
The chemical compositions of basalts and Dana tuff breccia with their modes 
are listed in Table XV. Columns 1 to 3 are basalt, and Column 4 the average 
of 1 to 3. These analyses are compared to Nockolds’ average tholeiite (Column 
5) and Waters’ (1961) average Yakima basalt (Column 6). The Masset basalts 
analysed show considerable variation considering how similar they are in hand 
specimen and mineralogy (see Table XV, Modes). Specimen 61AB59 is a 
basaltic andesite, but the plagioclase phenocrysts are zoned from An,,-,, and the 
matrix plagioclase is about AnGo. Considering this, the average analysis, the ap 
pearance and mineralogy of all the flows, they are best considered as basalts. Com- 
parison with Nockolds’ and Waters’ averages shows the Masset average is very 
close to Waters’ but contains more Al?O,, and Na,O and less total iron and CaO 
than Nockolds’. The Masset basal& are even more sodic than the Yakima basalts 
and about the same as the Karmutsen basalts. However, the lime-alkali ratio of 
the Masset basalts is less extreme than that of the Karmutsen, the K20 content 
higher, and the Na/K ratio very much less (see Table II). In summary the Mass.5 
basalts are moderately high alumina, alkali basalt. 
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The specimen of Dana tuff breccia analysed (Column 7) is a typical specimen, 
but with such a unit a very great many analyses would be necessary to secure a truly 
representative average. It should be compared to the average rhyolite (Column 
4, Table XIV) and average basalt (Column 4). It should be noted the silica 
percentage is almost exactly half-way between that of the rhyolite and basalt aver- 
ages; that the Na,O and Pz06 percentages also are half-way between; but the CaO, 
MgO, and MnO are less than corresponds with this ratio of mixing; and that the 
A1203, total iron, TiOz, and K20 are more. All components, however, fall be- 
tween the limits of the two types and on either side of a 1: 1 mixture, with the 
farthest departure on either side being 3:l. The mode of the analysed specimen 
is about 1: 1. The mode of all examined specimens was 9 basalt to 7 rhyolite. But 
it was stated the true average might be even more basaltic. In conclusion there is 
no doubt from considering the mineralogy or chemistry that the Dana tuff breccia 
represents a mechanical mixture of the two fundamental types of rocks in relatively 
equal proportions. 



Stmtigraphy.-The stratigraphy of the Masset Formation has not been studied 
in detail. Most of the mapping of the Tartu facies was done rapidly by helicopter. 
Other areas, such as that of the Dana facies, are not readily studied because of a 
dearth of indications of bedding and because of the discontinuities resulting from 
major faults and the island nature of the area. Nevertheless the general features 
of the stratigraphy are readily apparent. 

The main area of Masset Formation, embracing most of the area north of 
Rennell Sound and west of Masset Sound, is underlain by rocks that form the Tartu 
facies. On the east coast of Graham Island these underlie the Skonun Formation. 
as is shown by core from Richfield wells and the outcrop area of Lawn Hill. This 
facies is formed almost entirely by columnar basalt flows, basalt breccias, and sodic 
rhyolite ash flows. In the area of good exposure from Tartu Inlet up the coast to 
Otard Bay and across to Masset Inlet, the formation is divided into three distinct 
members: a basal mixed member, an overlying rhyolite member, and a topmost 
basalt member. The type section would better be selected after detailed work, but a 
preliminary choice would be on a line from the entrance of Tartu Inlet to McClinton 
Bay on Masset Inlet and on to the outlet of Ian Lake. The following table of gross 
stratigraphy applies to the type section and the whole of the area of good exposure. 
Structural cross-sections N, M, and 0 (Fig. 6) show some details of stratigraphic 
sequence, but the thickness of some of the flow units is exaggerated. 

The mixed member is composed of columnar flows a few tens of feet to perhaps 
200 feet.thick, basalt breccias a few feet to, more rarely, 300 or 400 feet thick, and 
rhyolitic ash flows 100 feet or more thick. Perhaps one-third of the mixed member 
is rhyolitic. The basal unit differs from place to place. Generally in the southwest 
the basal unit is basaltic, but from Kennecott Point to Beresford Bay is unwelded 
rhyolitic ash flow. At the entrance to Tartu Inlet the basal unit is a columnar flow 
and the lowest rhyolite is more than SO0 feet above the base. The base Neal Hippa 
Island and north Skelu Bay is formed by coarse basalt breccias, but on south Skelu 
Bay it is formed by columnar basalt% The coarse breccias may be vent opening 
breccias. The thick rhyolitic ash that forms the basal unit from Kennecott Point 
to the north seems to be traceable south to Ingraham Bay, where it clearly overlies 
a good many hundreds of feet of basalt breccias and columnar flows. It is possible 
that this thick basal rhyolite, which forms the base north of Kennecott Point, 
actually is the base of the rhyolite member and that the mixed member is absent 
by overlap or non-deposition. The basal unit at Pillar Bay and outcrops along the 
north coast are overwhelmingly basalt. 

The rhyolite member is composed of very thick units 100 to as much as 400 
feet thick. Most are the typical buff and grey fluidal banded aphanitic rhyolite, but 
some or parts of some are vitrophyre, perlite, or obsidian. Columnar basalt is rare. 
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The thickness of this unit appears to increase measurably toward Port Louis, and as 
described above it may form the basal unit on the northwest coast, but not on the 
north coast. 

The basalt member is composed of thin flow units of columnar basalt with 
some scoriaceous flow tops, rare basalt breccias, and rarer rhyolite ash flows or 
breccias. The top of the exposed unit may well have been approximately the top 
of the formation. 

Four of six exploratory holes drilled by Richfield et al. in the Skonun Forma- 
tion penetrated the Masset Formation, Tartu facies at depth. Core from these wells 
is in all respects similar to typical Tartu facies. The uppermost 10 to 20 feet 
appear weathered, but whether this is subaerial weathering to groundwater was not 
determined. The Masset well penetrated 1,200 feet of mostly massive basalt with 
minor basaltic breccia. The Nadu River well penetrated 3,000 feet, three-quarters 
of which were massive basalt, with the remainder rhyolite, basalt breccia, and a 
basalt conglomerate. The Gold Creek well penetrated only 60 feet, all of which 
was rhyolite or rhyolite breccia. The Cape Ball well penetrated 1,880 feet of 
Masset Formation, of which the upper 900 feet was all massive basalt, but the lower 
980 feet contained much basalt breccia and some rhyolite. Figure 20 is a diagram 
showing the lithology encountered in the wells. The distribution of facies indicated 
by the wells fits projection of the contacts shown on Figure 17. 

The section along the northernmost spur of Mount Russ is designated the type 
section of the Kootenay facies. The whole section is formed of crudely columnar 
jointed flows of sodic rhyolite, welded tuff breccia, or ignimbrite of varying thickness 
and fragment size. Several miles farther south the section is composed primarily 
of fine spherulitic rhyolites, so that it appears the tuff breccias grade into or inter- 
finger with the former. Some columnar basalts occur, particularly on the fringe of 
the outcrop area. The Kootenay facies overlies, with varying angular discordance, 
Karmutsen, Kunga, and Henna Formations but is not overlain by any younger rocks. 

The Dana facies is fairly well exposed on the shores of Selwyn, Dana, Logan, 
Richardson, and Atli Inlets, and is named after the second. It is impossible at 
present to suggest a meaningful type section. AU inlets present similar aspects of 
outcrops of massive mixed clast breccias cut by dykes of finely banded rhyolite and 
purplish-grey feldspar porphyry and with intercalated flows or sills of the same 
rocks. The graded beds of breccia are too rare to do more than just indicate per- 
vasive gentle dips (20 degrees, more or less). The minimum stratigraphic thickness 
of such rocks necessary to explain the distribution is 5,000 feet. No superincum- 
bent rocks are known. 

The outcrop areas from Slatechuck Mountain to Coda1 Bay are composed of 
rocks having some similarities to all facies, but dacites are more common than else- 
where. Whole areas, such as near Tana Bay, are composed of aphanitic rhyolites 
and fine blocky rhyolite breccias, whereas near Slatechuck Mountain basalt and 
basalt breccias with some dacites or andesites form the bulk of the succession with 
some acidic breccias near the top. South of Lagins Creek, basalt and light-green 
porphyritic dacite are dominant, with overlying breccia of mixed clasts in which 
rhyolite is most abundant. 

Or&%--The Mass& Formation, with the exception of the Dana facie% was 
erupted subaerially. This is substantially shown by the ubiquitous columnar joint- 
ing in the basalt flows, by the welding of rhyolite ash flows and Kootenay tuff 
breccias, and by the lack of pillow laws and intercalated sedimentary rocks. 
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The evidence that the rhyolites originated as ash flows is based on a few 
specimens in which welded vitroclastic structures can be recognized (see Plate XIIIA) 
because commonly spherulitic devitrification has proceeded to a point where such 
stroctwes are not evident. Additional evidence is provided by the chemically 
similar welded columnar jointed tuff breccias of the Kootenay facies. Finally, thick 
but continuous tabular deposits of acid flow rocks are now generally thought to have 
such an origin. 

The Dana facies, composed of unsorted breccias of mixed clasts with inter- 
calated graded beds of similar material, greatly resembles the Ohanapecosh Forma- 
tion of Washington, interpreted by Fiske (1963, pp. 391-405) as formed by sub- 
aqueous pyroclastic flows. In particular the unsorted nature and the restricted area 
of outcrop fit the Fiske and Matsuda (1964, p. 104) postulate for eruption into 
shallow water. They may have originated largely by subaqueous slumps. 

The mode of origin of the basalt breccias is probably multiple, but most seem 
to be truly pyroclastic, for they are formed of semi-angular fragments of differing 
crystallinity and vesicularity and of wide distribution. One such pyroclastic basalt 
unit near the base of the Tartu facies at the entrance to Seal Inlet was not far re- 
moved by erosion from a dyke of similar composition. which suggests some erupted 
as pyroclastic flows. Some of the thick units at the base may have been vent open- 
ing breccias. Other breccias composed of homogeneous fragments are flow breccias 
and collapse breccias and are fairly uncommon. 

Not enough evidence was gathered of distribution, form, and other relation- 
ships of the lapilli-sized blocky rhyolites to suggest a mode of origin. 

Vents for the eruption of the Masset Formation take a number of forms as 
dykes and plugs. Probably most of the columnar basal& and many or most of the 
rhyolite ash flows were erupted via long lineal vents, now dykes. Large dykes of 
basalt and, to a lesser extent, of rhyolite are a common feature of the areas under- 
lain by older rocks fringing the Masset Formation. Several dyke-like connections 
to flows were noticed, with good fans of columns changing in orientation from sub- 
horizontal in the feeder to sub-vertical in the flow. The best examples are in basalt 
at the east entrance to Tartu Inlet on Skaga Island of the Tar Islands, and in rhyo- 
lites at Ells Point. A dyke connection to a perlitic rhyolite flow containing cognate 
rounded blocks occurs on the ridge north of Sk& Bay. A coarse basalt breccia 
of unknown plan but with steep walls occurs at Lawn Point and is most likely a 
vent throat, possibly a rootless one. A body of coarse breccia of cognate rhyolitic 
clasts and very coarse accidental blocks occurs south of Bottle Point in the Kootenay 
facies and may well represent a filled vent. 

Many porphyry bodies of various plans are associated with the Masset Forma- 
tion. Biotitic feldspar porphyry bodies at Cape Knox, Yakoun Lake, Lye11 Island, 
and possibly Lomgon Bay are of this sort. The Lye11 Island body is large and 
complex, for it appears to consist of porphyry cut by a sequence of abundant large 
dykes of almost identical composition. Coarse diabase to gabbro bodies occur 
east of Barrier Bay on Tasu Sound, near Moresby Lake, and on Ramsay Island. 
Some of the dyke-like bodies grade laterally to basalt. Both the porphyry and 
gabbro bodies are thought to represent consolidated vents or upper magma cham- 
bers related to Masset flows. 
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The origin of the basaltic and rhyolitic laws is considered briefly in the section 
on petrogenesis (p, 161). It is concluded the basalts may be upper mantle material 
slightly modified by contamination and differentiation. The origin of the rhyolites 
is more of a problem. They may be early melting material remobilized from the 
syntectonic quartz diorites or from deeply buried Palzeozoic plutons. The minor 
amount of dacite and andesite is probably mixed laws or hybrids. 

Age and Correlation.-The age of the Mass& Formation is not well defined 
for a number of reasons. It is largely a subarea1 volcanic formation with almost 
no intercalations of marine sedimentary rocks and none of fossiliferous nature. 
Silicified and charred wood fragments are relatively common within the acidic ash 
flows, but none of any diagnostic value was collected. None of the Row rocks is 
biotitic, and all are generally low potassium rocks. One specimen was collected from 
a tabular biotitic feldspar porphyry body, presumably a sill, near the base of the for- 
mation. This locality is shown on the geological maps and distribution map, Figure 
17. The specimen was submitted to Dr. W. H. Mathews, and the analysis was 
performed at the University of Alberta. The age is 62k3 million years B.P. or 
Paleocene (Mathews, 1964, pp. 465-468). This is a minimum age for the start 
of volcanism. Eruption of Mass& flows may have continued for some while, 
possibly into the Middle Eocene, which M&hews (1964) shows was a time of 
extensive voIcanism in British Columbia. Certainly extensive faulting, tilting, and 
erosion occurred prior to the deposition of the Skonun Formation in the Mio- 
Pliocene. 

Correlations must await better dating of the Masset Formation and its possible 
correlatives. The Eocene Metchosin pillow basalts of southern Vancouver Island 
are a likely correlative in part, as are some units of northern Washington, such as 
the Chuckanut Group and Early Tertiary continental sandstones and overlying 
and&tic basal@ of the Admiralty Trough of southeast Alaska (Brew, Loney, and 
Muffler, 1964; Lathram et al., 1965). 

Correlation within the Queen Charlotte Islands of all the isolated localities 
assigned to the Mass.5 Formation is based on similar stratigraphic relationships, 
generally overlying proven Cretaceous rocks, and on similar lithology, mineralogy, 
and chemical compositions. 

Skonun Formation 

The Skonun Formation is composed of marine and non-marine sands, sand- 
stone, shale, lignite stringers, and conglomerate of Late Tertiary (Mio-Pliocene) 
age. It overlies Masset Formation with unconformity where it laps onto this forma- 
tion. It is intruded by the Tow Hill sills and overlain unconformably to conform- 
ably by thick to thin Pleistocene drift and outwash. The Skonun rocks are in 
general friable and do not outcrop well, so that exposures are limited, as shown on 
Figure 18. Exploratory wells by Richfield et al., however, confirm the earlier belief 
that a large area of eastern Graham Island is underlain by this unit. The thickest 
sections revealed in the wells are: Cape Ball No. 1, 6,000 feet, and Tow Hill No. 1, 
6,000 feet, still in the formation. Although the precise age of the complete forma- 
tion has not been determined, pollen found at 3,470 feet in the Tlell well is 
essentially identical to that from outcrops. In general, opinion based on inver- 
tebrates and pollen suggests that rocks of both Miocene and Pliocene age are in- 
cluded. 



Fig. 18. Skonun Formation: Distribution, wells, and fossil localities. 
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The Skonun Formation was named by MacKenzie (1916, pp. 73-76) after 
the exposure at Skonun Point, and believed by him to underlie the Masset Forma- 
tion. The Skonun was discussed by Dawson under the heading “ Tertiary Rocks ” 
with the volcanic rocks that are now called the Masset Formation. He made many 
observations on the sedimentary rocks and collected an extensive fauna at Skonun 
Point (1889, pp. 858-87~). Richfield Oil Corporation has studied the unit in 
some detail (Cox, 1959) and drilled six exploratory wells. More recently Shell 
Canada has been investigating this unit. 

Lithology.-The Skonun Formation is composed of sands to sandstone, silt- 
stone, and shale with less conglomerate, lignite, and marl. Seventy to eighty per 
cent of the formation is composed of arenaceous deposits, and these characteristi- 
cally are clean, friable, poorly lithified rocks. The most common colour is light 
grey speckled by fairly abundant hornblende and biotite. Light olive-grey sand- 
stones are also common. Biotite increases markedly in some beds, and lamina 
and the rocks then become much darker, more foliated, and fissile. Quartz is the 
dominant mineral in all these rocks; feldspar commonly forms about 30 per cent; 
biotite and hornblende commonly form 10 to 15 per cent but may form up to 50 
per cent in certain lamimz; and rock fragments commonly form 10 to 20 per cent. 
Most grains are subangular. Shelly and pebbly sandstones are characteristic of 
the type locality (see Plates XA and Xe) and are present in some degree at most 
localities. 

Bedding type varies widely, with massive poorly defined bedding being com- 
monest, but well-defined thick and thin beds, laminated sandstone, and intercalated 
sandstone and shale beds are all common. Certain lamittae and some well-defined 
bedding planes are normally well plastered with biotite, carbonaceous debris, or 
both. Cross-bedding is also common and variable from festoon to simple type. In 
addition, slump and truncated slump structures are prominently shown in core of 
the Tow Hill well. 

Shales and siltstones form a lesser part of the formation. True shales are 
virtually absent, all are silty. Most are fairly compact, but some at shallow depth 
are claystone or even clay. Light- to middle-grey slightly fissile silty micaceous 
shales are the commonest variety. Most carry some carbonaceous matter and the 
percentage may increase, to a degree where the rock is a carbonaceous shale to 
lignite. Quite commonly carbonaceous matter is concentrated on bedding planes 
giving a laminated shale. Some shales are slightly to moderately calcareous or 
marly and a few are slightly bentonitic. 

Conglomerate is rare, except in the lower part of the Tow Hill well, where it is 
completely dominant. Elsewhere some pebbly sandstones and granule conglomer- 
ates are not uncommon, but true conglomerates are relatively rare. In the upper- 
most part of all wells, stony clays and tills of Pleistocene age occur. The conglom- 
erates of the Tow Hill well are dominantly composed of slightly chloritized basalt 
fragments, but pink and grey granitic rocks and shale are common, and rhyofites, 
porphyries, and metamorphic rocks occur. The matrix is light-grey to olive-grey 
quartzose, biotitic sandstone. Cobbles and cobble conglomerates are rare; pebbles 
of 1 to 2 inches in diameter are commonly the largest fragments. Rounding is 
poor to fair at best and discoid shapes common. 

Carbonaceous deposits are common and vary from a tough fibrous or woody 
lignite, such as in the outcrop stringers at Skonun Point, to black shiny coal with 
conchoidal fracture, such as occurs in the Tlell and Gold Creek wells at a depth of 
about 3,000 feet. 
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Microscopy.-The rocks examined microscopically are not entirely representa- 
tive because they are all fairly well lithified by calcareous cement in contrast to the 
normal friable sands. Otherwise the compositions of sands and sandstone seem 
similar. 

The Skonun sandstones are composed mostly of angular sand with some 
rounded or subrounded clasts. They vary greatly in compactness; most have an 
abundant calcareous matrix and some calcite clasts OI recognizable shell fragments. 
Table XVI shows the mineral compositions. Quartz exceeds feldspar, which in turn 
normally exceeds rock fragments. Most of the feldspar is andesine, but some is 
potash feldspar. Rock fragments are dam&ted by Masse&like rhyolite, basalt, 
and Cape Knox type porphyry, but granitic fragments of many types are common. 
Metamorphic rocks, quartz-muscovite schists, and micaceous quart&es form a 
small but consistent component. Mica, mostly biotite, forms an important minor 
mineral and in some lamina forms 50 per cent of the rock. Heavy minerals are 
also important, particularly in the micaceous laminae. A wide range is present 
dominated by hornblende but including clinozoisite, epidote, sphene, garnet, tour- 
maline, apatite, and zircon. 

The siltstones are similar to the sandstones, except that they contain much 
less feldspar and much more mica in a generally calcareous and not rarely carbo- 
naceous matrix. 

In summary the Skonun Formation continues the trend set in the arenites of 
the Queen Charlotte Islands of becoming successively more quartzose and less lithic 
with succeeding units (see Fig. 16 and p. 163). 

Stratigraphy.-The Skonun Formation is named after Skonun (originally 
Chow”) Point, where it outcrops more boldly and displays a greater thickness 
than at any other natural exposure. However, it leaves much to be desired for a 
type section, especially when compared to the subsurface sections of the wells. It 
is these rather than the Skonun Point exposure that should form the standard. 

At Skonun Point the exposure can only be viewed adequately at very low tide, 
and even then outcrop is scattered sparsely over 4,000 feet of beach. The outcrops 
form part of an east-west anticline that plunges gently to the west and is slightly 
arcuate in plan, concave to the north. Dips on the north limb are uniformly about 
20 degrees north and on the south range from about 50 degrees south near the 
axis to about 25 degrees 500 feet farther south. To reconcile the differing strati- 
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graphy of either flank, a fault is necessary and must roughly parallel the axis and 
drop the north side. 

The largest outcrop, at the point itself on the north flank of the fold, exposes 
about 75 feet of compact, light-grey, buff-weathering, shelly, calcareous sandstone 
with rare pebbles and very rare cobbles in beds mostly 6 inches to 2 feet thick. 
Some beds contain planar cross-strata with foresets all dipping more steeply to the 
north than the main bedding planes. On strike and about 400 feet west, similar 
sandstone is irregularly cut and tilled by and intercalated with pebble conglomerate 
that contains some cobbles. Masset basalt, hornblende diorite, and Skonun sand- 
stone are all prominent in the clasts. About 1,CKlO feet east of the Point on the 
intertidal beach, about 50 feet of sandstone is exposed, which appears to underlie 
the shelly sandstone of the Point by about 75 feet. South and east of the 50 feet 
of sandstone and wrapping partially around the plunging nose is a sequence of 
interbedded lignite and silty shale some 230 feet thick. These are overlain by 90 
feet composed of thick beds of calcareous sandstone with some carbonaceous 
lamina: separated by intervals of no exposure which arc probably underlain by 
shales or non-calcareous sandstone. The tough fibrous lignite weathers in relief 
and is well exposed, but the intercalated shales are scarcely exposed at all. Mac- 
Kenzie (1916, p. 179) quotes a fragmentary report of a diamond-drill hole in 
which 13 beds of lignite separated by clay arc described. Currently nine lignite 
beds are exposed, of which the thickest is 3 feet (6 feet in the drill hole) and the 
aggregate about 20 feet. The sandstones of the southernmost exposure are similar 
to those of the north limb east of the Point. If they are correlative, then fault 
movement not less than 200 feet is indicated, and the total section at Skonun Point 
is about 470 feet thick, of which the upper 75 feet are definitely marine deposits 
of shallow water to shoreline nature, and the lower 230 feet are definitely non- 
marine. Hence, although the type locality is inadequate in most ways, it is in fact 
moderately representative. 

Fig. 19. Fence diagram, Skonun Formation. 
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Other surface exposures are scattered from the mouth of Chinukundl (Miller) 
Creek, along the lower Yakoun River, along Masset Sound from Collison Point to 
the Watun Creek, at Yakan Point, and at Tow Hill. None contains as thick a 
section as at Skonun Point. The first three localities are primarily poorly lithified 
sands with minor shale or clay and some pebbly or shelly sandstones. At Chinu- 
kundl Creek several stringers up to a foot thick of woody lignite are exposed and 
coarse planar cross-bed sets of coarse sands with foreset beds dipping about 20 
degrees east and top sets less than 10 degrees in various orientations. Along the 
Yakoun River some diatomaceous clays up to 12 inches thick occur interbedded 
with the festoon cross-bedded sands, which indicate a general current orientation 
to the north-northwest. The exposures at low tide along Masset Sound yield fossils 
that may be Late Pliocene or Early Pleistocene, and these sandstones grade upward 
into pebbly claystones that may be glacial marine drift. There is some doubt about 
the precise relation to the Skonun Formation. At Yakan Point light-grey cal- 
careous sandstone in coarse planar cross-bedded sets with some marine shells and 
pebbles overlie fine olive sandstone and claystone with carbonaceous debris and 
leaves on bedding planes. Under the main sill at Tow Hill, slightly baked claystone 
and s:lty shale occur. 

The stratigraphy of the Skonun Formation is best shown by the wells. The 
columnar sections (Fig. 20) were prepared from examination, of core and cuttings 
and logs prepared by Richfield Oil Corporation and Shell Canada Limited. Figure 
19 is a fence diagram based on the same data and shows the salient features. 

The sections of the Tlell, Gold Creek, Nadu River, and Cape Ball wells arc 
very similar and rather unlike that of the Tow Hill well. Only a few hundred feet 
of Skonun occur in the Masset well. In all wells the precise definition of the bound- 
ary between Skonun Formation and Pleistocene deposits is problematic and those 
indicated are tentative. The base of the Skonun is reached in all but the Tlell and 
Tow Hill wells and is everywhere weathered Masset Formation basalt, basalt 
breccia, or rhyolite. The four southern wells have the following characteristics in 
COlIllllOll:- 

:- 

i 

At the Masset well there is 550 feet of unconsolidated sands, pebbly sands, 
and some silty clay, of which probably about the upper 200 feet is till, marine drift, 
etc., and the correlation of the remainder unsure. The section at the Tow Hill well 
is as follows:- 
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It is apparent from Figures 19 and 20 (columns and fence diagram) that the 
members evident in the southern wells thin and overlap toward the north and east, 
and that there was a subsurface ridge of Masset Formation separating the southern 
from the northern part of the basin. The rocks in both basins are generally similar, 
except for the abundance of conglomerates in the northern one, and they are of 
similar age, but they clearly are not correlatable as members, etc. 

Origin.-The Skonun Formation accumulated during the Late Tertiary in a 
fairly large basin subjected, at least on its margin, to alternating marine and non- 
marine conditions. The formation underlies all northeastern Graham Island, 
probably much or most of Hecate Strait, and possibly a significant part of Dixon 
Entrance (see Shor, 1962, which conld be interpreted to indicate the latter). The 
formation is part of Late Tertiary onlap of marine sediments on the western con- 
tinental margin but differs from most in being separated from the Pacific Ocean by 
an island barrier and sediment source and by a larger percentage of non-marine 
rocks. 

The part of the basin underlying the Queen Charlotte Islands is separated into 
two sub-basins by a ridge extending eastward from the vicinity of the Masset well. 
The facies and tectonics evident on either side of the ridge differ. In the southern 
part, sediments accumulated under a fairly stable regimen and now have gentle 
basinward dips increasing with depth, which probably result largely from compac- 
tion. In the northern part the tectonic regimen was more active. In the Tow Hill 
well, dips are steeper, about 25 degrees, partly from subsequent fault and fold 
deformation but also from high initial dips indicated by truncated slump structures. 

Much of the detritus can or must have been derived from the Queen Charlotte 
Islands, but some is unlikely to have been. The coarse clasts are dominated by 
Mass&like basalt, rhyolite, and porphyry, and they are unlikely to have had any 
other source. The siltstone and shale sharpstones that are found have an intra- 
formational source. Granitic rocks-hornblende diorite, quartz diorite, and pink 
granite--are all common, and all but the pink granite could have been derived 
from the islands. The metamorphic rocks that occur in small amount, however, 
are unknown in the Queen Charlotte Islands and must have originated from the 
mainland or southeastern Alaska. In contrast to earlier sedimentary units, the 
sand-sized material is dominated by quartz with feldspar, rock fragments, and lesser 
biotite and hornblende. The particles are generally angular so relatively unworked. 
Excessive quantities of quartz and biotite could not be der,ived from the Masset 
Formation, but although they could have been derived from adjacent exposed areas 
of older rocks in the islands, they likely came from a mainland or Alaskan source, 
as did the metamorphic component. 
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The environment of deposition alternated between marine and non-marine. 
In general, Skonun time was an interval of pulsing onlap. Units thicken and suc- 
cessively overlap onto the basin margin. There is a possibility that some of the 
thickening of marine units in the eastern wells may result from interfingering facies 
change basinward. The last deposition was a marine onlap in the Late(?) Plio- 
cene, which extended over a wide platform previously exposed or but thinly 
covered. Nevertheless, the percentage of the formation that is definitely marine is 
considerably less than either that which is definitely non-marine or that which is 
not definitely known. The marine environment is all shallow water, near shore, 
and the non-marine is all near sea-level and may include swamp, lagoon, lacustrine, 
and delta. Martin and Rouse ( 1966), considering the palieoecology of pollen from 
the Skonun Formation, concluded as follows:- 

” The topography probably was similar to that of today: low, relatively flat, 
close to the sea, swampy, or marshy. This is supported by the occurrence of gently 
dipping and interbedded marine and non-marine beds, together with interbedded 
lignite stringers. Swampy or marshy conditions probably prevailed over at least 
part of the area, as indicated by the presence of particular species. For example, 
Taxodium, the swamp cypress, and its Asiatic equivalent, Glyptostrobus, are well 
represented in Millar Creek Iignites; and both Myrica (cf. Myrica gale) and Car- 
pinus (cf. Carpinus caroliniana), which normally inhabit swampy areas and stream 
borders in extant floras, are present in the Skonun Point lignites. Dinoflagellates 
occurring in the Skonun Point shales, Tow Hill No. 2, and Yakan Point shales 
indicate a brackish water environment at the time of deposition. The beds of 
lignite are mostly allochthonous, approximately 30 cm thick, and are interbedded 
with coarse marine and fine marine and brackish water deposits that are often 
thin-bedded. This suggests an oscillating shoreline which at intervals flooded 
coastal swamps or marshes. Swamp and drier-habitat species are always found 
mixed together in the same deposits. This suggests that the swamp or peat areas 
were flanked by flat forest lands, with streams draining from inland areas into the 
swamps, probably much as at present in the region immediately back from the 
coast on northeastern Graham Island. 

“Not far inland from the coastal swamps or marshes, where drainage was 
adequate, the forest likely consisted predominantly of Quercus spp. and Alnus spp., 
together with many other anthophytes. Although conifer pollen grains are present. 
they never occur in numbers comparable to those of anthophytes. This contrasts 
markedly with the extant forest of the Queen Charlottes, where conifers are the 
main tree elements of the forest, and anthophyte trees are few in both numbers of 
species and individuals. In general the Skonun flora appears to represent three 
phases of coastal community: (1) a true forest-swamp type similar to that now 
found on the Gulf Coast in Louisiana (see Penfound and Hathaway 1938), with 
Taxodiacae, Alnus, Quercus, Polypodiaceae-Dennstaedtiaceae; exemplified by the 
assemblage in the Millar Creek lignites (Table II) ; (2) an Everglades or more 
open water type, characterized by three anemophilous genera (Quercu~, Afnus, 
Pinus) and spores of Polypodiaceae-Dennstaedtiaceae, exemplified in the Millar 
Creek and Collison Point shales; and (3) a more coastal, brackish water environ- 
ment, with Alnus, Corylus, Betula, and Pinus, and containing dinoflagellates. This 
type is exemplified in shales from Skonun Pt., Yakan Pt., and Tow Hill. 

“ The climatic conditions appear to have been relatively humid, and probably 
somewhat more temperate than those of the region today. The mean annual tem- 
perature was likely higher than that of today, with virtually no frost during the 
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year. This conclusion is suggested by the presence of plants such as Sequoia, Tam- 
dium, Metasequoia, Glyptostrobus, and a significant population of ferns, all of which 
thrive in moderately warm and moist climatic conditions.” 

In summary, it appears that a moderately rapidly sinking basin, possibly fault 
controlled at its eastern and northern margins, was filled to capacity with detritus 
from the proto-Queen Charlotte Islands and probably the mainland. Alternating 
marine and non-marine conditions resulted from either interrupted connection of 
the estuarine-like basin with the sea or irregular sinking of the basin or uplift of 
the source areas. 

Age and Correlation.-The Skonun Formation includes rocks fairly definitely 
of Miocene and Pliocene age. More precise dating must await further work both 
on the Skonun and elsewhere on north Pacific Coast Late Tertiary rocks. 

The writer’s collections are fairly sparse but are amplified by collections of 
many others. The following fauna was identified by F. J. E. Wagner, of the Geo- 
logical Survey of Canada, and the plant microfossil assemblages by H. A. Martin 
and G. E. Rouse, of the University of British Columbia (Martin and Rouse, 1966). 

Miss Martin and Dr. Rouse comment regarding the flora as follows: “ The 
microflora is generally similar to that obtained from the Sooke Formation on the 
west coast of Vancouver Island, which is most probably early Miocene. The 
abundance of Pterocarya sp. cf. oregoniana strongly suggests a late Miocene or early 
Pliocene age, and this range of age is all that can be confidently offered from the 
evidence available.” Their results have been published (Martin and Rouse, 1966) 
with no other suggestions regarding age of the Skonun Formation. 

Dr. Wagner suggests a Miocene age for the sparse fauna. Localities 3 and 4, 
however, may not actually belong to the Skonun Formation but may be part of a 
Pleistocene unit. Locality 4 is described by Dawson (1880, p. 869) under 
glacial deposits. However, at both 3 and 4 the fossiliferous sands are overlain by 
pebbly sands and gravel, sands and compact siltstones totalling from 50 to 100 feet 
before a bona fide till occurs. The following comment regarding megafossils 
collected by Shell Canada at locality 3 was received from S. Davidson: ” These 
megafossils consist of a boreal fauna with some North Atlantic and Arctic forms 
which indicate that this sample was deposited some time after the Bering Strait 
connection of the North Pacific Ocean with the Arctic Ocean was established in 
the latest Pliocene or earliest Pleistocene. Age Pleistocene (probably early Pleisto- 
cene) .” 
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An extensive collection from Skonun Point by Dawson (1880, p. 87~) was 
identified by Whiteaves with comments on state of preservation and range of 
species. A Pliocene or Miocene age was inferred. 

Collections by Richfield Oil Corporation indicate a probable Pliocene age 
for the Skonun Point fauna. The uppermost marine member of the Skonun Forma- 
tion was called the Cape Ball Formation and regarded from marine microfossils as 
probably Late Pliocene. 

Obviously correlation of the Skonun Formation cannot be made precisely at 
present. Its tectonic equivalent units on Vancouver Island, the Carmanah and 
Sooke Formations, range from Late Oligocene to Early Miocene so are probably 
mostly older. In the vicinity of Lituya Bay, southeastern Alaska, some 12,000 
feet of rocks very similar to the Skonun Formation range from Late Miocene to 
Pliocene in age. 

The Tow Hill sills are composed of olivine basalt. They are, as far as known. 
volumetrically insignificant compared with earlier volcanic units. They occur as 
outcrop only at Tow Hill and subsurface only in the Tow Hill well. In the past 
they have generally been correlated with basalt flows of the Masset Formation, 
from which some confusion regarding the relative ages of units has arisen. At 
low tide below the main basalt body, silty shale and sandstone of the Skonun 
Formation can be seen to be intruded and baked by small sills of related lithology. 
Core from the Tow Hill well shows shales above and below the main basalt are 
also baked, so that there is no longer any doubt about the intrusive and sill-like 
nature of these basalts. The form of Tow Hill suggests it was shaped by glacial 
erosion. Hence these sills were emplaced after the main part of the Skonun Forma- 
tion was deposited and prior to the end of glaciation, most likely in the Late Plio- 
cene or Earliest Pleistocene. 

The main sill at Tow Hill is some 350 feet thick and in the well the aggregate 
thickness is over 200 feet. 

Lithology.-The Tow Hill sills are composed of olivine basalt that, weathered 
or fresh, is a dark shade of brownish grey. The grain size varies from that of an 
aphanitic porphyry in the chill zone or in minor sills to a medium-grained diabase 
in the interior of the main sill. Columnar jointing is marked generally with penta- 
gonal columns about 4 feet in diameter extending from near sea-level continuously 
for 250 feet to the top of the cliff face. In addition, a very marked lamination that 
is normal to the columns weathers in relief in the tidal and splash zone. The result- 
ing differentially weathering bands are continuous over 50 feet or more and are 
about 6 inches apart. They do not appear to result from mineral concentrations 
but may reflect minor differences in deuteric alteration related to a cross-joint set. 

Microscopy.-The chilled basalt of minor sills is an aphanitic glomeroporphyry 
with randomly oriented groups of phenocrysts of plagioclase and olivine forming 
10 to 20 per cent of the rock. The fresh bytownite-labradorite laths average about 
1 millimetre long. The olivine is altered to a rim of chlorite with a core completely 
replaced by calcite, but the crystal shapes show the grains but little resorbed. The 
matrix is formed of plagioclase microlites with small chloritized olivine and iron- 
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ore grains in a chloritic matrix in which incipient crystals of pyroxene can be 
identified. 

The coarser specimens from outcrop and well core are good ophitic textured 
diabase composed of fresh zoned plagioclase and augite with fresh to highly altered 
magnesian &vine and minor vugs or interstices filled with chlorite and in some 
cases chalcedony. The modes estimated visually for three specimens are as 
follows:- “DlYme ,Drl 

PLUTONIC AND METAMORPHIC ROCKS 

Plutonic and metamorphic rocks underlie a significant part of the Queen Char- 
lotte Islands, but in comparison to the area underlain by stratified volcanic and 
sedimentary rocks it is minor. About one-eighth of the islands (48Ok square 
miles) is underlain by plutonic rocks and much less by metamorphic rocks. 

The plutonic bodies are of two general types-syntectonic and post-tectonic. 
These differ significantly in most of their features, but both are abnormally sodic 
in comparison with normal c&-alkaline rocks. Within the group designated as 
post-tectonic there may be s”me that m”re properly should be called late-tectonic, 
but these arc not readily distinguished. 

Contrasts between syntectonic and post-tectonic plutons occur in almost all 
aspects, including the appearance, fabric, and composition of individual specimens; 
bulk composition and range; amount and nature of inclusions; nature of contacts; 
type and width of metamorphic aureole. Syntectonic plutons are composed almost 
entirely of medium- to coarse-grained foliated hornblende diorite to quartz diorite 



containing oriented planar inclusions (see Plate Xle). The bodies may be large 
and are mostly elongated northwestward in a partly concordant manner. Border 
zcmes may be migmatitic and nearly everywhere contain abundant oriented inclu- 
sions. The border rocks are in most places Karmutsen basalts that have been dynam- 
othermally metamorphosed to line black amphibolites for a width of about a mile 
adjacent to steeply dipping contacts. In contrast post-tectonic plutons have a 
greater range of composition covering the complete spectrum of normal types from 
diorite to granite but on the average more acidic, and in particular matic poor and 
alkali feldspar rich in contrast to quartzose syntectonic rocks (compare Figs. 22 
and 23). Most post-tectonic bodies are composed of line-grained equigranular 
rocks, but some are porphyritic and a few coarse grained. Miarolitic cavities are 
common in some bodies. Inclusions are relatively few and are commonly angular 
and may be recognizable as to origin. The average size of post-tectonic plutons is 
smaller and the shape more varied in plan and section. Migmatites and foliation 
arc absent. Border rocks, which are more varied in original type, have been 
thermally metamorphosed in aureoles a few hundred to thousands of feet wide ad- 
jacent to steep contacts. However, some broad areas of hornfels have resulted 
frsm the interplay of topography with pluton shape, in which case plutonic rocks 
occur in the deeper valleys or at shallow depth. Photographs of hand specimens of 
s+ectonic and post-tectonic types showing the characteristic textures form Plates 
XIVB and XV A and B. 

From these briefly described characteristics it can be seen that the syntectonic 
bodies are mesozonal, whereas the post-tectonic are epizonal (Buddington, 1959, 
pp. 676-680, 695-697). It is also apparent from the descriptions to follow that 
the syntectonic bodies were emplaced during a period of stress and a time at least 
roughly coincident with major deformation, whereas the post-tectonic intrusions, 
where dated, are younger than all significant deformation. 

The distribution of the syntectonic plutons is not random, for they are concen- 
trated along the west coast (see Fig. 21). The two largest are the San Christoval 
Batholith and the West Kano Batholith, both along the west coast. In addition, there 
are smaller bodies at the following localities: Kunghit Island, Luxana Bay, Bischoff 
Islands, Sedgwick Bay, Buck Channel. 

The syntectonic bodies tend to be elongate and oriented parallel to the west 
coast of Moresby Island. The San Christoval Batholith is about 50 miles long, 
3 to 6 miles wide, and oriented about north 40 degrees west. This orientation 
conforms closely with that of the dominant northwesterly faults and also with the 
general strike of the enclosing rocks. The details of contact type and relationship 
vary widely from sharp discrete intrusive contacts to multiple dykes separating 
screens of amphibolized country rocks, igneous breccias, and migmatitic zones to 
vague gradational borders. In spite of this diversity a valid generalization is that 
the western contact everywhere seems to dip steeply eastward (65i degrees) and 
to conform with the strike but truncate the dip of the wallrocks. The latter, how- 
ever, have a second foliation roughly parallel to the contact. Relationships on the 
east are somewhat more diverse, but the contact also generally dips steeply eastward. 
Foliation within the batholith conforms fairly closely to the attitude of the walls 
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adjacent to them, and toward the centre normally strikes subparallel to the long 
axis of the batholith and dips at various steep angles. 

In contrast to the San Christoval Batholith, which is well exposed, most of the 
West Kano Batholith is covered by water or younger rocks, or intruded by younger 
rocks (central Kano Batholith). Only some 44 square miles is exposed, but the 
actual size must be three times as large. Migmatitic zones at Kindakun and Hunter 
Points and Marble Island indicate the western border is likely along this line, and 
judging by the foliation of the migmatites and the faulted contact on Marble Island 
it probably dips steeply eastward. 

The form and contact relations of the Kunghit pluton are similar to those of 
the San Christoval. However, water covers much of the former body, so that it is 
less well known, but it is judged to extend at least to Anthony Island because ex- 
posures there share a slightly distinctive petrology. The remaining plutons are 
small lens-shaped bodies that commonly are inhomogeneous and have gradational 
to migmatitic border zones. The lens-like bodies on Buck Channel are the largest 
representative of a swarm of small plutonic bodies within a large metamorphosed 
area of Karmutsen basalts between Skidegate and Inskip Channels. The Lurana 
Bay pluton is entirely composed of layered migmatites that have a uniform steep 
northeast dip. 

Particular significance is attributed to the relationship between metamorphosed 
Karmutsen Formation, migmatites, and plutonic rocks revealed in the area between 
Skidegate and Inskip Channels. Here dynamothermally metamorphosed rocks are 
widely developed, but definite plutonic rocks are minor. A great variety of rocks 
of fairly similar mineralogical composition but very diverse texture occur. The 
origin of sxne of these is obvious; for example, much of the area is composed of 
fine amphibolites that are clearly metabasalts because they grade perceptibly out- 
ward through rocks with vague quartz clots to pillow basalts with quartz-rich inter- 
stices. Other rocks are just as clearly intrusive dykes of quartz diorite. On the 
other hand, considerable areas occur in which the origin of the rocks is not clear 
and contacts are gradational, vague, or irregular networks. The rocks concerned 
grade from fine amphibolites to fine amphibolitic gneiss, to porphyroblastic gneiss, 
to medium-grained gneiss and foliated quartz diorite. Locally, especially in the 
areas of gneiss, there will be irregular clots and veins of aplite and basic pegmatite, 
or coarse quartz diorite. These mottled and migmatitic areas may grade into 
foliated diorite or quartz diorite indistinguishable from that of normal syntectonic 
plutons, or into diorites of highly irregular poikilitic grain. 

The syntectonic plutons are composed primarily of medium- to coarse-grained 
hornblende diorite to quartz diorite that is uniform in appearance but ranges either 
side of the quartz diorite boundary. In hand specimen these are generally good 
fresh black and white rocks, visibly foliated, with obvious hornblende, plagioclase, 
and quartz, with or without minor biotite (see Plate XIVe). In outcrop, inclusions 
form a significant part, rarely less than 5 per cent. Every sort of gradation occurs 
from this percentage of inclusions to amphibolites with a few veinlets of quartz 
diorite or to fine amphibolitic gneiss with porphyroblastic augen and lenses of quartz 
dioritic material. Migmatites of varied appearance but with subequal amounts of 
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medium-grained diorite to quartz diorite and fine amphibolite are common. Prom- 
inent amongst the variety of migmatitic types are:- 

(1) Regularly layered quartz diorite and amphibolitic gneiss (venite; ex- 
ample, Luxana pluton) 

(2) Regularly oriented flattened ablate spheroids of tine amphibolite in a 
coarser dioritic matrix (example, north shore Gowgaia Bay). 

(3) Regularly oriented, elongate, slightly wavy, fish-like inclusions of fine 
amphibolite in a coarser dioritic matrix (nebulite, very common; examples, 
south shore of Gowgaia Bay and Cadman Island). 

(4) Irregular but vaguely planar amphibolitic gneiss inclusions in a ramifying 
dioritic matrix (agmatite; examples, north shore of Gowgaia Bay and 
Kindakun Point) 

(5) Mixed rocks of obvious metasomatic origin (example, roof pendants of 
the West Kano Batholith; these areas are composed of heterogeneous 
rocks of widely varying appearance in detail with generally vague grada- 
tional boundaries, common amongst them being fme-grained amphibolites 
with randomly distributed but irregularly spaced feldspar porphyroblasts). 

The mineralogy of the diorite and quartz diorite is simple and constant, and 
the composition varies only within certain limits. The principal constituents are 
plagioclase, hornblende, and quartz with or without some biotite and rarely minor 
potash feldspar (see Plate XIVe). Constant accessories include iron ore, sphene, 
and apatite. The mineral composition of specimens that were examined micro- 
scopically from all important syntectonic plutons is shown on Table XVII, together 
with the range of composition for specimens from the San Christoval and West Kano 
Batholiths. The figures shown are visual estimates controlled by comparison with 
charts and checked in several instances by modal analyses. Modes for specimens 
examined microscopically are considered to be a representative sample of a much 
lareer suite examined carefullv bv hand-lens. Not reorescnted in these fieures and 
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tables is the contribution of the amphibolitic inclusions. 
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Two specimens from the San Christoval Batholith have been chemically ana- 
lysed. Both are quartz diorites of rather similar composition and are considered 
fairly typical of the San Christoval rocks but more quartzose than the average. The 
analyses and modes are shown on Table XVIII together with those of post-tectonic 
analysed specimens. 

In most syntectonic rocks, plagioclase is the dominant mineral and is unzoned 
or at most weakly zoned andesine. Bent twin lamellae are common, as is a fair 
preferred orientation with C-axes in the foliation plane. Hornblende forms about 
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a quarter of the rock and occurs in poikilitic euhedral crystals and gioups of crystals 
with small included plagioclase, magnetite, and sphene crystals. It has a good to 
fair preferred orientation with C-axes in foliation plane. Quartz varies in amount 
and habit. It may form 5 to 25 per cent of a rock and may occur in a variety of 
modes, including the following: Scattered small interstitial grains, trains of small 
grains in layers with hornblende, large irregular but generally lenticular grains, 
ophitic interstitial grains with extensive optical continuity. All these modes may 
show strain, shattering, granulation, or polygonal mosaic recrystallization. Potash 
feldspar is rarely present, and then a minor constituent as small interstitial grains. 
Biotite occws as large grains that seem in some cases to replace earlier hornblende. 
Cleavage commonly is not oriented in the foliation. Accessories include iron oxides, 
sphene, apatite, and zircon in order of abundance. All are most commonly associ- 
ated with hornblende. Iron ores may form nearly 2 per cent and sphene may form 
nearly 1 per cent of a rock. 

The alteration of these rocks is normally slight. Most specimens are fresh but 
in some plagioclase is extensively sericitized, hornblende may be partly altered to 
biotite or chlorite, and biotite may be interleaved by chlorite. Rarely more intense 
alteration occurs with plagioclase saussuritized, hornblende partly changed to clino- 
zoisite, and biotite changed to an interleaved mixture of chlorite: and clinozoisite. 

Fig. 22. Compositional diagram, syntectonic plutons 
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Figure 22 shows the mineral composition data in a plot of quartz against total 
femic constituents, this latter including the anorthite content of the plagioclase. 
The only significant felsic constituent other than quartz is the albite content of the 
plagioclase as the potash feldspar contribution is negIigib1e. The figure shows the 
high femic content of all these rocks, which together with the wide range of quartz 
content (from 3 to 21.5 per cent with a concentration about 10 per cent) is charac- 
teristic. Figure 25 shows, against the same ordinate and abscissa, the averages 
and extremes for all plutonic groups, post-tectonic as well as syntectonic. The tie 
lines connect points representing maximum quartz and maximum femic, not in 
the same specimen, with minimum quartz and femic for the whole group. The 
averages should and do fall close to the tie lines. For the syntectonic plutons the 
averages fall along a line that is the same as the trough if the data of Figure 22 is 
contoured. This may be taken to represent the syntectonic trend. 

Microscopic foliation in syntectonic rock is normally apparent and results not 
only from fair to good preferred orientation of the hornblende and less obvious 
preferred orientation of the plagioclase laths, but also from slight mineral banding 
of hornblende and quartz-rich layers in contrast with plagioclase-rich layers. The 
foliation on all scales, the planar nature of inclusions, the slight gneissic mineral 
layering, and preferred orientations, the nature of the plagioclase and quartz, and 
the late granulation of the latter all indicate relative movement during crystalliza- 
tion and to a lesser extent after crystallization was essentially complete. In one 
pluton, penetrative movements have been far more drastic. The Luxana pluton is 
formed entirely of very regularly banded migmatites that can be seen microscopi- 
cally to be extremely cataclastic in both the coarser dioritic bands and tiner ampbi- 
bolitic gneiss bands. Mineral layering occurs on a fine as well as coarse scale, 
hornblende and sphene preferred orientation is excellent, plagioclase occurs as 
lenticular grains with few twin lam&z and these bent or erratic, and quartz is 
reduced to a milled-out sequence of very small grains. Evidently movement con- 
tinued from protoclastic stage almost to the mylonitic. 

Described examples of similar plutons are relatively rare. Buddington (I 959, 
p. 712) only mentions one that is in many respects similar, and this is the Pinckney- 
ville Batholith of Alabama (Gault, 1945, pp. 181-246), which is similar in com- 
position and structure but occurs within a schistose metamorphic terrain that does 
not seem to be derived from basic volcanic rocks. Similar plutons are also known 
on the west coast of Vancouver Island. 

The age of the syntectonic plutons is not known very accurately from field 
relations. They all cut Karmutsen Formation and many intrude Kunga Forma- 
tion, but none are in contact with rocks unequivocally of the Yakoun Formation. 
The syntectonic bodies are intruded by post-tectonic bodies, are overlain by the 
Masset Formation, and provided detritus to the Honna Formation and probably 
the Haida Formation. Therefore, from the field relations these bodies are younger 
than Early Jurassic and older than Late Cretaceous. Their age may well be closely 
similar to that of the Yakoun Formation with final emplacement somewhat younger; 
that is, Late Jurassic. It is hoped a potassium-argon age will be available soon so 
that doubt will be removed. 
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POST-TECTONIC PLUTONS 

The post-tectonic plutons are distributed more widely than the syntectonic, 
and occur from coast to coast, many being on the east (see Fig. 21). They occur 
in groups that have in most instances ccnnmon characteristics that appear to relate 
them, adding weight to spatial association. There are some 20 plutons divided into 
five groups and several single bodies. The total exposed area of these plutons (2 10 
square miles) is less than that of the syntectonic, and none are nearly as large; few 
are in fact batholiths. The groups that will be discussed are, from north to south, 
as follows:- 
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In addition there are some minor bodies, in effect large dykes and some small 
plutons on northeastern Louise Island that may belong to the Sandspit Group. 
Several of the bodies listed above are divided on the map by water, but continuity 
is reasonably assured. 

The form of individual plutons varies widely, but many are irregular in plan, 
partly as. a result of the interaction of roof elevation and topography. The groups 
form linear assemblages, and some of these are definitely related to major north- 
westerly fault lines in a manner unlikely to be accidental. For example, the Louise 
plutons are like beads along the Louscoone-Rennell Sound fault and the Sandspit 
plutons along the Sandspit fault. Several of the minor bodies are also along major 
fault lines. The Langara and southern plutons form linear associations but are not 
associated with any known major faults. 

Contacts of these plutons are generally sharp and truncate structures in the 
wallrocks. Certain contacts, such as the western one of the Pocket Batholith, have 
a gross “ exploded ” breccia of country rock in a plutonic matrix (see Plate XIA), 
the whole being several hundred yards wide. The same pluton and several others, 
such as the Lagoon and Louise, have well-defined sharply intruded roofs. Some, 
such as Louise and Talunkwan plutons, are called separate plutons but certainly 
are joined by a saddle lower than the topography judged by aeromagnetic patterns 
and the extent of hornfels. All sizable bodies have a hornfelsic metamorphic 
aureole, the volume of which bears some relation to that of the pluton, although 
the surface area is related more to accidents of juxtaposition of topography and 
roof areas. 

The post-tectonic plutons show more range in composition collectively and in- 
dividually than do the syntectonic; nevertheless post-tectonic ones over all have a 
similar mineralogy, texture, and structural features which unite them and distinguish 
them from the syntectonic plutons. The post-tectonic rocks are commonly fine to 
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medium grained but may be coarsely porphyritic (see Plates XVA and B). On the 
average they are lighter coloured with less mafic minerals and more quartz than the 
syntectonic. Microscopically they are characterized by highly but normally zoned 
euhedral plagioclase, significant potash feldspar, hornblende, and biotite in subequal 
amounts, and myrmekite in the acidic specimens. Miarolitic cavities are common 
in some bodies. Foliation is seemingly absent and inclusions are normally sparse, 
equant in shape, and unoriented. 

A large number of specimens from all plutons was examined in hand speci- 
men, and a representative suite of 43 specimens was examined microscopically. 
The composition of these specimens was estimated visually by comparison with 
charts, and some were checked by modal analyses. The data of average mineral 
composition and range of composition of the distinct groups of plutons is shown 
on Table XIX. Three specimens from diverse plutons were chemically analyzed: 
a very basic quartz diorite from the Jedway stock, an acidic quartz diorite from the 
central phase of the Kano Batholith, and a sodic granite porphyry from the Pocket 
Batholith. The analyses and modes are shown on Table XVIII. In Figure 23 for 
all specimens examined microscopically quartz content is plotted against total femic 
constituents, this latter including the anorthite content of the plagioclase. By 
examining these tables and figures and comparing them with Table XVII and Figure 
22, it can be seen the post-tectonic plutons range in composition from diorite 
nearly as mafic as the syntectonic ones to leucogranites considerably more quartzose 
and mafic poor than the syntectonic quartz diorites. The average of examined 



post-tectonic specimens is a granodiorite near the quartz monzonite boundary. A 
great majority of specimens fall close on either side of a straight-line trend from 0 
quartz and 70 femic to 35 quartz and 0 femic, and the averages for the post-tectonic 
plutonic groups with one exception are also right along this trend line (see Fig. 
25), which may be considered the post-tectonic trend line. 

Although the percentage compositions vary, the bulk of specimens have fairly 
similar mineralogy and texture. Normally these rocks are formed of dominant 
plagioclase in well-zoned euhedral laths in some cases with irregular or incomplete 
albitic or potassic outer rims. The core is generally andesine but may be labrador- 
ite and the rims andesine to oligoclase. Quartz and potash feldspar occur in sub- 
equal amounts in an anhedral mosaic interstitial to the plagioclase and hornblende 
crystals. The potash feldspar is normally microperthite, but in a few specimens 
is microcline; however, in the Sandspit and Langara associations it is orthoclase. 
In acidic specimens, myrmekitic and micrographic textures, are common either as 
matrix or fretted borders to feldspars. In porphyritic plutons such as Pocket Inlet 
and Skidegate Channel, euhedral to resorbed quartz phenocrysts and subhedral 
microperthite phenocrysts are the rule. Hornblende is normally the most abundant 
primary mafic mineral and is euhedral but may occur in knots with or without bio- 
tite. Biotite is only the dominant primary mafic mineral in the more acidic speci- 
mens or plutons and occurs as large subhedral grains and aggregates. Pyroxene 
is virtually absent, except in the Langara plutons, where hypersthene or, more 
rarely, augite are common and amphibole rare. Accessory minerals are rarely 
rn~re than a few pa cent of the rock and are dominated by iron oxides with some 
apatite, sphene, and zircon in most specimens. Alteration is generally slight, potash 
feldspar is clouded, plagioclase may be sericitized or partially replaced by late 
albite, and the mafic minerals may be altered to chlorite wholly or partially. Rarely 
new fibrous amphibole replaces primary hornblende. 

The plutonic associations and the individual plutons do have some distinct 
characteristics and variations from the normal petrology. These are listed below:- 
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Group Pluto” I Characterktics 

k 

Although most seem to be relatively young, the post-tectonic plutons may not 
be all of one age. Certainly many intrude or metamorphose Cretaceous and Early 
Tertiary rocks. Critical relations have not been seen at some of the most important 
plutons. The following list summarizes the known relations:- 

Unmctamorphosed 
faulted contact with 
slronun Forma,ion. 
“aida Formation? 
Haida Formation? 

If all are of one age, they likely are of Late Eocene age. If some are pre- 
Masset or even pre-Haida, then they are Early or Late Cretaceous and Eocene age. 
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METAMORPHIC ROCKS 

Metamorphism has not been so widespread nor so intense that there are many 
areas where there is doubt about the original nature of any rocks nor the strati- 
graphic unit to which they belong. Metamorphic rocks are, for the most part, 
directly associated with plutonic bodies and, as with these, are chiefly of two kinds: 
amphibolites associated with syntectonic plutons and hornfels associated with 
post-tectonic. The typical amphibolites are fine-grained gneisses of amphibole, 
plagioclase, quartz, and iron ores. The hornfels are more variable but generally 
are non-foliated rocks containing fine new pyroxene, and (or) epidote, zoisite, or 
clinozoisite, and biotite or chlorite. Two groups of metamorphic rocks occur in 
lesser amounts: chloritic schists and schistose plutonic rocks associated with certain 
fault zones, and metasomatic skarns. 

Figure 24 shows the distribution of metamorphic rocks and their close rela- 
tion to plutonic bodies and to certain faults. In general, the amphibolitic facies 
adjacent to the syntectonic plutons are more intensely developed than the hornfelsic 
aureoles of the post-tectonic plutons, and the former may have true widths of about 
a mile, whereas any broad area of hornfels is either certainly or suspectedly under- 
lain at no great depth by plutonic rocks. One broad area of amphibolite, about 60 
square miles, occurs with but minor plutonic rocks exposed and several broad areas 
of mild hornfelsic metamorphism occur with no evidence of plutons. 

The amphibolites form aureoles about the syntectonic batholiths that are broad 
with respect to the average width about post-tectonic plutons but are nevertheless 
rather narrow. Generally they are less than a mile wide, and only in the area be- 
tween Skidegate and Inskip Channels do they occur in a broad zone of some 60 
square miles with but minor plutonic rocks. The syntectonic batholiths are em- 
placed within the large masses of the Karmutsen Formation, and except for minor 
contact with the Kunga Formation all other rocks in contact with them are younger. 
The small amount of Kunga limestone in contact with the syntectonic pluton is 
marbleized or locally metasomatized. Hence the amphibolites are formed essentially 
from one general rock type, sodic basalt. The basalt originally contained no 
amphibole, and it is the principal characteristic of the metamorphic rocks that 
they now contain abundant green hornblende. 

The amphibolites typically are fine-grained, foliated, very dark green to 
greenish-black rocks that on intensive weathering take on a characteristic fine 
mottling of white and dark grey-green. They do, however, vary considerably from 
very coarse rocks of similar nature to very fine essentially unfoliated rocks that are 
difficult to distinguish from unaltered basalts in the field. These latter, of course, 
grade into slightly altered basalts and greenstones, and the typical fine-foliated 
amphibolites grade into similar rocks of more felsic nature and into migmatites of 
mixed amphibolite and diorite or quartz diorite. 

Microscopically the amphibolites are seen to be composed of subequal amounts 
of an amphibole, generally green hornblende, but in some cases cummingtonite 
and plagioclase, generally andesine, with lesser quartz and iron ores and in some 
cases chlorite, biotite, or clinozoisite. The texture varies considerably, but most 
commonly is one of well-oriented fine euhedral amphibole prisms that may be 
raggedly terminated between which plagioclase and secondary quartz occur. Pal- 
impsest plagioclase phenocrysts may be recognized, and large poikilitic porphyro- 
blasts of hornblende are fairly common. Some of the coarsest amphibolites occur 
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Fig. 24. Distribution of metamorphic and plutonic rocks. 
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in the screens between the San Christoval and Pocket Batholiths, and in many in- 
stances these do not have a good foliated fabric. 

The typical amphibolites grade outward through fine amphibolites which are 
scarcely discernible as such in the field to altered basalts and greenstones in which 
line new clinozoisite, albite, and chlorite partially replace previous pyroxene, plagio- 
claw, and original matrix. Amygdules may contain coarse quartz, clinozoisite, 
chlorite, pumpellyite, or prehnite. Minor fine fibrous actinolite may also occur, 
and olivine phenocrysts are entirely altered in some instances to talc. 

These mineralogical assemblages correspond well with those of Abukuma-type 
facies series (Winkler, 1965, pp. 98-107) or those developed at relatively low 
pressures in comparison with the temperatures reached. Because only basic vol- 
canic rocks are involved in the metamorphism, it is difficult to precisely identify 
the subfacies involved. In the main inner part of the aureole the sillimanite- 
cordierite-muscovite-almandine (A 2.2) or sillimanite-cordierite-orthoclase-alman- 
dine (A 2.3) subfacies of the cordierite-amphibolite facies would seem to be in- 
volved because of the green colour of the hornblende or the abundant presence of 
cummingtonite. In the peripheral mne the quartz-albite-muscovite-hiotite-chlorite 
subfacies (A 1.1) of the greenschist facies is identified by absence of actinolite. 

Two post-tectonic bodies have amphibolitic aureoles, one of which is inherited 
and one which appears to have formed during past-tectonic intrusion. Pocket 
Batholith has a fringe of amphibolites on its western contact as well as in the 
screen partially separating it from the San Christoval Batholith. Without doubt 
the amphibolites owe their origin to the thermal and tectonic conditions existing 
during the emplacement of the syntectonic pluton with subsequent recrystallization 
during emplacement of the post-tectonic pluton. The coarseness and genera1 lack 
of foliation of the amphibolites of the screens support this conclusion. The Jedway 
stock also has a partially amphibolitic aureole. These amphibolites are developed 
in only part of the Karmutsen Formation where it is in contact with the stock and 
differ from the normal amphibolites in being very chloritic, containing new diopside 
in addition to amphibole, and generally lacking foliation. Much of the remainder 
of the aureole is fairly typical hornfels. The amphibolites of the Jedway stock 
border probably result from the combination of higher average temperature of em- 
placement of the Jedway diorite in contrast to that of the more acidic remainder of 
the southern plutons and the accidental result of its emplacement into the Karmutsen 
Formation. 

The hornfelsic rocks form aureoles about the post-tectonic plutons of quite 
variable width, but except in roof areas are narrow, and the intensity of metamor- 
phism commonly grades rapidly to relatively unaltered rocks. The aureole of some 
plutons at steeply dipping contacts may be limited to a few tens of feet but may 
be several thousand feet. In general, broader aureoles indicate gently dipping to 
flat contacts. Areas of mild homfels over fairly broad areas between Bottle Har- 
bour and Tasu Sound in the Masset Formation may indicate a post-tectonic pluton 
at shallow depth, possibly related to magma chambers for the later flows. The 
hornfelsic area between the western end of Dana and Logan Inlets is related in- 
directly to the fault and may indicate a small covered pluton similar to ones that 
OCCUI elsewhere along the same fault line. 

The post-tectonic plutons intrude the whole range of rock types and most 
formations on the islands. As would be expected, they are thus fairly diverse in 
appearance but are surprisingly uniform in mineralogy. Most hornfelsic rocks have 
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lighter colours than their original counterparts and more commonly have intense 
rusty-weathered surfaces. Common colours of fresh hornfels are light greyed greens 
and browns. The original dark colour of many of the sedimentary rocks results 
from dispersed carbonaceous matter which is driven off and (or) combined on 
mild metamorphism. In particular, the Kunga black argillites are changed to 
rusty-weathering light-greenish to mauve to light-grey rocks. Dark-grey and 
greenish-grey sandstones of many units are changed to mid-brown dense isotropic 
rocks. Similarly, many dark-green volcanic rocks have become rusty-weathering 
light-green rocks. 

The new minerals formed in hornfelsic rock are diopside; clinozoisite, epidote, 
or zoisite; actinolite, biotite, chlorite, albite, and sphene. Fine diopside is present 
in the higher-grade hornfels formed from the tine-grained sedimentary rocks. 
Either clinozoisite, epidote, or zoisite is present in all hornfels, and may be a major 
constituent and of coarse grain in the higher-grade rocks or just minor fine por- 
phyroblasts within original grains in the lower-grade rocks. Fine fibrous actinolite 
is present chiefly in the rocks of volcanic or volcanoclastic origin, but also in the 
arenaceous rocks. Porphyroblastic chlorite and new albite are common in lower- 
grade rocks and fine brown biotite is common throughout, particularly the arenace- 
ous rocks. Ragged sphene porphyroblasts are common in the metasedimentary 
rocks. In summary, the homfelsic aureoles range from hornblende homfels facie 
at the contact to albite-epidote facies at the periphery. The latter facies is found 
at the border of a few plutons. 

The fabric of hornfels is granoblastic to porphyroblastic, the degree depend- 
ing roughly on proximity to the contact. In very rare instances some rocks within 
the hornfelsic aureole may have an oriented fabric usually only apparent micro- 
scopically. Some of the marginal rocks of sedimentary origin on the eastern con- 
tact of the Louise Batholith have a cataclastic overlay and an oriented hornfelsic 
recrystallization. 

Schists are rare and local in the Queen Charlotte Islands. Most are parts of 
fault zones, and all sizable schist zones are related to large faults. Within some 
of the schist zones there are schistose to massive variably contaminated granitoid 
rocks, and lesser amount of massive metamorphic to metasomatic rocks of uncertain 
origin. Many of the schists have clearly been derived from basalts of the Karmutsen 
Formation, and many black carbonaceous schists from Baggy Kunga argillites. 
Along the Louscoone fault zone the width of schist along lower George Bay is 
greater than several hundred feet and has within it horses of less schistose material. 
The foliation results from abundant growth of chlorite. 

Metasomtic skarns are economically important and widely distributed but 
volumetrically insignificant. The main mineral deposits of the islands are of meta- 
somatic origin and are described in greater detail in Chapter V, particularly on 
pages 169 to 172. Skams are associated with both syntectonic and post-tectonic 
plutons; however, the mineralogy of rocks mildly metasomatized is really not very 
different than that produced by hornfelsic alteration. The rocks affected are more 
commonly greenstones adjacent to limestone than limestone itself. In the green- 
stones and dyke rocks of metasomatic areas the widest halo is an intense chloritiza- 
tion. More restrictedly dense porphyroblastic growth of epidote and actinolite 
occurs, or, more rarely, epidote and anthophyllite. Even more restricted is mineral- 
ization of garnet, with or without magnetite and sulphides. In adjacent limestone 
the widest alteration involves bleaching and variably coarse recrystallization, and 
the most intense alteration replacement by garnet and tremolite, with or without 
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magnetite, and sulphides. A rare instance of boron metasomatism is indicated by 
Yakoun-like lapilli tuffs that have been changed to a patchy aggregate of dumortier- 
ite, tremolite, and epidote. These rocks were discovered as float on the shore north 
of Skidegate near the Chinukundl pluton. 

The origins of plutonic and metamorphic rocks of the Queen Charlotte Islands 
are clearly interrelated, judged by their spatial association and chemical and min- 
eralogical nature. The post-tectonic plutons are ringed by hornfelsic aureoles which 
clearly resulted from the emplacement of the plutons. Similarly, the syntectonic 
plutons are ringed with aureoles that, though bigger and of dynamothermal type, 
just as clearly are related to the thermal event that includes the emplacement and 
probable generation of the syntectonic batholiths. The amphibolites and syntec- 
tonic plutons are mesozonal, whereas the hornfels and post-tectonic plutons are 
epizom& and this is in keeping with their relative ages and the possibilities for ex- 
tensive erosion. Figures 22 and 23 emphasize the difference between the two types 
of plutons, but the consanguinity of them is shown by their chemical nature. In 
comparison with normal c&-alkaline rocks and in relation to their silica content, 
all are sodium, iron, magnesium, and calcium rich and potassium poor. 
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Fig. 25. Diagram of average and extreme composition, all plutons. 
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The evidence of internal and external structure indicates the syntectonic batho- 
liths moved upward and slightly westward within or into the great layer of the 
Karmutsen sodic basalts. The field relations in the large area of amphibolites. amphi- 
bolitic gneisses, and minor plutonic rocks within a mass of Karmutsen basalts south 
of Skidegate Channel suggest that the metamorphic and plutonic rocks may all have 
been generated from the basal& the amphibolites by recrystallization and the plu- 
tonic rocks by differential melting and mobilization of migmatized rocks. In and 
about the other syntectonic bodies the origin of the migmatites is not always obvi- 
ous, but at least some seem to have been generated by partial melting and recrystal- 
lization or similar processes in a stressed medium. The lack of zoning in the plagio- 
clase could be a result of such a process. The chemical difference of the average 
syntectonic rock and the basalts is not very great (compare the averages of Tables 
II and XVIII). A projection of the trough of average syntectonic composition 
(Fig. 22) or trend line (Fig. 25) reaches the femic abscissa at about 75 per cent 
total femic minerals including anorthite. This is approximately the composition 
of basalt which would contain only 10 to I3 per cent less quartz and 20 per cent 
more femic constituents than the average syntectonic rock. The quantity of basalt 
needed to produce the syntectonic batholiths is only a small fraction more than 
that of the basalts replaced. The structural, petrological, and chemical evidence 
all tend to favour hypothesis of generation of the syntectonic batholiths by partial 
melting and upward mobilization of the Karmutsen basalts, at moderate depths. 
An estimate of the depths and temperatures involved can be made from the facies 
series of the amphibolites and a knowledge of the stratigraphy. Abukuma-type 
amphibolite of subfacies A2.3 is estimated to be formed at about 700 degrees 
centrigrade and 2,000 to 3,000 bars pressure or 20,000 to 35,000 feet depth (Wink- 
le,, 1965, p. 105). This grade just may have been reached in the highest-grade 
amphibolites. The stratigraphic pile at the end of the mid-Jurassic would have 
involved at least 15,000 feet of Karmutsen, 3,000% feet of Kunga, and, say, 6,000 
feet of Yakoun Formation. The heat flow during Yakoun volcanism must have 
been high. Winkle, (1965, pp. 201-203) shows experimental anatexis of grey- 
wackes at 685 to 715 degrees centigrade and 2,000 bars. 

The linearity and orientation of syntectonic plutons suggest they may have 
been generated by heat flow channeled along major northwest fault lines now 
scarcely perceptible. This suggestion is supported by the nature of the migmatitic 
veined gneiss of the Luxana pluton, which appears to have been subject to major 
differential planar shear during crystallization and is located along a strand of a 
major fault line. 

The differences in petrological and structural type between the syn- and post- 
tectonic plutons cannot disguise their chemical relationship. The post-tectonic 
bodies differ from normal talc-alkaline series in their proportionately high content 
of mafic minerals and high soda and low potash compared to their silica content 
(see Table XVIII and Figs. 23 and 25). The more mafic post-tectonic specimens are 
similar to average syntectonic specimens in mineral composition if not in texture. 
However, the averages and trends on Figure 25 show that there is a distinct and 
separate trend for the post-tectonic plutons (excepting the Sandspit group), al- 
though both trends project backward to similar (basaltic) composition. The 
orientation of the tie lines is also distinct for the two types of plutons, steeper for 
the post-tectonic except for the southern plutons, which are overly influenced by 
the large representation from the basic Jedway stock. 



The field evidence such as the hornfelsic aureoles, gross igneous dilation 
breccia borders, truncation of structures, and location along fault lines that are 
both older and younger than emplacement, and petrological evidence such as miaro- 
litic cavities, highly zoned plagioclase, etc., all indicate the post-tectonic plutons 
were mobile, largely fluid, and truly intrusive. The writer favours a hypothesis 
that they represent either a partial remelting of syntectonic plutons or a second 
generation by partial melting of the original basalt followed by normal evolution 
from this magma. The later phases of the Kano Batholith and the Pocket Batho- 
lith may represent remelting of syntectonic plutons. The others may have been 
generated along fundamental fault lines and moved upward along them to chill at 
various upper levels of the volcano-sedimentary pile, where they now resemble 
beads along these fault lines. These ideas are shown in Figure 32, a diagram of the 
hypothetical evolution of the igneous rocks. 
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