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Abstract — The Detour Lake gold deposit is located within the northwestern limit of the Archean Abitibi 
Subprovince of the Superior Province. Mineralized zones are hosted by a sequence of pillowed and mas-

of high-strain zones that are co-planar to the regional-scale Sunday Lake Deformation Zone. Early in its 

-

size may be attributed to large-scale rheological controls resulting in the formation of dilatant sites in permis-
sive rock units. © 2012 Canadian Institute of Mining, Metallurgy and Petroleum. All rights reserved.
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Introduction

The Detour Lake property is located in northeastern On-

deposit is situated close to the northeastern limit of the Ar-
-

and dike contacts. Many of the vein systems at Detour Lake 
-

are located within a few tens to hundreds of meters of a 
-

tion Zone. All supracrustal units are mineralized at Detour 

-

-

and development drill program has increased the currently 
-

-
-
-

and generalized structural relationships of the deposit. In 

-

-

southern Abitibi Subprovince.

principal characteristics of gold mineralization at Detour 

the structural style of gold-mineralized zones. Many of the 
observations and conclusions are based on the senior au-

-

stratigraphic framework for the Detour Lake gold deposit 

Category Tonnes 
(millions)

Grade
(g/t Au)

Contained 
Au (000s oz)

Measured
Indicated

Inferred 

Notes:
 Mineral reserves are included within the mineral resources reported.

Table 1.

we outline similarities and differences between the Detour 
Lake gold deposit and other Archean deposits in the Abitibi 
Subprovince and elsewhere.

Regional Geology

The Abitibi Subprovince has long been central to the 
understanding of greenstone belt-hosted mineral deposits 

-

-

deposits such as the Hollinger-McIntyre and Dome mines 

the Abitibi Subprovince an important area for models of 

-
-

-

the volcanic and sedimentary strata dip vertically and are 

-
cating that the Abitibi Subprovince developed autochthon-

volcanic-dominated episodes that include the Pacaud as-
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unconformably overlain by turbidites and calc-alkaline 

overlain by coarse clastic and alkaline volcanic rocks of 

A considerable amount of structural analysis and geo-

has helped to elucidate the timing relationships between 
emplacement of felsic intrusions and deformation events 

-
-

pressive stresses that induced early folding and faulting 
related to the onset of collision between the Abitibi and 
older subprovinces to the north. These intrusions occur in 
both the plutonic belts and the intervening greenstone belts 

-

 constrained by the 
-

the Porcupine assemblage. D  folds are commonly refolded 

determine the original orientation of D  structures.
-

blage is interpreted to be a low-angle unconformity that 
cuts progressively downward into Tisdale strata eastward 

 

D  thrust faults with hanging-wall folds is located north of 

 phase of deformation is post-Porcupine as-
-

blage is folded and faulted by D
-

aming unconformity truncates the D  folds and thrust faults 

-

Zone. The opening of the Timiskaming basin in a dilata-
-

tic event and was followed by foliation and folding in the 

Geology of the Detour Lake Area

shaded aeromagnetic map of the Detour Lake area. It 

the Sunday Lake Deformation Zone. Similar truncations of 

-

-

-
terized by abundant iron-rich tholeiitic basalts with minor 
intercalated chemical sedimentary rocks and felsic tuffs 

-

-

-

than older gneissic suites of the Opatica Subprovince or 

the geology and structural relationships of the Detour Lake 
 The 

volcanic rocks symmetrically distributed in the northern 
-

contacts differ in style. The southern contact is irregular and 
is characterized by volcanic rocks with a very high mag-
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-
tact is considered to be a low-angle unconformity similar 
to the one found at the base of the Porcupine assemblage in 

coincident with the position of the Sunday Lake Deforma-

Detour Lake Formation. 

Geology of the Detour Lake Deposit

The detailed geological map of the Detour Lake gold 

km. Supracrustal rocks are divided into two principal units: 

comprises an upper part characterized by a thick sequence 
of tholeiitic basaltic rocks and a lower part dominated by 

Lower Detour Lake Formation (>2725 Ma)
The lower Detour Lake Formation includes the follow-

ing units.

trama c F ow , i , and Dike  Much of the lower 
Detour Lake Formation comprises a thick sequence of 

sills. These bodies generally have conformable contact re-
lations with the overlying rock units.

Ma c F ow , i , and Dike
-
-
 

-

-
ary rocks.

Ma c F ow ontact nit

is present on both the footwall and hanging-wall sides of 

ert Marker ori on -

is ingrained in the literature and mine terminology of the 
-

terpreted as either a mylonitized intrusion or a chert hori-

-

-

-
tered and deformed parts of the unit show relict clastic 

-

Geochronology

-
tour Lake Formation.

Fe ic o canic a tic
been intersected only in drill core and are of uncertain 

lithic clasts. They are present near the southern contact 

-
tive. Felsic volcaniclastic rocks have also been cored deep 

-
tact between the upper and lower parts of the Detour Lake 

gold mineralization.

Upper Detour Lake Formation (<2725 Ma)

mapped in hundreds of diamond drill holes collared in 
the vicinity of the gold deposits and include the following 
units.

Ma c u -

-

-

in this unit.

Ma c F ow
in the hanging wall of the Detour Lake gold deposit: that 

-
ward their base.

Ma c ya oc a tite

where they commonly host gold mineralization. The rock 
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-

i owed F ow  Pillow lavas are common throughout the 
-

low cusps and margins are preferentially altered by second-

aopatina em a e (ca  2700 Ma)
-

well-laminated volcaniclastic rocks commonly feature 
-

arated by centimeter-scale biotite-actinolite-hornblende-

scattered garnet grains are common. Pyrite and pyrrhotite 

Figure 2. 

Pit outline

"Paper from Exploration and Mining Geology, Volume 20. Reproduced with permission from the Canadian Institute of 
Mining, Metallurgy and Petroleum."



J. OLIVER ET AL.     

Fi
gu

re
 3

ar
e 

re
fe

re
nc

ed
 to

 th
e 

lo
ca

l m
in

e 
gr

id
.

"Paper from Exploration and Mining Geology, Volume 20. Reproduced with permission from the Canadian Institute of 
Mining, Metallurgy and Petroleum."



ntru ive Rock
a ro to Diorite

contain an abundance of porphyritic plagioclase clots that 

magnetic and were historically interpreted as porphyritic 

are younger than volcanic rocks of the Detour Lake Forma-
Geochronology

to be related to magmatism that produced volcanic rocks 

Fe ic to ntermediate Dike

they intrude rocks of the Detour Lake Formation and the 
-

-

purple-maroon coloration due to the development of strong 
secondary biotite. 

ona ite to ranodiorite ntru ion  A large tonalitic to 

. It 
º and cuts rocks of both the upper and lower 

Detour Lake Formation. The body is weakly foliated and 
-

albite-garnet-pyrite-pyrrhotite contact aureole is locally 
well developed where this intrusion cuts sedimentary rocks 

into the host rocks. Irregular copper- and gold-mineralized 
zones occur within the contact aureole and are distinctly 
different in form and style from the main gold-mineralized 
zones at the Detour Lake deposit. These irregular zones 

-
copyrite in a calc-silicate gangue. 

Ma c Dike

trending faults and post-date all forms of gold mineraliza-

Late Dia a ic and a roic Dike  The youngest intrusive 
rocks in the Detour Lake area are a series of north-north-

gabbroic dikes that are strongly discordant to the regional 
structural grain. Diabasic and gabbroic dikes can be dis-

-

these rocks are part of the Matachewan swarm and thus are 
Proterozoic.

Geochronology of the Detour Lake Area

better understand stratigraphic and structural relationships 

had previously been determined for a felsic dike associ-

ert Marker ori on

-

-

the lower Detour Lake Formation. The sample contains 

and brecciated quartz veins. Five zircons were chemically 

-

Metawacke

was collected from Pelangeo- Larder Mines Ltd.’s hole 

-
rounded quartz grains. The sample yielded detrital zircons 
with individual 

-

was collected for geochronological analysis from archived 
-

-
ual detrital zircon 
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Figure 4. -

a

Felsic lapilli tuff Albitite dike

Plagioclase-porphyritic metagabbro

Chert Marker Horizon
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-

Ma Opatica Subprovince to the north. These data thus sup-
port the interpretation that the sedimentary unit south of 

-

Meta a ro

was collected from plagioclase porphyritic metagabbro for 
geochronology. The metagabbro intrudes the upper Detour 

Detour Lake Formation and is thus considered to be related 

Fe ic Lapi i u

in felsic lapilli tuff of the lower Detour Lake Formation. 

part of the Detour Lake area.

itite Dike

-

-

rock units. The similarity of the youngest zircon age to that 

at least some of the inherited zircons in this dike. 

Structural Setting of Detour Lake Gold Deposit

 to D -

is represented by the regional unconformity at the south-
-

 
event. 

The second phase of deformation produced folds that 

. Most 
of the penetrative fabrics are interpreted as S  fabrics as-
sociated with the D
to D

 Although 
plunges of D -

º º

strain zone tens of kilometers in length and several hundred 

 where 

The age relationships between the volcanic and sediment-
ary sequences require that the Sunday Lake Deformation 

-
erly overturned D

Lake Deformation Zone had a protracted deformational his-
-

curred after thrusting. The variations in kinematics and relat-
ed auriferous high-strain zones are discussed further below.

º and plunge 
º º º

The fourth phase of deformation is represented by a ser-
º º and are locally intruded 

these structures are typically on the order of a few tens of 

date the gold mineralization at Detour Lake. In contrast to 

volume of Proterozoic dikes in the Detour Lake gold belt is 

Regional Metamorphism

and amphiboles are preserved locally in a groundmass of 

minor retrograde mineral. Field and petrographic observa-
-

eral assemblage is actinolite-biotite-plagioclase-epidote-
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amphibolite grade.
The transition from greenschist to amphibolite facies 

plagioclase has a compositional range of An
lies well above the peristerite gap that characterizes the 

although partially controlled by f -

º

-
-

at Detour Lake.

Hydrothermal Alteration

-

processes related to the gold mineralization at Detour Lake. 

importance of host-rock chemistry in controlling the altera-
tion mineral assemblages. In the tholeiitic volcanic rocks of 

-
ized veins. These alteration minerals appear to increase in 

tremolite-actinolite-bearing assemblages constitute the 
dominant alteration type.

Figure 5. a)

b)
c)

d) Abundant brown secondary biotite laths replace early 

b

c d

a
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The breakdown and replacement of early metamorphic 

deposit. Secondary biotite and actinolite may be co-planar 
-

ented with respect to it. This suggests that the minerals 
-

mation of regional metamorphic assemblages. 

mineralized zones. The biotite alteration is typically best 
developed in pillow lavas and hyaloclastites but also oc-

-
tions suggest that carbonate and iron carbonate alteration 

more common in the Pillow Zone than elsewhere. To the 

subtly elevated magnetic signatures. 
-
-
-

tion assemblages may be summarized as follows.

teration in Ma c Rock  
The idealized hydrothermal alteration assemblage is 

-
-

calcite-ankerite-albite are higher than the other alteration 

-
blage is calcite-ankerite-biotite-albite-pyrrhotite-quartz-

poorly developed. 

teration in U trama c Rock

actinolite-tremolite-chlorite-magnetite. Such a hydrother-

teration ociated wit  unday Lake ona ite ntru ion

-

meters from the Sunday Lake intrusion into the enclosing 

have been obtained from the calc-silicate alteration zones. 

Characteristics of Gold Mineralization

-

rock units. The three zones described below are referred to 

-

gold zones are also retained in the following descriptions to 
maintain continuity with previous work. 

Detour Main one (  ein  and ert Marker ori on)
The Detour Main Zone is within the Sunday Lake De-

-
º º

Shallowly dipping high-strain zones are virtually absent.

m in strike length. Sheeted veins commonly occur with a 

veins are commonly observed as a series of sheeted subpar-

º º
boudinaged and locally post-date and cut folded foliation 

-

-

-

º º

º º
º º

that may have formed contemporaneously with the main 
shear-hosted veins. The orientations of the steeply dip-

compatible with a reverse sense of motion on the deforma-

centimeter-scale veins that are discordant to the fabric and 
have very weak alteration halos.

The high-grade mineralization in the Detour Main Zone 
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Figure 6. a) b)

Main Zone.

a

b
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-

º -

in the Sunday Lake Deformation Zone. The enhanced de-
velopment of shear-hosted quartz veins within this dilata-

both sinistral and reverse movement occurred on the de-
formation zone at the time of mineralization.

-

-
tensional lineations correspond to the overall plunge of ore 

 but they have var-

gold zones. Plunge directions of mineralized zones gen-

º º º  
º º º 

º º

eometry and inematic  o  t e M one
-

º

-

Much of the mineralization in the talc-chlorite unit oc-

intense strain fabrics are observed in outcrops over widths 

Zone.

eometry and inematic  o  t e ort  a ter Lake one

º ºS. It is localized at 

zones. This mineralized deformation zone lies in the south-

and it displays the clearest kinematic indicators of the three 
gold-bearing zones. In contrast to the M Zone and most of 

o d Minera i ation

of mineralization at Detour Lake: a pre-ore stage charac-
 

comprising Au-pyrite-chalcopyrite-bismuthinite-tet-

pressure shadows to recrystallized actinolite-talc laths in 

Much of the gold at Detour Lake is contained in discrete 

high-grade gold-bearing breccia veins cut the earlier shear 

Marker Horizon appears to have acted as a competent unit 

Horizon trend and are particularly well developed at the 

-

-

Horizon is approached.

wall and footwall contacts of intermediate to felsic intru-

gold mineralization is best developed near the contacts 
but not within the dikes themselves. This relationship is 
relatively common at Detour Lake and has also been well 

-
eralization is developed at or near the contacts of the more 

-

-

of lithologically controlled gold are illustrated by graph-

gold assay histograms are plotted beside the main litho-
logical units. 

-

The strongest gold mineralization is associated with a vein-

hyaloclastite sequence. All volcanic rocks in this drill hole 
are assigned to the upper Detour Lake Formation.
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Figure 7. 

Figure 8. a) 

b) Linear D

 folds such as the Airstrip Antiform.

ba
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Figure 9. 

Figure 10. 

indicate shear direction.
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Figure 11a (above).  

-

a b

Figure 12a (to left). Discrete grains of native gold and bismuth tel-
-

b c

a
Figure 11b (above). 

-
dinaged veins are parallel to the dominant strain fabric that post-
dates the main stage of vein formation. 

Figures 12b and 12c (below). 

parallel quartz veins. 

1 cm0 1 cm0
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sills
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-
-

plain the development of gold mineralization in these sites.
The size and strength of the mineralizing system at 

the westerly rake of the mineralized zones and the shal-
lowing of these ore shoots to the west. The section also 
demonstrates that gold mineralization occurs over a nearly 

well below the limits of the proposed open pit. 

Discussion 

-
logical work demonstrate that tectonic events were di-

-

northeastern part of the Abitibi precisely constrains epigen-
etic gold mineralization and D

Our new geochronological results from Detour Lake 
indicate that D

-

at Detour Lake is related to deformational events that post-
date D

-
tour Lake is also constrained by the presence of gold-bear-

the McIntyre Mine in Timmins have yielded a magmatic 

-
eralization at Detour Lake is older than the main-stage gold 

tructura  ontro  on u Minera i ation
The gold mineralization was formed in dilatant structur-

the earliest history of which suggests that it was a south-

volcanic rocks of the Detour Lake Formation above ca. 

volcanic rocks of the Sunday Lake Deformation Zone. A 
-

veins that are developed at or near the contact between 

-

The grade-interval histograms indicate that the most en-
riched gold zones are developed at or near the contacts be-

-

-

Lake Deformation Zone. High-grade zones are present 
near the contact between the upper and lower parts of the 

-

dilatant zones at or near the contacts between incompetent 

The principal gold-mineralized zones at Detour Lake 

-

mineralization in the footwall volcanic and volcaniclastic 

north of where they should be based on the mine geology. 

area are interpreted as secondary splays from the main 

-

º º -

-
latent loci in a reverse fault system.

-
dent between lithology and gold-mineralized zones. The 
Detour Main Zone closely follows a high-strain zone at or 

Lake Formation but is mostly in strongly carbonatized 

zones. Strong gold mineralization in hyaloclastite and pil-
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-

limb of this antiform are intensely gold-mineralized.
The early fold and fault relationships preserved at De-

tour Lake are consistent with the structural architecture of 
other Archean fold-and-thrust belts in the Abitibi Subprov-

-
tures is currently being used as an indicator of prospectivity 

and the Sunday Lake Deformation Zone placed rock units 
of differing competency and chemistry in contact with 
one another and created a structurally favorable site for 
gold mineralization. This also caused the trend of the De-

-

-
-

deposits in the camp having formed as the end result of 

has shown that the stratigraphy is more or less continuous 

is an internal structure and not a terrane-bounding suture 

the Sunday Lake Deformation Zone is not a terrane-bound-

-

-
-

formation Zone is unusual. In many Archean orogenic gold 

developed in splays and second-order structural sites dis-

Figure 14. -
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Figure 15.
-

-
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concentrated in structural features that formed less than a 
few hundreds of meters into the hanging wall of the Sunday 
Lake Deformation Zone and even within the Sunday Lake 

-
tory of rock strain along the zone and in structures parallel 
to it is demonstrated by the imbrication and boudinage of 
early planar vein systems. The orientation of these veins 
relative to the Sunday Lake Deformation Zone also sug-

The camp-scale rock relations require that the older De-
-

poorly developed at Detour Lake. This implies that the 

pre-date the main gold-mineralizing event at Detour Lake. 

-
tation. These subvertical veins would have formed under a 
transpressional strike-slip kinematic regime. Depending on 

-

grades and widths only in the Detour Lake area. Morey 

hosted gold deposits is higher in those deposits with 

those that occur in well-focused or concentrated struc-
-

dence of regional antiforms with the Sunday Lake De-

second-order structures and the Sunday Lake Deforma-

gold endowment of this district.

Depo it Mode  or Detour Lake

-

vein deposits. 
The Detour Lake gold deposit has characteristics of 

-

Even though the Detour Lake gold deposit has many 

of linear structural elements and the gold zones is shallow 
-

to depths of several kilometers.

gold mineralization at Detour Lake formed either syn-
-

ism. Many gold deposits formed under greenschist facies 

deposits formed under amphibolite facies conditions are 

The Detour Lake gold deposit also differs from other 
Archean orogenic vein deposits of the southern Abitibi 

gold deposits in the southern Abitibi have average gold 

Mine in the Timmins area contains Proven and Probable 

these large-tonnage and relatively low-grade gold deposits 
-

The very large size of the Detour Lake gold deposit may 
be related to the fact that gold mineralization occurs in 

The highest grade zones are related to dilatant sites within 
-

-

and the distribution of gold in these vein systems may be 
-

all strain is planar and that no changes occur in the orienta-

most gold mineralization at Detour Lake. 
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The bulk of the contained gold at Detour Lake is hosted by 

-
-

strain environment.
The spatial relationship of gold mineralization to litho-

logical contacts at Detour Lake is clearly illustrated on Fig-

-

-

The distribution of gold in the layered rocks of highly 
-
-

els. Such models deal effectively with fracture propagation 

faults and rotational strain also being accounted for. The 

fracture patterns. They also suggest that multiple orientations 

variations in the orientation of gold-mineralized dilatant sites 

diverse array of lithological and structural environments that 
are gold-mineralized.

Conclusions

how several key parameters culminate in the formation of 

-

assemblage. The high-strain zones that host gold mineraliza-
tion were formed originally as part of a south-verging thrust 

Deformation Zone. Although the earliest movements across 

the gold mineralization is associated with vein systems that N
ot
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regime that was superimposed on early reverse movements.

-

in gold deposits of the southern Abitibi Subprovince. The 

iron-carbonate-sericite-pyrite alteration assemblage that 
is characteristic of gold lodes hosted in lower greensch-

characterized by biotite-actinolite-albite-pyrrhotite altera-
tion assemblages that are more typical of amphibolite fa-

gold-mineralized zones are enveloped by a broad halo of 

-
gest that the timing of gold mineralization at Detour Lake 
is syn-metamorphic to slightly post-metamorphic.

have had varied and protracted kinematic histories. The 

mineralization were predominantly sinistral and reverse in 
nature. 

They formed subparallel to penetrative strain fabrics and 

an opposing shear sense. Most of these veins do not have 

by later processes that obscured and complicated kinematic 
interpretations of pre-deformation vein geometries.

The bulk of the gold mineralization at Detour Lake is 
-

systems than is typical of most gold deposits of the Ar-
chean Abitibi Subprovince.
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