetrically flank an emergent lobe of the Phinney Lake 

Stock at the southeast end of Schistose Lake.

The northwest trending north flank (figure 5) extends along 

Schistose Lake. At the west and central part of the lake, over 

lying the Katimiagamak basalt formation^is altered felsic tuff
 i-Hlck, 

of variable thickness, generally less than 150 m^pverlain by

altered basalt, overlain by fragmented dark grey pyritic chert 

and ferroan carbonate up to 100 m thick. Chloritoid and ferroan 

carbonate occur in the tuff, in the matrix of the chert unit 

and in some of the underlying Katimiagamak basalt formation. 

The altered basalt in this zone has well preserved diabasic 

texture in which the plagioclase has been totally replaced by 

pyrophyllite pseudomorphs. Ferroan carbonate, chlorite, pyro 

phyllite, quartz and large skeletal leucoxene crystals are inter 

stitial to the pseudomorphs. In some rocks, chloritoid prisms
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have grown in the pyrophyllite. Where the pyrophyllite occurs as 

pseudomorphs,the chloritoid is bounded by the margins of the. 

pseudomorph. South of the east central part of Schistose Lake 

is a 1400 m thick lens of mixed pyroclastic debris and open 

framework volcanic conglomerate containing quartz and plagio 

clase phyric clasts, dark grey chert clasts and pyrite clasts 

of variable size. Immediately adjacent to the massive emergent 

lobe at the southeast end of Schistose Lake are homolithic fel 

sic lapilli tuff and tuff breccia up to 300 m thick. Over 

lying the north flank of the Phinney-Dash Lake complex is arkosic 

wacke, which has sparse fine chert and carbonaceous fragments. 

The arkosic wacke generally is finer north of Schistose Lake. 

At Pipestone Lake much of the sedimentary rock.although inter 

bedded with some pyroclastic rocks, has turbidite features.

The south flank (figure 2, 3) which extends from the 

emergent lobe of the Phinney Lake stock, at the southeast end 

of Schistose Lake south to Pipestone Lake east of Dash Lake^is 

a layered assortment of felsic homolithic lapilli tuff and 

breccia, massive and banded tuff, debris flows, rhyolite flow, 

flow breccia and fragmented pyritic chert and ferroan carbonate. 

With minor exceptions pyroclastic rocks adjacent to the massive 

subvolcanic stocks low in the sequence, for instance at Lakes E 

and F, Lake C east of Dash Lake, are generally homolithic, 

coarse fragmental rocks. Above these, especially at Lake "D"
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there are grey pyritic chert and ferroan carbonate units up to 

100 m thick. South of Lake "D" a 150 m thick lens of grey to 

yellow rhyolite flow and flow breccia overlying a pyritic chert 

unit is replaced partly at its base by brown weathering ferroan 

carbonate. Above the rhyolite flow, between Lake "D" and the 

bay of Pipestone Lake, east of Dash Lake, there is a 450 m thick 

lens of mainly hetero - to homolithic chert fragment-bearing 

volcanic debris, intercalated with small lenses of homolithic 

felsic pryoclastics. Above this at Lake B there is 150 m of 

massive, white weathering tuff and tuff breccia. Above the 

Phinney-Dash Lakes complex -at its eastern contact there are 

green, massive to ophitic ferroan tholeiitic basalt flows.

Major element analysis of 158 samples was done by X-ray 

Assay Laboratories Ltd. using a fused disc - XRF technique. 

At the University of Western Ontario, 62 of these samples were 

analyzed for trace elements using a compressed powder pellet - 

XRF technique and 92 samples were analyzed for rare earth 

elements using a slightly modified version (Fryer, 1977) of 

the thin film XRF procedure of Eby (1972), (Table 1,2,3,4,5).

Amphibole in the Kishkutena tonalite and Heronry diorite 

was analyzed using the Materials Analysis Company electron 

microscope at the University of Western Ontario. Average
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results are tabulated in table 6. Amphibole classification is 

that of Leake (1978) .

Sabaskong Batholith Phases and the Phinney-Dash Lakes Complex

The Harker variation diagrams of figure 6 have smooth major 

element trends between Kishkutena tonalite and Heronry diorite 

with a small gap between 64 and 66 percent silica. This trend 

includes samples E7 (diorite) and E6 (hornblende gabbro) phases 

from the Caliper Lake enclave and can be qualitatively explained 

by orthocumulation of hornblende. Samples G5 and E9 are gabbroic 

hornblende clinopyroxenite and are either restite or cumulate. 

They are anomalously low in alumina reflecting their mineralogy. 

Samples E11B, E14, G6 and G9 are from late mafic to ultramafic 

dikes which intrude rocks of the enclave and the immediately 

adjacent tonalite. Sample G151 is from a gabbroid rock in an 

in situ partially melted zone in an amphibolite enclave in the 

Heronry diorite east of Nestor Falls. On the variation diagrams 

(figure 6) it generally plots between sample E6 of the diorite- 

tonalite trend and the restite samples E9 and G5.

The various phases of the Sabaskong Batholith, in (figure 7) 

show a calc-alkaline trend similar to the Phinney-Dash Lakes 

Complex (figure 8). Rocks in field "QM" are dikes in inclusion- 

rich zones in diorite, and dikes in the large enclave at Caliper 

Lake. They also include samples from the large pluton of un-
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certain dimensions in contact with and south of the Kishkutena 

trondhjemite. Field "T" is the Kishkutena trondhjemite. Field 

"D" includes most of the Heronry diorite (figure 2) and "TD" 

encloses two samples of iron-rich diorite intruding the enclave 

"GP" at Caliper Lake.

Rocks of the Phinney-Dash Lakes Complex ("P" in figure 8) 

have generally less Mg than pyroclastic rocks above the Katimia- 

gamak basalts at Kakagi Lake ("K" in figure 9), are more 

extremely fractionated and have a sub-trend toward iron enrich 

ment (field F, figure 8). Mg depletion.and Fe enrichment may 

be a function of alteration as many of the rocks of the Phinney- 

Dash Lake Complex have varying amounts of porphyroblastic iron- 

bearing carbonates or chlorite which could have displaced 

magnesium. Point "C" in figure 8 is the plot of an altered 

felsic pyroclastic debris rock from the west part of Schistose 

Lake. This sample (E88) has been almost completely replaced by 

ferroan carbonate, calcite or dolomite, sericite, chloritoid 

and quartz but has relict porphyritic texture. Thus point "C" 

in figure 8 is an extreme case of the iron enrichment trend 

in field "F".

The chondrite normalized rare earth element trends of samples

from the Kishkutena tonalite, Heronry diorite and volcanic and
c-ompiex 

subvolcanic rocks of the Phinney-Dash Lakesy\(figure 10) are

essentially parallel but generally vary in total rare earth 

abundance according to the silica content of the rock. Arth
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et al. (1979) attributed similar trends in the gabbro-diorite- 

tonalite-trondhjemite suite of southwest Finland to hornblende 

fractionation or partial melting of basalt leaving a hornblende- 

rich residue. The rare earth element variations in rocks of 

the present study can be interpreted similarly but with some 

modification as discussed later.

The rhyolites (figure 11) have decreasing light rare earth 

element abundance, increasing negative Eu anomaly and decreasing 

Ce/Yb ratio with increasing silica content. Hildreth (1979) 

suggests that a similar observation in silica-rich members of 

the Bishop Tuff in California may be controlled by thermo- 

gravitational diffusion. Fractionation of feldspar could also 

deplete the melt in LREE and Eu relative to HREE because the 

feldspar/melt distribution coefficient is greater for Ce than 

Yb. For the fractionation of feldspar to change Ce/Yb sub 

stantially^ however, requires substantial increase in the distri 

bution coefficient of LREE/liquid and Eu/liquid for feldspars 

in very siliceous magmas.

Katimiagamak Formation

Field "B" in figure 9 has a broad tholeiitic trend for the 

Katimiagamak basalts. The Kakagi Lake Formation of calc- 

alkaline pyroclastic rocks (field "K") overlying the Katimiagamak 

Formation (field "K") has a trend at right angles to the basalt. 

The "K" and "B" fields overlap near the calc-alkaline-tholeiitic
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boundary indicating that the two suites may have originated by 

divergent fractionation of the same parent.

PETROGENESIS

The genesis of calc-alkalic magmas has been a subject of much 

controversy. Bowen (1928) proposed that calc-alkalic magmas 

were derived by simple fractional crystallization of basaltic 

magma. The precipitation of minerals such as olivine and pyro 

xene^ however , would require a large volume of basalt to yield 

a mo.derate volume of calc-alkalic magma. Osborne (1959, 1962) 

suggested that calc-alkalic magma may form from a fractionating 

basaltic magma kept at constant oxygen partial pressure. This 

allows magnetite to crystallize as an early liquidus phase 

depleting the liquid in iron and vanadium while enriching it 

in silica. These conditions were obtained during the crystal 

lization of the cumulate olivine-free Middle Zone of the 

Skaergaard intrusion because of a change in the oxygen-silica 

activity ratio (Morse et al., 1980). The apparent residual 

liquid trend however did not follow a calc-alkalic line but 

proceeded to further iron enrichment.

Green and Ringwood (1968) experimentally melted synthetic 

basalt at moderate pressures. The concluded that basalt, 

partially melted under crustal conditions,would yield calc- 

alkalic liquids. This conclusion was supported by Helz (1973,
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1976) who observed that basalt, partially melted at PH Q* 5 kb,
M

yielded aluminous trondhjemite-like liquid.

The genesis of Archean bimodal trondhjemite-basalt suites 

by the parial melting of basalt was modelled by Barker and 

Arth (1976) and in a companion paper, Arth and Barker (1976) 

discussed the role of rare earth element partitioning between 

hornblende and dacitic liquid during trondhjemite-tonalite 

genesis.

The experimental work of Helz (1973, 1976) has shown that 

the feldspar component of unaltered basalt starts to melt at

PH Q* 5 kb and 690 0 C. Hornblende,however7 does not start to
i* 

melt substantially until most of the plagioclase is melted,at

950 to 1000 0 C. If the plagioclase-rich liquid is removed as 

fast as it is formed, aluminous trondhjemite melts would ac 

cumulate and intrude overlying rock leaving an amphibole-rich 

residue. In dynamic systems, amphibole will be carried up by 

convection. In this manner, partial melting of K-poor basalt 

could result in stratified plutons grading from restite to 

gabbro, diorite, tonalite and trondhjemite without attaining the 

temperature necessary to melt hornblende.

Evidence for this is in the amphiboles of the Heronry 

diorite and Kishkutena tonalite. The amphibole compositions 

for both rocks are essentially identical in those samples studied 

(table 6, figure 12) and suggests a common source for the
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amphiboles but not crystallization from dioritic or tonalitic 

magmas respectively.

In one of their models, Arth et al. (1978) invoke horn 

blende as a major fractionating or residual phase in the genesis 

of the gabbro-diorite-tonalite-trondhjemite suite of southwest 

Finland. The rare earth element trends in their rocks have a 

variation consistent with the changing mineral/melt distribution 

coefficient for rare earth elements in hornblendes in equilibrium 

with melts from basaltic to rhyolite composition (Higuchi and 

Nagasawa, 1969; Nagasawa and Schnetzler, 1971; and Arth and 

Barker, 1976); the whole rock abundances has a maximum in 

rocks with 59.5 percent Si0 2 . In tonalite-to-gabbro (table 2) 

samples of the present study, whole rock rare earth element 

abundances increase with increasing modal amphibole suggesting 

that amphibole in the Heronry diorite (-gabbro) is xenocrystic, 

orthocumulative and not in equilibrium with melts of basalt or 

andesite composition.

CONCLUSIONS

Field and chemical evidence /\ that the base of the Kati- 

miagamak Formation was partially melted, yielding trondhjemite 

liquid, containing xenocrystic amphibole, which formed ortho- 

cumulitic gabbro, diorite and tonalite. The basalt melted at 

low temperature and pressure uncfcr relatively hydrous conditions
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and yielded a trondhjemite liquid which incorporated some amphi 

bole mechanically. This melt rose through the basalt and was 

emplaced as the Kishkutena tonalite. The hornblende rich residue 

from this melting either sank as massive chunks of hornblendite 

or was transported as individual grains or clots by the magma cc^d 

accumulated, with a myriad of basalt inclusions in various 

stages of digestion, to form the Heronry diorite (gabbro). 

An idealized section descending through the melt system has

tonalite-trondhjemite at the top, orthocumulitic amphibole
b ei ow, 

diorite-gabbro with abundant basalt inclusionsy\and at deeper

levelSjif the system is large enough, clinopyroxene-amphibole 

diorite grading downward into a zone of clinopyroxene cumulate 

or restite. The entire system is cored by migmatitic and gneissic 

domes of remobilized pre-basalt basement, represented in this 

study by the migmatites west of the Kishkutena tonalite at 

Sabaskong Bay, Lake of the Woods. The east-dipping gneissosity 

in the Kishkutena tonalite in the contact zone witKthe migmatite 

is evidence of doming of the migmatite.

The enclave at Caliper Lake is interpreted as a metamorphosed 

and partially melted feeder for the Katiagamak basalt because 

1) the aeromagnetic anomaly associated with it is semicontiuous 

with basaltic rocks south of Kishkutena Lake;2) basalt east of 

Kishkutena Lake is intruded by composite, contemporaneous sills 

of gabbro with talcose peridotite similar to that observed 

in the enclave;3) diorite and hornblende gabbro (E7 and E6 of
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figure 6) with major and trace element abundances similar 

to the Heronry diorite are in er adjacent to the enclave 

and probably formed during partial melting of the enclave^cmd 

4) Late gabbro to peridotite dikes intrude the enclave and 

immediately adjacent tonalitic rocks indicating that basalt 

magmatism continued during the emplacement of the Kishkutena 

tonalite.

Basalt magmatism from the mantle initiates and perpetuates 

heating of the lower crust and subsequent melting of the overlying 

basalt formations. Evidence also supporting the contemporaneity 

of felsic and mafic magmatic activity in this area is 1) basalt 

flows overlie the Phinney-Dash Lakes Complex east of Dash Lake, 

and 2) U-Pb zircon geochronology of a layered mafic sill in

the Kakagi Lake Gjroup which overlies the Katimiagamak Formation
*2 5 and the Phinney-Dash Lakes Complex yields an. age of Z724 .8^*3 Ma

+1 9 which is essentially identical to the 2724.4 ,*g Ma age of the

Kishkutena tonalite (Davis and Edwards, in prep.).

The magmas forming the Phinney-Dash Lakes Complex and the 

Kishkutena tonalite are interpreted to be from the same source 

because of their similar rare earth element trends, overall 

major element abundances, and U-Pb zircon ages.

The Phinney-Dash Lakes Complex is interpreted to have been 

emplaced passively as a series of felsic domes. The volcanism 

probably varied from subaqueous to subaerial during doming and 

collapse. The 1400 m thick pyroclastic debris and conglomerate
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deposit, south of the east central part of Schistose Lake is a 

fault bounded collapse structure. A subaqueous origin for some 

of the Complex is suggested by the abundance of chert and pyrite 

fragments in the debris deposits. Basalt within the Phinney-Dash 

Lakes Complex at Schistose Lake-however, is massive and commonly 

has a diabasic texture and may have been emplaced in a subaerial 

environment. In the altered zone underlying the chert along 

the south shore of Schistose Lake, diabasic basalt has pyrophyl 

lite pseudomorphs after plagioclase. The interpretation of this 

texture is that the basalt was weathered subaerially converting 

plagioclase to kaolin which was pyrophyllitized during subsequent 

hydrothermal activity. Plagioclase in the felsic tuff in this 

zone is completely obliterated.

During the waning stage of volcanism and following subsidence, 

chert and pyrite were deposited on top of the subaerially 

altered basalt and tuff by exhalation from the basalt below. 

The exhalation was from the dewatering of the basalt as it 

cooled or dewatering because of the emplacemnt of the Phinney- 

Dash Lakes Complex. The fluids were iron, calcium and carbonate- 

rich and reacted with the kaolin to form pyrophyllite, chloritoid 

and quartz. The quartz stayed in solution and was deposited as 

chert, above the altered rocks, at the seafloor. The hydrothermal 

fluid became more Fe rich as it evolved.resulting in the partial 

replacement by siderite of much of the rocks and minerals in the
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altered zone, including the chert, and perhaps the deposition of 

siderite-rich chemical sediment. The paucity of siderite in the 

overlying volcanic-derived arkosic wacke at Schistose Lake may 

be evidence for the short duration of the hydrothermal system. 

The Phinney-Dash Lakes Complex has four factors needed to 

sustain a hydrothermal flux leading to the deposition of 

base metals: 1) a centralized heat source, for example the 

Phinney Lake stock; 2) permeable host rocks, such as the 

pyroclastic rocks of the complex and the pillowed basalts in 

the Katimiagamak Formation; 3) a source of fluid   The Complex 

was deposited at or near sealevelj 4) focused fluid flow. Doming 

and collapse at various stages in the history of the Complex is 

indicated by the abundance of debris deposits. For example, 

faults bounding the collapse structure^at the southest part 

of Schistose Lake, provided conduits for focused fluid discharge.
9

The lack of significant base metal deposition in the silica 

and iron-dominated chemical sedimentary units of the Phinney-Dash 

Lakes Complex is accounted for as follows: 1) The Heronry 

diorite, Kishkutena tonalite and the Phinney-Dash Lakes Complex 

originated by relatively low temperature partial melting of 

basalt and therefore may not have had enough heat to initiate 

and maintain a hydrothermal flux in the adjacent host rock^ 

2) Hydrothermal fluids, in the Phinney-Dash Lakes area^were 

from heating of the basalt or dew.atering of the warm basalt



- 20 -

pile as it cooled rather than from pervasive fluid circulation. 

However, groundwater may have circulated locally adjacent to the 

Phinney-Dash Lakes Complex. 3) The Phinney-Dash Lakes Complex 

is peripheral to the major paleovolcanic centre. The near vertical 

dip of the lithologies suggests considerable 

botholith diapirism after the emplacement of the presently 

exposed section of the Phinney-Dash Lakes Complex.
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0.04 

11.1
0.43
0.04
0.00
0.37
2.**
4.47 
0.01 
0.23

El 29

59.4
0.7* 

13.S
t.2*
0.10
2.12
4.71
3.6* 
0.50 
0.11 
4.92

E71

4X2 

0.22 
9.53

10.9
0.9*
2.**
4.59
1.27 
1.39 
0.0* 

14.54

ESO

S7.0 
3.44 

14.1
1*.*
0.3*
2.5*
0.01
0.0* 
0.10 
0.39 
3.31

TOTALS 90.3 101.0 90.5 99.9 101.2 99.9 9*.* 99.7 ' 90.9 101.4 90.4 90.9 99.5 100.7 99.1 99.4 100.2

* tout Iron u FoO

Table 2. Soloctof traco ol ctaristry of tfet Milmwy-OMJi Uko* ta*lo* Mrt alllo* racks.

PP*

Ba
Co 
O 
m 
Mb 
Sr 
T 
Zr 
la 
Co
PT
M 
S* 
En
M 

E?

Ellb EH

100 8*0 
36 27 

1100 30 
ISO 0 

0 SO 
170 1150 

10 20 
0 250 

24.5 54. 
82.2 140.
12.9 17. 
71.1 75. 
15.6 12. 
4.4 3.

7.5 5.!

i E42 1

250 44
3* X 

W 44 
4 2 

40 
330 
10 
90 
15.2 
34.9
3.2 

13.3 
2.3 - 
0.7

l 1.3

ik* E*7

1 100 
t 35 
I 60 
l 24 

10 
60 
40 

130 
13.9 
36.9

2C.4 
7.2 
2.2

6.1

E10* EC*

100 250 
20 20 
60 *iO 
41 6 
40 10 

230 400 
30 clO 

100 100 
22.2 10.5 
57.9 43.9

39.4 19.9 
11.4 3.4 
4.1 1.0

13.7 2.2

ETC

250 
2*

6 
30 

100 
10 

ISO 
23.5 
SI .4

19.9 
3.3 
0.9

1.7

E40

100 
2S

C
20 

220 
10 

140 
20.* 
47.1

19.5 
3.5
1.1

2.*
1.4

E5* E103

300 300
2* 22

3 4 
20 *' 160 

430 340
00 20 
120 130 
19.0 19.4 
41.4 41.7

10.5 17.5 
2.7 3.2 
0.9 1.0

1.7 2.1 
0.0 0.9

EI 3*

ISO 
IS

6 
•10 
200 
(10 
110 
22 S 
S2 6

21 7 
3 C 
1 3

2 4
1 2

EI 3*

ISO 
20

7 
20 

200 
20 

110 
17.0 
44.2

19.7 
3.5 
1.1 '

2.1 
1.0

E73 E129

4*0 ISO 
60 20

c20 20 
ci 1* 

180 10 
80 100 
20 10 
SO 80 

C 19.1 
1* 43.5

1*.* 
4.*
2.1

3.9 
3.*

E71 ESO

200 *SO 
S 2*

ci 1 
20 10 

210 20 
10 SO 
40 210 
13 4 17. 
27 6 4*.

124 35. 
23 9. 
09 3.

1 9 14. 
1 0 6.
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Table 3: Description of rocks presented in tables 1 and 2.

Ell b Metaperidotite, highway 71 at Caliper Lake.

E26 Inclusion-ri eh, medium grained diorite, highway 71 at Heronry 
Lake north of Nestor Falls.

E42 Hornblende-biotite trondhjemite, Carver Lake.

kk6 Amygdaloidal, fine grained basalt, Katimiagamak Lake. Less 
altered than E67.

E67 Carbonatized fine grained basalt, Dash Lake.

El04 Coarse ophitic basalt overlying the Phinney-Dash Lakes Complex 
east of Lake "F".

E65 Porphyritic trondhjemite, Dash Lake stock, Dash Lake.

E76 Porphyritic trondhjemite, the Phinney Lake stock, southeast 
of Phinney Lake.

E48 Porphyritic trondhjemite, the East Dash Lake stock, Dash Lake.

E56 Homolithic to massive felsic pyroclastic rock, between Dash and 
Pipestone Lakes.

E103 Possible welded felsic lapilli-tuff, Lake "F".

E136 Homolithic felsic tuff breccia, Lake "C".

E138 Homolithic felsic lapilli tuff, west of Lake "C".

E73 Flow banded and brecciated rhyolite flow, southeast of Lake MDM ,

E129 Heterolithic volcanic debris with chloritic matrix, east of 
Dash Lake.

E71 Homolithic felsic lapilli tuff or breccia with ferroan carbon 
ate matrix, southeast of Lake "D".

E50 Altered mafic flow? with 15 percent chloritoid, 10 percent
pyrite, 10 percent leucoxene, at the contact between the East 
Dash Lake stock and basalts, north shore of Dash Lake.



Table 4: Average major element compositions of 52 samples from
the Phinney-Dash Lakes Complex (P), 24 samples from the 
Kishkutena tonalite (K), and 5 samples from the Heronry 
diorite (H). Column 2 is anhydrous, recast to 100 in 
each case. Grant 55.

H

SiO2 

A1203

Ti02 
FeO*

MnO

MgO

CaO

Na20 

K2O 

P 2O5

L.O.I.

68.94 

14.55

0.34 

2.83

0.09

0.72

2.78

3.81 

1.69 

0.10

3.33

71.92 

15.18

0.35 

2.95

0.09

0.75

2.90

3.97 

.1.76 

0.10

69.25 70.5

15.55 15.83

0.31 0.32

2.49 2.54

0.05 0.05

0.86 0.88

3.17 3.23

5.09 5.18

1.36 1.38

0.09 0.09

0.57

58.68 60.08

16.86 17.26

0.66 0.68

5.41 5.54

0.10 0.10

3.29 3.37

5.77 5.91

5.00 5.12

1.62 1.66

-0.28 0.29 

0.51

TOTAL 9.9.18 100 98.79 100 98.18 100



Table 5: Average rare earth element abundances,in ppm.of 32 
samples from the Phinney-Dash Lakes Complex (P), 10 
samples from the Kishkutena tonalite (T) , 2 samples 
from the Heronry diorite (H) , a*nd l sample of horn 
blende gabbro from the enclave at Caliper Lake (E6) 
Grant 55.

La

Ce

Pr

Nd

Sm

Eu

Gd

Dy

Er

Yb

P

14.2

30.5

3.7

12.9

2.6

0.8

2.2

1.5

0.7

0.8

T

11.2

24.8

2.9

10.2

2.1

0.7

1.7

1.2

0.6

0.6

H

37.8

92.1

12.7

49.2

9.2

2.7

6.6

3.9

1.5

1.7

E6

56.4

154.4

22.7

95.5

19.0

5.4

14.5

6.7

2.7

2.2



-4-3-

Table 6: Average amphibole compositions of 21
samples from the Kishkutena tonalite (K) 
and 4 samples from the Heronry diorite (H), 
Grant 55.

H
Oxide

Si02 

TiO2

Cr203 
FeO*

MnO

MgO

CaO

Na20

Sum 

Cations

Si

Al IV

Al VI

Ti

Fe

Mg

Mn

Gr

Na

Ga

K

%

44.45 

1.06 

8.92

0.10 

18.48

0.47

10.64

11.64

1.30 

0.90

97.96

6.708

1.292

0.295

0.120

2.333

2.392

0.060

0.012

0.379

1.883

0.174

Oxide

Si02 

Ti02

FeO*

MnO

MgO

CaO

Na2O

Sum 

Cations

Si

Al IV

Al VI

. Ti

Fe

Mg

Mn

Gr
Na

Ca

K

%

44.94 

0.95 

9.40

0.03 

17.91

0.31

11.18

11.44

1.55 

1.03

98.73

6.700

1.300

0.351

0.106

2.233

2.485

0.039

0.003

0.447

1.828

0.196




