I*l Natural Resources Ressources naturelles
! Canada Canada

GEOLOGICAL SURVEY OF CANADA COMMISSION GEOLOGIQUE DU CANADA

Canada

GEOLOGY of the
DARWIN SOUND AREA

QUEEN CHARLOTTE ISLANDS, BRITISH COLUMBIA

Mary Sanborn-—Barrie

1000 0 1 2 km
e=e=———= =

metres

Scale 1:30,000
Contour Interval 500 Feet

NTS References 103B/12, 103B/13
This map is published with the permission of
the Geological Survey of Canada

LOCATION MAP

LEGEND

CENOZOIC
TERTIARY

Kano plutonic suite:

m Homogeneous, fine— to medium—grained granodiorite,
quartz monzodiorite and monzodiorite

10a | Fine—grained biotite diorite

Masset Formation:

intermediate lapilli tuff and tuff breccig,
minor tuff and ash

9c Massive, fine—grained to aphanitic rhyolite

o]

Feldspar—phyric intermediate subvolcanic rocks

Sa Coarse—grained, plagioclase—porphyritic diabase

MESOZOIC
CRETACEOQUS

QUEEN CHARLOTTE GROUP
Honna Formation: polymictic conglomerate, minor
feldspathic wacke

Skidegate Formation: turbiditic feldspathic wacke and
lithic wacke, minor conglomerate

Haida Formation: feldspathic wacke, lithic wacke, shale

UPPER JURASSIC (?)
Noncaicareous, friable mudstone

Unsorted, unbedded sedimentary breccia with sedimentary and volcanic
clasts of Early Jurassic age

JURASSIC

Burnaby Island and San Cristoval plutonic suites:

Diorite, quartz diorite, gabbro
Gneissic diorite

YAKOUN GROUP
[1_] Andesitic dyke (feeder to Yakoun volcanics?)

Andesitic lapilli tuff
Oligomictic conglomerate composed of mafic clasts

LOWER JURASSIC
MAUDE GROUP (?)

I 4b i Polymictic conglomerate

Ghost Creek Formation (?): poorly bedded to thinly bedded,
noncalcareous shale, minor lithic wacke and feldspathic wacke

LOWER JURASSIC & TRIASSIC
KUNGA GROUP

! 3 I Undifferentiated Kunga Group sedimentary rocks

Tectonic breccia composed of Kunga Group clasts

siliciclastic rocks, minor feldspathic wacke

m 2?’3 | ormation: thickly laminated to thinly bedded, graphitic,

Sadler Limestone: thickly bedded to massive grey limestone

E Sandilands Formation: thinly bedded, calcareous to noncalcareous

TRIASSIC
Karmutsen Formation:

‘Limestone

]

Intermediate amygdaloidal flows

Mafic, massive and amygdaloidal flows; piliowed flows;
m minor pillow fragment breccia; flow top breccia; tuff

PALEOZOIC (?)
PERMIAN (?)

Chloritic limestone, banded carbonate, intermediate to mafic tuff
and tuff breccia. e

SYMBOLS
——= ..------ + Stratigraphic or intrusive contact (approximate, inferred)

\j\\*\ Axial trace of megascopic folds; anticline, syncline
\Q\\Q\ Overturned axial trace of megascopic folds; anticline

syncline
Mo Regional—scale ductile shear zone

Regional—scale ductile shear zone; arrows show
apparent sense of transcurrent shear (dextral, sinistral)

..... -..— Regional—scale brittle fault (approximate, inferred)

\) Ball shows downthrown side of shear zone or fault zone
) - my Limit of mapping
x Small bedrock outcrop

ey Glacial striae

85 Bedding, top unknown;
\ X (inclined, vertical)

ixg Bedding, top (arrow) from grain

gradation (inclined, vertical, overturned)

75 x Bedding in volcanics, top based on criteria other
X7 than pillows (inclined, vertical, overturned)

Q Regional stratigraphic direction

z Pillow lova flow; top (arrow) from
v pillow shape and packing
75 First foliation (S1)
\ \\ (inclined, vertical)
75 Second foliation (S2)
\ \ (inclined, vertical)

First cleavage (inclined, vertical)

Second cleavage (inclined, vertical)

I &Z*”S | crenulation cleavage (inclined)

\fkk Gneissosity (inclined, vertical)

Ductile shear zone

S (unknown sense of displacement)
A Oblique—slip shear zone,
Tm ball on downthrown side

e Ductile shear zone
— 80 (apparent dextral displacement)

e Ductile shear zone
' (apparent sinistral displacement)

Inclined shear foliation (C'—fabric)

Mineral lineation

Elongation lineation

=

60—

85 >

Crenulation lineation
- Fold with plunge; Z—,

\33\3_)&) S—, W—, U-—shaped

2 .
- Axial plane

S—shaped kinkband (inclined, vertical)

?(. Z—shaped kinkband (inclined, vertical)

38 € Kinkband fold axis with piunge

A Dyke (inclined, vertical)

/“ / Fracture (inclined, vertical)

/os ’ Joint (inclined, vertical)

@ Fossil locality with GSC locality number
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DESCRIPTIVE NOTES

ROCK UNITS
Supracrustal Rocks

Mafic volcanic rocks of the Upper Triassic (Carnian) Karmutsen Formation
dominate the western part of the area and include massive and amygdaloidal
flows, pillowed flows, pillow fragment breccia, flow top breccia and minor tuff.
Amygdaloidai flows of intermediate composition, exposed near Klunkwoi Bay,
appear to form a compositionally distinct horizon within the upper Karmutsen
Formation. Mafic volcanic rocks exposed within and east of Darwin Sound form
narrow, discontinuous units and are massive, fine—grained and locally
amygdaloidal. Limestone layers and lenses occur with mafic volcanic rocks at
several localities.

The Upper Triassic to Lower Jurassic (Carnian to Sinemurian) Kunga Group
comprises three formations: massive limestone of the Sadler Limestone, argillaceous
limestone of the Peril Formation, and siliciclastic rocks of the Sandilands Formation.
A conformable contact between the Karmutsen Formation and Sadler Limestone is
observed on Titul Island and Kalo Rocks.

Light grey—weathering Sadler Limestone (Carnian) is typically massive, although
locally thick to very thick beds are observed. Limestone exposed on Shuttle Island has
well—defined, millimetre— to centimetre—scale layering, rare, thin chert beds and minor
clastic interbeds. These rocks resemble carbonate units exposed at Hutton Point which
may be of Carboniferous to Permian age'Z. Alternatively, they may simply be tectonized
limestone of the Sadler or Karmutsen formations.

Argillaceous limestone of the Peril Formation (Carnian—Norian) conformably
overlies the Sadler Limestone. In the map area, Peril Formation may be well-bedded
and comprise thickly laminated to thinly bedded, graphitic, argillaceous limestone with
interstratified beds or discontinuous layers of light grey—weathering carbonate.

Beds are generaily ungraded and sedimentary structures are absent. Commonly
the rocks are strongly foliated, graphitic, and beds are thoroughly disrupted.

Siliciclastic rocks ©of the Upper Triassic to lowermost Jurassic (Hettangian and
Sinemurian) Sandilands Formation are conformable and gradational with the
underlying Peril Formation. Exposures of the Sandilands Formation are geographically
restricted. The section on eastern Kunga Island consists of dark black— to grey—
weathering, thickly laminated to thinly bedded, siliciclastic rocks with minor feldspathic
wacke. Near Crescent Inlet, thinly—bedded siltstone is interstratified with dark
brown—weathering, pyritic, clastic carbonate beds up to 35 cm thick. Strongly
foliated black siltstone is exposed along eastern Richardson Island, eastern
Shuttle Island, and northeast of Triumph Point. Thermally metamorphosed siltstone
which weathers pale pink to buff, is observed on western Tanu Island and near
Tsinga Point on northermn Lyell Island.

Breccia units containing tabular clasts of Peril and Sandilands formations are
exposed from Crescent IPoint to Gil Islet at the north end of Darwin Sound. This
poorly sorted unit is spatially associated with a disconformity between upper
Kunga Group strata and younger (mid— to lote? Jurassic) sedimentary rocks.

One locality of Eairly Jurassic (Early Pliensbachian) Maude Group (?) sedimentary
rocks occurs on the noirth shore of Crescent Inlet. These rocks are poorly bedded,
ungraded, blue/grey weathering shale with minor thin interbeds of fine, ungraded
feldspathic wacke. Quartz forms up to 50% of the wacke. Upsection, increasingly
well-bedded lithic wacke and feldspathic wacke conicin pitferentially weathered
calcareous concretions. A 2 m thick unit of polymictic conglomerate occurs
approximately in the middle of the exposed section. The conglomerate is
discordant with the underlying wacke. This conglomerate may be part of the Maude
Group or may be part of the Late Cretaceous Honna Formation.

Two isolated occuirrences of Middle Jurassic (Bajocian) Yakoun Group occur
in the map area. Andesitic lapilli tuff cemented by white—weathering calcite
occurs in a valley on the east side of Shuttle Isiand. This unit is characteristic of the
basal Yakoun Group elsewhere on Queen Charlotte Islands. Cobble conglomerate with
well rounded, sphericai, dark green—weathering gabbroic clasts in a mafic—derived, fine
sand—size matrix occurs near Gil Islet.

Clastic sedimentary rocks near Crescent Point disconformably overlie upper
Kunga Group strata. The basal part of the succession consists of an unsorted,
unbedded, sedimentary breccia containing tabular clasts of Sandilands siltstone,

Peril limestone, fossiliferrous wacke, grit conglomerate, ond minor volcanic and
plutonic clasts. Clasts oif fossiliferous wacke yield fossils identified as
Pliensbachian in age whiich provides a maximum age of deposition for this unit.
The basal unit is overlgiin locally by a breccia composed predominantly of *
plagioclase—phyric volcamic clasts and minor siltstone clasts in a mudstone matrix.
These rocks appear to grade upward into dark brown—weathering, friable,
noncalcareous mudstone. Entire coarse—ribbed inoceramid valves and associated
shell debris occur withini the mudstone/wacke facies.

Cretaceous strata of the Queen Charlotte Group on the north shore of Logan
Inlet are dominated by imassive to very thinly bedded, noncalcareous shale with
minor interbeds of fine feldspathic wacke. The wacke may be graded, parallel
laminated or cross—strattified, and displays load and scour structures. These rocks
grade upward into turbidites of the Skidegate Formation. Within the turbidite
sequence are rare 2 m wide interbeds of intraformational cobble conglomerate.
Polymictic conglomerate of the Honna Formation overlies the turbidite
succession.

Tertiary volcanic and volcaniclastic rocks are exposed in the north—central
part of the area. The swccession is dominated by poorly sorted, poorly bedded,
lapilli tuff ond tuff breccwcia, of intermediate composition, belonging to the
Masset Formation. Dacite ash, tuff and lapilli tuff occur north of
Crescent Inlet. Fine—graiined to aphanitic rhyolite is exposed on northern
Richardson Island. Massiive, unfoliated, feldspar—phyric rocks of intermediate
composition occur throuighout the Logan Inlet area. These rocks appear to
underlie Tertiary volcanic: rocks and may represent their subvolcanic equivalents.

Intrusive Rocks

Diorite and quartz: diorite are present throughout western Lyell island,
southern Richardson Islaind and Shuttle island. Where unstrained, these rocks are
medium—grained, equigranular, pale green—weathering with a colour index of 12 to
25. Strongly tectonized (diorite and quartz diorite is fine—grained, light grey
weathering, with an intemsely foliated to phyllonitic texture. Gabbro, leucodiorite,
hornblende porphyritic diiorite and quartz monzodiorite are minor phases
throughout western Lyelll Island and Darwin Sound. Gneissic diorite and diorite
gneiss occur on southwest Lyell island.

intermediate to fe:sic plutonic rocks are sporadically exposed throughout
central Lyell Island ond generally intrude diorite and quartz diorite. Granodiorite
and quartz monzodiorite: ocgur on northern Lyell Island west of Tsinga Point and
on eastern Tanu Island, where they intrude the Sandilands Formation. Fine—grained,
equigranular, biotite—beairing rocks of dioritic composition are prevalent in the
Crescent Point area.

Coarse—grained, imtermediate intrusive rocks with well—developed diabasic
texture form tabular uniits up to 250 m wide within Karmutsen Formation and
Kunga Group strata in tthe Crescent Inlet—Anna Inlet area. These rocks are
spatially associated with (ond appear to grade into) vesiculor andesitic rocks that
intrude Kunga Group strata. The diabasic rocks are interpreted to be Middle
Jurassic or Tertiary in @ge and are considered to be distinct from the comagmatic,
hypabyssal rocks of the: Karmutsen Formation that are mafic in composition and
have a subophitic texture.

STRUCTURAL GEOLOGY

Volcanic rocks of the Karmutsen Formation in the western part of the map
area strike north—northwest, dip moderately (25—50°) to the west, and young to the
west. Kunga Group strata near Crescent and Anna inlets similarly strike northwest,
but are folded about a northwest—striking anticline and syncline. Here, minor
folds plunge 10—-30° northwest. In the eastern part of the map area.

Kunga Group strata strike northerly, dip moderately to steeply (40-70°)

eat and are folded about NNW-—striking anticline and syncline pairs. These rocks
young to the east, as do discontinuous panels of Kunga Group exposed throughout
Darwin Sound. Therefore, Darwin Sound is the locus of a notable structural discontinuity
where Triassic and Jurassic strata face in opposite directions.

In general, Middle to Late Jurassic (?) clastic rocks young to the east. Well
bedded mudstone and wacke in the upper part of the exposed section are folded,
possibly by two generations of folds. First generation folds strike north and are
refolded about an east-striking syncline. These folds may be related to intrusion
of fine—grained dioritic rocks in the Crescent Point area. Cretaceous strata strike
northwest, dip moderately (40—70°) to the northwest, and young to the northeast.
Bedding in Tertiary volcanic rocks is observed rarely.

Penetrative planar mineral fabrics appear to be more prevalent in the Darwin
Sound area than in adjacent areas. Mafic volcanic rocks east of Darwin Sound
possess a moderately—developed, penetrative foliation which strikes east and dips
steeply (60—85°) south. A strongly—developed, northwest—striking schistosity
overprints the east—striking foliation in northern Beresford Inlet. Mineral
lineations are rarely observed in these fabrics. Diorite and quartz diorite on
southern Lyell Island exhibit a moderately—developed foliation and, locally,
gneissosity. Foliations are generally north— and northwest—striking, and dip
moderately to steeply to the northeast and southwest. Gneissosity in
southwest Lyell Island appears to define a discrete intrusion. Plutonic rocks
exposed on central and northwest Lyell Island and southern Richardson Island are
generally massive.

Ductile deformation zones with strongly— to intensely—developed, planar fabric,
a conspicuous mineral lineation, and centimetre—scale kink folds transect Triassic
and Jurassic supracrustal and plutonic rocks. Attitudes of shear fabrics vary,
although three dominant attitudes are observed. 1) East—striking deformation
zones dip shallowly to moderately (20-55°) to the south, possess strongly
developed minernl lineations which plunge moderately (20—45°) to the southeast
and display kinematic evidence of oblique—reverse displacement (i.e., north—side
down and to the east). 2) North—northwest—striking deformation zones generally
dip moderately (30-66°) to the east and west, and possess mineral lineations that
plunge moderately (15-50°) to the southeast and southwest respectively. These
zones generally display reverse displacement but locally show evidence of
normal movement (i.e., Lyell Bay area). 3) Northwest—striking, steeply dipping
(75—-89°) shear zones possess shallowly plunging (2—15°) mineral lineations and
displc%f both dextral and sinistral transcurrent shear (i.e., south end of Shuttle
Island).

Although minor faults are pervasive, few large faults are recognized. Brittle
structures are observed near Gil Islet where west—facing volcanic rocks are
juxtaposed against east—facing sedimentary rocks of the Peril Formation. Strongly
fractured and veined exposures of Tertiary volcanic rocks occur on Tangil
Peninsula north of Richardson Island, and on southeast Tanu Island. Stratigraphic
discontinuities and repeated stratigraphic sequences revealed by map patterns
imply the presence of faults at several localities (i.e., between Tanu and Kunga
islands; through Klunkwoi Bay?).

INTERPRETATIONS AND CONCLUSIONS

New interpretations of the geology of the Darwin Sound area resulting from
this work follow. 1) Considerably more plutonic rocks are recognized.

These form an elongate, northwest—trending belt through western Lyell Island.
Fabric development (foliation and gneissosity) in diorite and quartz diorite on
southwest Lyell Island suggests these rocks may be part of the 172—171 Ma San
Christoval plutonic suite 3. Massive diorite, quartz diorite, leucodiorite, quartz
monzodiorite and granodiorite on northwest Lyell Island and southern Richardson
island may be part of the slightly younger, 168—-158 Ma Burnaby Island plutonic
suite3 2) Panels of Kunga Group strata occur on Richardson lIsland, Shuttie
Island, the Topping Islands and western Lyell Island; areas previously mapped
entirely os Karmutsen Formation. 3) Clastic sedimentary rocks disconformably
(unconformably?) overlie upper Kunga Group strata neor Crescent Point. Fossils
from sedimentary clasts from this breccia contain Early Jurassic (Pliensbachian)
ammonites and the occurrence of plagioclase—phyric volcanic clasts (probable
Yakoun Group) in the lower part of this sedimentary succession suggests that these
rocks may be lote Middle Jurassic (late Bathonian to early Callovian) or younger
Jurassic strata.

Structurally, the map area is transected by shear zones that juxtapose and
repeat Triassic—Lower Juragssic strata. A major zone of ductile deformation
through Darwin Sound consists of low—angle, reverse shear zones, although
normal and transcurrent structures are observed locally. This deformation zone
appears to have involved thrusting of west—facing Triassic mafic volcanic rocks
on east—facing panels of younger sedimentary rocks. These structures are
interpreted to reflect an early episode of oblique shearing which may be coeval
with Middle Jurassic southwest-—-directed shortening recognized throughout the
islands*. Narrow, transcurrent shear zones overprint the oblique—slip shear zones
and may be coeval with strike—slip movement on the Louscoone Inlet foult system
(LIFS) to the south™*. High strain flattening fabrics in Beresford Inlet, and the
conspicuous topographic lineament that coincides with the inlet, are attributed to
competency contrasts between a narrow belt of mafic volcanic rocks and the
enclosing intrusive rocks, rather than to the presence of the LIFS in this area.
Mylonitic rocks exposed necr Beljoy Bay are on strike with strongly fractured and
veined rocks which extend from central Lyell Island to southeast Sedgwick Bay.
These may define a regional structural zone parallel to the Darwin Sound
deformation zone.

TSutheriand Brown, A., 1968. Geology of the Queen Chariotte Isiands, British
Columbia; British Columbia Department of Mines and Petroleum
Resources, Bulletin 54.

2Hesthammer, J., Indreiid, J., Lewis, P.D,, and Orchard, M.J., 1991. Permian strata
on the Queen Charlotte Islands, British Columbia; /n Current Research,
Part A; Geological Survey of Caonada, Paper 91—1A, p. 321-329.

3Anderson, R.G. and Reichenbach, I., 1991. U-Pb ond K—Ar fromework for Middle
to Lote Jurassic (172—158 Mc) and Tertiary (46—27 Ma) plutons in Queen
Charlotte Islonds, British Columbic; /n Evolution and Hydrocarbon
Potentiol of the Queen Charlotte Basin, British Columbia, (ed.) G.J.
Woodsworth, Geological Survey of Canado, Paper 90-10, p. 59-87.

4 Lewis, P.D., 1991. Structural geology and processes of deformation in the
Mesozoic and Cenozoic evoiution of the Queen Charlotte Islands;
unpublished Ph.D. thesis, University of British Columbia,

Vancouver, British Columbia, 323 p.
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