
The bed of corals in E member is identical to the one in Newcombe Bay, three- 
quarters of a mile to the west, and relates the collection there, 6lAB258, to 
61AB294. At Newcombe Bay Kepplerires sp. and Cadoceras? sp. were collected, 
as well as belemnites, pelecypods, gastropods, and corals. 
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As McLearn (1949) has shown, the section at Alliford Bay is similar to the 
type section although not identical. At other localities considerable differences exist. 
Near Skidegate, only a few miles north, there is a good exposure of at least 5,000 
feet of agglomerates similar to C member but without significant sedimentary rocks, 
except some volcanic conglomerates near the top of the exposure. In the vicinity 
of the Copper River and the upper Tlell, similar great thicknesses of pyroclastic 
rocks are exposed. In contrast, along the Yakoun River north of Ghost Creek and 
between Yakoun Lake and Rennell Sound considerable thicknesses of volcanic sand- 
stones occur. Along the Yakoun River above the Made Formation there is a cov- 
ered interval and then an exposure of 200 feet of volcanic conglomerate with some 
volcanic sandstone, and above this sporadic outcrops of volcanic sandstone, shale, 
and some tuff for several thousand feet stratigraphically. Within this section occur 
the coal beds of Wilson Creek. Above these rocks are the porphyritic andesite ag- 
glomerates and other volcanic rocks. Near Rennell Sound above a considerable 
thickness of normal pyroclastic rocks and intercalated volcanic sandstones is a great 
thickness of massive volcanic sandstone without obvious break. From near the top 
of the exposure fossils of Longarm age were collected. 

MacKenzie (1916, pp. 54-58) thought the Wilson Creek coal and associated 
measures were Haida Formation, the Yakoun Basin of the Haida Formation, and 
consequently overlying agglomerates were Masset Formation. Fossils from a num- 
ber of localities (16 to 19) establish that these rocks are definitely Yakoun Forma- 
tion. The writer did not visit Camp Robertson but now suspects that “ the lower 
member of the Haida Formation ” mentioned by MacKenzie (1916, pp. 56-57) 
is in fact also Yakoun Formation and is overlain by the Haida Formation; however, 
the area north to Brent Creek is all shown as Haida Formation on the area1 map, 
Figure 5. 

Little Yakoun Formation is now found south of Lye11 Island, except dykes and 
sills that might be related. On George Bay a thin remnant of A member, calcite- 
cemented lapilli toff, is exposed overlying the Kunga Formation. At Iron Point 
(Locality 1, Fig. 10) sandstone and pebbly and gritty sandstone occur, in which 
abundant belemnites are found. The rocks closely resemble Longarm Formation; 
however, Dr. Jeletzky suggests a Bathonian to Callovian age likely, in which case 
these rocks are Yakoun Formation. Definite Longarm Formation unconformably 
overlies Kunga and Karmutsen Formations in numerow localities in the southern 
islands, and hence it appears that the Yakoun Formation was largely eroded by 
Early Cretaceous time if it were deposited in any thickness here. 

Origin.-The Yakoun Formation, even as known at present, indicates fairly 
clearly the general setting and sequence of events during its formation. The Middle 
Jurassic started with widespread emission of fine scoria of intermediate composition 
which settled into a calcareous marine environment. In places this phase was fol- 
lowed by quiet marine sedimentation interrupted by pulses of lapilli and ash. Then 
a series of vents opened up along a line subparallel and west of the later Sandspit 
fault and erupted slightly vesicular blocky porphyritic agglomerate and tuffs which 
built cones above sea-level. At the same time, erosive processes distributed volcanic 
detritus and possibly ash in the shoal seaway beyond the volcanic structures. Leaves, 
fruit, and abundant wood indicate the local cones were probably repeatedly clothed 
in lush Jurassic forests, and coal beds within the flanking sandstones indicate non- 
marine conditions alternated with marine, probably due to changes in elevation 
associated with intumescence related to the volcanic processes. And so the Middle 
Jurassic proceeded with renewed eruptions of block agglomerate followed by erosion 
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and distribution with possibly marine planation and resulting intercalation of marine 
deposits of reworked volcanic detritus. There is no real record of the close of this 
period; no (Upper Jurassic) deposits younger than Callovian are known, unless in 
the featureless volcanic sandstones near Rennell Sound underlying similar rocks 
containing a Longarm fauna. It is, however, fairly clear that the volcanic episode 
was brought to a close with intense deformation and the evolution and emplacement 
of the syntectonic batholiths. 

Age and Correlation.-The age of the Yakoun Formation was established pre- 
cisely as a result of McLean’s work (1927, 1949). The collections from B member 
on the south shore are Middle Bajocian (Humphriesianum Zone), whereas those 
on the north shore in seemingly identical rocks are slightly older (Sauzei Zone) 
(Arkell, 1956, p. 542). Collections from E member correlate with Calloviense 
Zone (Arkell, 1956, pp. 527, 536, and 541) or with the adjacent Koenigi Zone 
(McLean, 1949, p. 17) of the Middle to Lower Callovian Stage. No fossils of the 
Bathonian Stage are found, but these have not been found on the Pacific border 
from California to Alaska, so that their absence is not strange. This stage was 
highly volcanic. Hence the dated part of the Yakoun Formation embraces all the 
Middle Jurassic and part of the earliest stage of the Late Jurassic. The writer’s 
collections add little to what was known from all the previous work, except collec- 
tions were made at a number of new localities remote from Skidegate Inlet. Pro- 
fessor Rouse commented regarding the microfauna in the Wilson Creek coal as 
follows: “ The age of this assemblage is considered Jurassic rather than Ccetaceous, 
although an early Cretaceous age cannot be completely ruled out. However, several 
diagnostic Lower Cretaceous forms such as Trilobosporites are completely absent, 
and the abundance of microfossils such as the cycadophyte-Ginkgo, and Class- 
opollis suggest a Jurassic age.” 

The Yakoun Formation is the correlative of the middle part of the Fernie 
Group (Frebold, 1953, p. 1246) in the Rocky Mountains. It is the correlative 
of the Thompson Group and much of the Ashcroft Group of the Ashcroft area 
(Crickmay, 1930e), and the upper part is partly correlative with the Mysterious 
Creek Formation of the Harrison Lake area (Crickmay, 1930.4) of the interior 
and coastal areas of British Columbia respectively. The Yakoun Formation is 
also at least partly correlatix with a number of largely volcanic units of coastal 
and interior British Columbia, although the dearth of fossils in these make COT- 
relations very general. Such units are the Lower Hazelton Group, Upper Takla 
Group, and most likely part of the Bonanza Croup. 

Longarm Formarion 

The Longarm Formation, described here for the first time, is a sedimentary unit 
that in certain localities contains some volcanic rocks. The lithology, age, and struc- 
tural relations of this unit are known fairly well, but the stratigraphy is not known 
adequately. The formation is characterized by massive dark calcareous siltstone 
containing prisms of Inoceramus shells but also contains distinctive granule con- 
glomerates, buff to green volcanic sandstones, and some volcanic rocks akin to 
those of the Yakoun Formation. The age of the Longarm Formation spans much 
of the early and middle Lower Cretaceous, for it includes latest Valanginian and 
Hauterivian and Barremian fossils. The Longarm Formation overlies the Kunga 
Formation, with great angular unconformity at a number of locations (see Plate 



XIIA), but its relation with the Yakoun Formation is less well displayed. Near 
Rennell Sound it is difficult to distinguish a break between them. On Lye11 Island 
there appears to be a slight unconformity. The relation to the Haida Formation is 
even more of a problem as the two rarely appear to be in contact except across large 
faults. The Henna Formation appears to be conformable on both Haida and Long- 
arm, but there is reason to suspect unconformity (see pp. 97-98). The stratigraphy 
of the Longarm Formation is not well known because the sections that appear to be 
thickest are all contained within the wide fault zone from Rennell Sound to Louise 
Island. In this zone neither the top nor bottom is normally seen and subsidiary 
faults are numerous. Furthermore, much of the formation is composed of similar 
dark calcareous siltstones and line greywackes in which there seem to be no 
markers. Beyond the fault zone the base of the formation and up to a thousand 
feet of strata may be seen, but not more. In the fault zone it is believed there could 
be as much as 4,000 feet of Longarm strata. In effect the formation consists of 
two fxies: a trough facies dominated by dark calcareous siltstones and greywacke, 
and a shoreline facies dominated by conglomerates and sandstone. The type locality 
is Long Arm, recently renamed Long Inlet. At the head of this inlet the formation 
is well displayed, and future studies in this vicinity may outline the detailed strati- 
graphy. Figure 11 shows the distribution, fossil localities, and facies distribution 
of the formation. 

Lithology.-The Longarm Formation is composed primarily of dark-grey cal- 
careous siltstones and lithic fine greywackes. It also contains granule conglomerates 
and buff, greenish to light-grey coarse greywackes. Minor volcanic rocks similar to 
the Yakoun Formation occur within the thicker section. 

The dark siltstones and fine lithic greywackes are massive to thick-bedded rocks 
of great toughness, which weathered or fresh are coloured dark grey (see Plate 
VIIIB). Bedding is indistinct, and beds range from 1 to 10 feet or more thick. 
The most distinctive feature of these rocks is the abundance of Inoceramus shell 
debris of all sizes. United valves are very rare and whole valves uncommon, but 
prisms of fibrous calcite from broken shells are very abundant. Silt-sized fragments 
are abundant enough to make the rock as a whole calcareous, although calcareous 
cement is rare. Recognizable shells are almost all a very large Inoceramus; other 
fossils are uncommon. These rocks compose most of the formation in the type 
area, and they also occur as a part of the section in other locales. 

A second distinctive rock type that occurs in fair abundance is a conglomerate 
composed of granules or rarely fine pebbles with an over-all black and white appear- 
ance not unlike terrazzo in section. At least half of the granules are composed of 
black argillite, and the rest are light-coloured largely aphanitic volcanic rocks with 
some carbonate fragments. Sorting is only fair and the fragments range from sub- 
angular to subrounded. Sphericity of argillite fragments may be low. The rock is 
compact and indistinctly bedded. This conglomerate is found at the base of the 
formation at most exposures beyond the fault zone, but because the base has not 
been seen in the vicinity of Long Inlet it is not known in the type area except as 
float. Within the conglomerates at the very base in certain localities such as Arichika 
Island, there may be a layer containing a few large to immense boulders in a matrix 
of granule conglomerate. 

In addition to these two rock types which are distinctive of the Longarm 
Formation, there are medium- and coarse-grained sandstones and conglomerates 
composed dominantly of volcanic rock fragments. The sandstones are not greatly 
different in hand specimen from those of other formations. These rocks are huff, 
brown, or light-green weathered, but are normally mid-grey when fresh. Bedding is 
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Fig. 11. Longarm Formation: Distribution and fossil localities. 
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not pronounced, although indistinct lamination and cross-bedding are evident in 
some localities. Most of these volcanic sandstones are somewhat calcareous, and 
rarely they grade into rocks that look similar but are actually calcarenites. The 
sandstones, like the conglomerates, are comparatively less important near Long 
Inlet but occur in small volume at the head of Lagins Creek and east of Rennell 
Sound. The formation on Lye11 Island is chiefly formed of conglomerate, which 
here overlies Yakoun Formation in all probability with moderate unconformity. 

Minor volcanic rocks occur within the formation at scattered localities from 
Cumshewa Inlet to Rennell Sound. These include fine agglomerates and finely por- 
phyritic flows similar in most respects to those of the Yakoun Formation. Minor 
fine tuff and agglomerate DCCUI near the base on both sides of Cumshewa Inlet. 

Microscopy.-The Longarm rocks are seen microscopically to be composed 
principally of clasts of volcanic rocks, sedimentary rocks, and Inoceramus shells, 
in widely varying proportions. Table VII lists the range and averages for fairly 
distinct types, and Figure 16 shows quartz, total feldspar, and rock fragments for 
arenaceous rocks of all sedimentary units. 

The black and white granule conglomerate (I ) is characteristic of the base of 
the formation. It is composed of clasts of volcanic rocks and Kunga argillite com- 
monly in subequal amounts but with volcanic clasts dominant. However, it is the 
presence of the black Kunga clasts that gives the rock its distinctive appearance. 
The volcanic rock types ate numerous but include Yakoun-like porphyritic and&es 
with lesser amounts of trachytic feldspathic rocks, felsite, and basalt. Inoceramus 
shell fragments may form from 0 to 30 per cent of the rock. Amongst the finer 
clasts, plagioclase and quartz are both present and commonly plagioclase is domi- 
nant. Epidote and clinozoisite are invariably present as clasts and may form almost 
1 per cent of the rock. Opaque minerals are not prominent. Matrix is relatively 
minor and may be formed of calcite or chlorite, or both, or more rarely of chat or 
very fine sandstone. Sorting and shape of fragments are as variable as the composi- 
tion. The sphericity of clasts is very low but rounding is good. Kunga fragments 
in particular tend to be elliptical or rounded, rectangular, or triangular shaped. 
A bimodal or trimodal size distribution is common. The granule conglomerate (I 
to 4 millimetres diameter) commonly fills in around large, widely spaced boulders, 
and tine sandstone similar to that which may be intercalated with the granule con- 
glomerate may form a distinct population within the granules. 

Similar conglomerates (2) occur in small volume above the base of the unit, 
and in such cases they are composed almost wholly of volcanic rock clasts with only 
minor Kunga chips, plagioclase, or quartz grains. Some of these volcanic con- 
glomerates are much stained by ferruginous materials. 

The sandstones (3) of the formation are more distinctive in thin-section than 
in hand specimen. They are characterized by a variable but not uncommonly a 
significant amount of Inoceramus shell debris and by slightly less quartz than 
plagioclase in an essentially lithic sandstone. Rock fragments are dominantly vol- 
canic, but carbonaceous siltstones are commonly present and may be important. In 
general the siltstones seem to be locally derived Longarm fragments. Epidote or 
clinozoisite clasts are present in many specimens. Opaque minerals, both pyrite and 
carbonaceous material, are commoner than in the conglomerates. The amount of 
matrix is variable from only a trace to IS per cent and is commonly well-crystallized 
chlorite or calcite. Rarely rocks that look similar to these sandstones are found to 
be almost entirely composed of rods, plates, and grains of calcite that are separated 
from the prismatic layer of the large Inocrrumus. Sorting in all sandstones is fair 
to good, rounding is slight. 
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The most abundant rock type is the dark-grey siltstone (4). This name is a 
misnomer, for truly the rock is composed of a heterogeneous assortment of chips, 
shreds, balls, and irregular clasts of siltstone which can be distinguished in thii- 
section by their slight variations in opaqueness and grain size but which do not show 
in hand specimen. Znoceramus shell debris of all sizes is characteristic. About 15 to 
20 per cent of this is in the coarse silt size. Concentrations of larger fragments vary 
widely but are common. Some granule-size fragments are seen to be deformed along 
the planes of the prisms. Bedding is crudely indicated by planar shell debris and 
the more opaque shred-like siltstone clasts. The constituent siltstones are composed 
of plagioclase, fine volcanic rock fragments, calcite, and quartz clasts with consider- 
able fine pyrite and organic matter in a very fine chloritic matrix. Most of the 
primary clasts are in the range 0.02 to 0.08 millimetre. The larger secondary clasts 
are variable, but many are 2 to 5 millimetres in long dimension (see Plate XVIe). 

- 

Stratigraphy.-The thickest mass of Longarm Formation at Long Inlet and the 
head of Lagins Creek has not been studied in sufficient detail to provide a type 
section. This area is complicated by numerous subparallel faults and by discon- 
tinuous exposure. Even casual study indicates it is the area of greatest accumula- 
tion, and further work, possibly on the mountain on Rennell Sound south of Rockrun 
Creek, might provide an adequately exposed complete section. Near Long Inlet 
there are several thousand feet, possibly 4,000, of very similar dark siltstones and 
fine lithic greywackes. On Skidegate Channel the Longarm Formation is not well 
exposed and is again cut by numerous faults. Exposures on Gillatt Arm and 
Cumshewa Inlet are similar in lithology to the type area but also are sliced by many 
faults and are haphazardly exposed. 

Sections of the Longarm Formation away from the Rennell Sound-Cumshewa 
lnlet section are more readily studied. The exposure on Arichika Island is typical, 
except no siltstones are exposed. 



The basal boulder conglomerate rests on truncated folds of the Monolis beds 
of the Kunga Formation, and much of the cobbly material and most of the granular 
matrix are Kunga black argillite and limestones scarcely rounded at all. The large 
boulders are all well-rounded volcanic rocks of general andesitic nature similar to 
dykes occurring within the Kunga. The largest is some 20 by 30 feet, but most 
are only a few feet in diameter. The tine granule conglomerate above is essentially 
similar but much tinner. It is intercalated with the coarse lithic sandstone in com- 
plicated broadly braided sets of beds, which in detail show finer cross-stratifications. 

Other exposures in the south are similar, except the conglomerates are mostly 
tine pebble or granule conglomerates and generally are thinner. However, on north- 
east Lye11 Island conglomerates of Yakoun-like clasts form most of the section. 
On Poole Inlet and Murchison Island and vicinity, the dark Inoceramus prism- 
bearing siltstones are present in addition to the sandstones and conglomerates. 

Origin.-The Longarm Formation is entirely marine, for marine shells and clasts 
from them are a characteristic part of most of the formation. A common feature 
of all rock types is their immaturity. Obviously the time between exposure, erosion, 
and final deposition of raw materials of this unit was short, and any reworking was 
not a sorting process but only rearrangement. The main distribution of the unit 
along the Rennell Sound-Louscoone fault linkage, with the thickest part of the 
succession within the wide zone north of Louise Island, is probably not accidental. 
The siltstones are not identical to typical turbidites and lack many of the sedimen- 
tary structures attributed to them. Nevertheless the disaggregation and comminu- 
tion of the abundant large shells taken with the microscopic nature of the siltstones 
indicates a highly unstable environment. The writer tentatively concludes that 
submarine slumping and redistribution must have been important. 

The facies deposited outside the main fault zone (trough) shows evidence 
of other types of environment. Current bedding is common in the lithic sandstones 
and associated granule conglomerates. Pre-Longarm erosion, presumably sub- 
aerial, had stripped the Yakoun Formation from this area. The distribution of 
very large boulders along the unconformity together with the nature of these boul- 
ders suggest that they are lag deposits of dyke rocks within the Kunga slightly 
worked by advancing seas. The common presence of small amounts of epidote 
or clinozoisite clasts indicates metamorphic rocks were being eroded for the tirst 
time. Greater abundance of quartz clasts may indicate granitoid rocks were also 
exposed. Volcanism was raIe in Longarm time, mostly confined to the north, and 
generally of pyroclaatic nature. Near Cumshewa Inlet minor fine agglomerate 
occurs near the base. 

In summary then, if our view is correct, we may picture the Longarm Forma- 
tion as laid down in a lineal graben-like trough and lapping out of this onto eroded 
margins of Yakoun volcanic structures to the east. Fault movement, slumping, 
and turbidity redistribution rapidly built up a thick prism of sediments, while on 
the trough margins metamorphic and possibly granitoid rocks were exposed for 
the first time. 

Age and Correlation.-The age of the Longarm Formation is early to mid 
Lower Cretaceous, for it contains fossils of Late Valanginian, Hauterivian, and 
Barremian ages. The fossils that have been identified specifically or generically 
are rare compared with the abundant very large lnocerami which have not been 
specifically identified. 
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The Longarm Formation is correlative in part with a large number of units 
in British Columbia, many of which have had only meagre faunas collected from 
them. On the coast, the lower part of the Longarm Formation correlates with the 
sandstone-shell limestone uppermost member of Lower Cretaceous rocks in the 
Kyuquot-Esperanza area (Jeletzky, 1950, pp. 43-44). There is probably a fuller 
correlation with rocks of Quatsino Sound (Jeletzky, in preparation). At Harrison 
Lake the Broken Back Hill Formation is correlative in large part (Crickmay, 
19301\). In the southwestern interior it is correlative with parts of the Dewdney 
Creek Group of the Princeton map-area (Rice, 1947, pp. l&19), and the Brew, 
Lillooet, and Jackass Mountain Groups of the Ashcroft area (Duffel1 and McTag- 
gart, 1952, pp. 34-52), and the Fraser River valley between Lillooet and Big Bar 
Creek (Trettin, 1961, pp. 34-58). 

1 

QUEEN CHARLOTTE GROUP 

The Queen Charlotte Group includes three formations: at the base the Haida 
Formation of sandstone and shale, overlain by the Henna Formation of conglomerate 
and coarse sandstone, with the Skidegate Formation of siltstone, shale, and sandstone 
at the top. The Haida Formation is of Albian, Cenomanian, and possibly Turonian 
age (latest Lower and earliest Upper Cretaceous). The Henna and Skidegate 
Formations contain few fossils, and their age is not defined closer than Upper 
Cretaceous. 



The group is best exposed on Skidegate Inlet and vicinity and the type sections 
are along the north shore. No exposure of the group south of Logan Inlet is known. 
The group is well exposed at the northwestern part of Graham Island from Beresford 
Bay to Pillar Bay. 

The history of nomenclature of the Queen Charlotte Group is as complicated 
as that of the Yakoun and for the same reason, lumped collections and mistaken 
correlation of Yakoun and Haida sandstones. The discussion on page 66 covers 
the history from the viewpoint of the Yakoun Formation; what follows is a brief 
review from the viewpoint of the Queen Charlotte Group. 

The earliest geological work on the islands (Richardson, 1873) divided the 
rocks of Skidegate Inlet into three units: (3) upper shales and sandstones; (2) 
coarse conglomerates; (1) lower shales with coal and iron ores. Of these, units 
(2) and (3) are in fact the Henna and Skidegate Formations, but (1) bears a 
complicated relation to present stratigraphy, except on Bearskin Bay, where it in- 
cluded only the upper shales of the Haida Formation. 

Dawson (1880) augmented the section by adding the sandstone member of 
the present Haida Formation to (1) above and by adding two lower units - 
(D) agglomerates, (E) lower sandstones-which are now the Jurassic Yakoun and 
Maude Formations. Dawson’s section was very nearly correct, but he was misled 
by Whiteaves’ insistence on one fauna (see McLearn, 1949, pp. 2-5) which was 
of Cretaceous age and by the difficulty of distinguishing between Haida and Yakoun 
sandstones. He correctly separated “ Triassic ” argillites and limestone (Kunga 
Formation) from (E) lower sandstones (Made Formation). 

Whiteaves (1883) first used the name Queen Charlotte Island Group for the 
lower three of Dawson’s units, and later Dawson (1889) used Queen Charlotte 
Island Formation for the same units. The Queen Charlotte Group (Series) of 
Clapp and subsequent geologists refers to the upper three units of Dawson. Two 
papers written about stratigraphy of other parts of the Cordillera were the first to 
overtly challenge Whiteaves’ and Dawson’s interpretation (Stanton, T. W., and 
Martin, G. C., 1905; Dowling, D. B., 1906). Ells ( 1906)) in a brief reconnaissance 
in 1905, did not include the agglomerates with his Cretaceous rocks. The names 
of the units currently used were proposed by Clapp (1914), except he called them 
members of the Queen Charlotte Series and included a basal conglomeratic unit 
which he repudiated in a footnote as a result of MacKenzie’s further work. Mac- 
Kenzie (1916) first described the units of the Queen Charlotte Group in detail and 
as they are now known. 

The thickness of the group varies rapidly. Maximum thickness is of the order 
of 7,000 to 9,000 feet. 

Huida Formation 

The Haida Formation is the oldest of the Queen Charlotte Group. It is the 
oldest unit in the area not fully involved iti the deformations and in which there is 
any significant granitic debris. It overlies, commonly with considerable unconform- 
ity, all older formations with the exception of the Longarm (see Plate XIIe). In 
turn it is overlain by conglomerates and coarse sandstones of the Honna Formation 
with seeming conformity in outcrop but in reality with either considerable uncon- 
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formity or interfingering (see pp. 93,98). The formation is exposed from Logan Inlet 
to Parry Passage (see Fig. 12) but is best known from Cumshewa Inlet to near 
Yakoun Lake. It is well exposed in eastern Skidegate Inlet and the type section 
extends from Haida Point, after which it was presumably named by Clapp, to Lina 
Narrows. Comparatively little is known about the formation as exposed from 
Beresford Bay to Parry Passage. The formation is generally divisible into two dis- 
tinct members-a lower sandstone member and an upper shale member. The type 
section is the thickest known, and here the sandstone member is about 2,700 feet 
thick and the shale member about 1,075 feet thick. Major changes in thickness 
occur over short distances. 

On Skidegate Inlet the age of the formation ranges from late Early Albian to 
Turonian (?) and on Beresford Bay includes Early Albian, so that as a whole it 
ranges from late Early Cretaceous to early Late Cretaceous. 

Lithology.-Most of the Haida Formation is composed of a small range of 
sandstone types and silty shales, but near the base and at rare intervals there occur 
variants. The sandstone member is composed almost wholly of sandstone, more 
than half of which is dark to mid grey, but the most characteristic is grey-green. 
The latter is normally medium or coarse grained, massive looking, but actually finely 
bedded or cross-bedded (see Plate VIIIA). It weathers a brown colour with spheroi- 
dal form inland, but on the shore generally remains green with large rounded slabby 
forms showing isolated vertical faces having a tine cellular texture in the spray zone. 
Cross-bed sets may be 2 to 3 feet thick, commonly separated by massive or regularly 
bedded green or grey sandstone several feet thick. Large buff-weathering concre- 
tions are fairly common, generally in massive or regularly bedded sandstone rather 
than cross-bedded. Coquina beds of large Trigonia are relatively common near the 
base of the formation. A feature commonest in the green sandstones and in the 
lower part of the formation is scattered coal pebbles. Carbonized and carbonatized 
wood fragments are also common throughout the member, many showing teredo 
holes, etc. 

The grey sandstones are finer and less massive than the green. They are fine- 
to medium-grained rocks that weather in a shaly manner. Bedding is not pro- 
nounced, except by intercalations of slightly differing lithology. Cross-bedding is 
rare. The colour is a medium to dark grey when fresh, but weathered may be light 
grey to brown. Calcareous concretions, concretionary beds, and, more rarely, buff- 
weathering calcareous mudstone to fine sandstone are moderately common. 

The grey and green sandstones may be interstratified on all scales. Interlamin- 
ated grey and green fine sandstones are particularly common at localities away from 
Skidegate Inlet. Green sandstones are most ccnmnon in the lower part of the 
member and are virtually absent in the upper part of the type section. Conversely 
the calcareous beds and a few shales or siltstones are only found in the upper part 
of the member. 

In the sandstone member at or within 100 feet or so of the base there may be 
some pebbly sandstones, pebbly granule beds, and fine pebble conglomerate (see 
Plate XIIB). These rocks are most common right at the basal unconformity but 
may be up to 200 feet above it. They are intercalated with green sandstones and 
are generally poorly bedded but may be cross-bedded or bear a cut-and-fill relation 
to the green sandstones. These pebbly rocks are generally light coloured over all 
but speckled black and white in detail. The light-coloured particles are quartz, 
feldspar, and some volcanic rocks, and the dark are principally Kunga argillite chips. 
A small but significant number are granitic rocks. Sorting and rounding are fair, 
but sphericity is variable, mostly poor. The largest pebbles are about 3 inches in 
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Fig. 12. Haida Formation: Distribution and fossil localities. 
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diameter (8 centimetres) , but more commonly the largest size is 1 to 2 centimetres. 
These rocks resemble the basal ones of the Longarm Formation, except they are 
generally lighter coloured, more quartzose, and somewhat better sorted and rounded. 
Rarely pebble beds and pebbly sandstones may be found higher in the section, and 
in several localities some pebbly sandstone and interformational shale sharpstone 
beds are found at the top of the member. Commonly these rocks contain some 
bright-green chloritic fragments in addition to the calcareous shale chips and rounded 
exotic pebbles. 

The shale member is composed primarily of grey silty shales and very fine silt- 
stones. When completely fresh these are massive dark-grey rocks that are well 
bedded to laminated, but nevertheless are dense, conchoidal fracturing rocks that 
are only tissile where bedding planes have abundant carbonized twigs. On weathered 
surfaces these rocks take on a lighter-grey colour and become shaly, split moderately 
well, and are relatively soft (see Plate VIIIc), Buff to light-grey calcareous shale 
and siltstone beds are moderately common and fairly continuous; for example, beds 
6 to 8 inches thick extend laterally for more than 200 feet and occur every 5 to 10 
feet stratigraphically. Some concretionary beds occur, and these may grade into 
uniform calcareous beds. Also some laminated calcareous beds occur, and these 
show convolutions similar to ripple load convolutions. Fossils other than the car- 
bonized twigs and flattened Inocerami and worm tubes seemingly are absent. 

A minor group of variable coarser fragmental rocks occurs within the member. 
They vary from shale with minor flake-like shale sharpstones, the most common 
type, to thin beds full of angular intensely green chloritic fragments, to granule beds 
composed of rounded calcareous shale and chloritic fragments. The latter type is 
rare, but the fine sharpstones and the laminae with chloritic fragments (devitritied 
ash?) are widely distributed if not volumentrically important. The lowest chloritic 
fragmentary bed occurs at the contact with the sandstone member. 

Minor grey fine to medium sandstone occurs within the member, particularly 
in the uppermost part. 

Microscopy.-Sandstones of the Haida Formation are seen microscopically to 
be composed of subequal amounts of quartz, feldspar, and rock fragments with a 
variable array of accessory constituents that give the various types their character. 
Most are compact rocks formed of angular fragments with fair sorting and little true 
matrix. Such matrix as there is largely appears to be chloritic, micaceous, or soft 
rock fragments squeezed into interstices. In genera1 the rocks are immature and 
the constituent feldspar and rock fragments fresh. Most plagioclase is andesine and 
most potash feldspar is orthoclase with rare perthite. Table VIII gives ranges and 
averages for sandstones of the various types and comparison of averages of the type 
section with other localities. The three types described macroscopically are distinct 
types microscopically-the basal black and white pebbly sandstone, the green sand- 
stone, and the grey sandstone. Figure 16 shows quartz, total feldspar, and rock 
fragments plotted for arenaceous rocks of all formations. 

In the characteristic green sandstone, feldspar is more abundant than quartz, 
volcanic rock fragments are generally as common as feldspar, and plagioclase ex- 
ceeds potash feldspar by about 4 to 1. The rock contains a significant component 
of calcite grains and glauconite, the latter giving it its colour. Some of the glauconite 
grains contain vestiges of microfossils (see Plate XIVA). Opaque minerals, pyrite, 
leucoxene, and carbonaceous matter together form about 5 per cent and are rather 
evenly distributed. Matrix is generally minor and may be chlorite or calcite. Sort- 
ing is generally fair. Heavy minerals include epidote, clinozoisite, and sphene. 

86 



The grey sandstone is slightly more heterogeneous, poorer sorted, more car- 
bonaceous and micaceous, slightly more quartzose, and less calcareous and glaucon- 
itic, but equally devoid of true matrix. Shreds of organic matter, detrital biotite, and 
chips and clasts of siltstone are common. Pyrite preferentially replaces the organic 
matter. Heavy minerals are similar to those in the green sandstone. 

In comparison with the main sandstones, the basal black and white sandstones 
are much more quartzose, better sorted, and of higher sphericity and rounding. Vein 
quartz, combined quartz and feldspar grains, perthite, and Kunga argillite clasts are 
all present in very much greater than normal concentration. Volcanic rock frag- 
ments are reciprocally less. Altogether these sandstones are exceptional in being 
relati<ely mature and winnowed and the grains more abraded. 

The shale member is chiefly formed of silty shales and siltstones, most of which 
are significantly calcareous. Table VIII shows the range of composition and average. 
They normally contain at least 10 per cent silt of quartz and plagioclase in about 
equal proportions. Silt-sized grains of calcite are normally present, and replaced 
structureless calcareous microfossils may he present. Some specimens contain a 
small amount of angular clasts of clear green chlorite, possibly devitrified glass, and 
some contain silt-sized clasts of recognizable fine volcanic rocks. Sand- or granule- 
sized chips or lenses of calcareous siltstone or shale recognizable by differing opaque- 
ness are common and filled burrows not rare. The matrix may be a very fine 
semi-opaque mass of clay, chlorite, and (or) calcite, but in some specimens the 
matrix appears to be dominated by scarcely recognizable silt-sized rock fragments. 

Within the shale member there are minor sandstones in most ways similar to 
those of the sandstone member. In addition, some granule-size rocks occur, formed 
principally of rounded chips of calcareous siltstone and silty shale with lesser bright- 
green chlorite clasts in a matrix of fairly normal sandstone. 

Str&raphy.-The type section of Haida Formation extends from near Haida 
Point to Lina Narrows on the north shore of Bearskin Bay in Skidegate Inlet. The 
basal few hundred feet are repeated in remnant panels unconformably overlying the 
Yakoun Formation from Haida Point to 3,000 feet west, where the section proper 
begins. The type section is typical of the formation and the thickest section that has 
been noted. The separation into two members is distinct, as it appears to be in 
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most areas studied. Exposure is relatively good even in the shale member. How- 
ever, the upper part of this member is much duplicated in very gently warped folds 
and a certain amount of extrapolation is necessary. In particular, near the mouth 
of the Henna River the interpretation rests on a few scattered outcrops (indicated 
by O? in the footage). The biostratigraphic zones are, indicated on the column and 
are discussed later. 
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Although the lithology remains similar, changes in section are important even 
short distances from Bearskin Bay. These changes include total thickness, develop- 
ment of the shale member, the time stratigraphic position of the base, and possibly 
the non-deposition or erosion of certain zones. Figures 12 and 13 show the distribu- 
tion of the members and fauna1 zones as they are known. 

On the upper Henna River only 4 miles north, the total thickness is only 2,800 
feet. The shale member is much the same, but the sandstone member is only 1,700 
feet thick. However, the lowest zone is represented because Brewericeras hulenense 
was collected near the base. On the northwest shore of Maude Island the section 
again includes about 1,100 feet of shale member but only about 2,200 feet of sand- 
stone, from which the writer collected few distinctive fossils, Although the formation 
is poorly exposed on the south shore, the shale member again appears to be about 
1,000 feet thick but the sandstone member only about 1,200 feet thick. However, 
faults near the base complicate any interpretation. On Sandilands Island the base 
is involved in a zone of large east-west faulting. Sandstones of the Cleonicerm 
(Grycia) per&mm zone outcrop over much of the exposure of the sandstone 
member, and the shale member is represented by at most 400 feet of strata. The 
total thickness of the formation here is about 1,200 feet. 

East of Alliford Bay, exposure on the shore is too intermittent to reconstruct 
an accurate section. The sandstone member seems particularly massive and com- 
posed dominantly of coarse green sandstones, whereas the shale member is relatively 
thin (SOOk feet). Most of the fossils collected were long ranging or poorly pre- 
served, but McLearn collected Desmoceras (Pseudouhligelia) japonicum in the 
shale member here. South of Skidegate Inlet the formation, and particularly the 
shale member, becomes thin. 

In western Skideyate Inlet the formation becomes involved in intense folding 
and faulting of the Rennell fault zone, but it is apparent the formation is much 
thinner. 

Between Skidegate Inlet and Cumshewa Inlet exposure is poor. About the 
east end of Skidegate Lake much of the sandstone member is composed of grey 
siltstones similar to those of the shale member but with intercalated sandstones. On 
the Copper River north of the lake, Brewericeras hulenense occurs in the basal 
sandstone. On the hiUs to the east, Desmoceras (Pseudouhligel$J n. sp. occurs 
to within 600 feet of the base. West of central Skidegate Lake the formation appears 
generally coarser but thinner than to the east. Brewericeras hulenense is found on 
the road to Aero south of the lake. 

On Cumshewa Inlet relations are variable. At Dawson Cove about 700 feet 
of sandstone member is exposed, containing Brewericeras hulenense in the lower 
part, the base is not seen, and the sandstones are overlain directly by the Honna 
Formation. Two miles east at Conglomerate Point, sandstones with Desmoceras 
(Psrudouhligella) n. sp. are unconformably draped over an island of Kunga 
Formation. From the upper part of this unconformity to the base of the Honna 
Formation there are about 500 feet of sandstones and then 200 feet of shale with 
Inoceramus?, but small faults complicate the section. From Conglomerate Point to 
beyond McLellan Island the Haida Formation is intermittenly exposed, mostly 
striking subparallel to the shore. Seemingly some I.500 to 2,000 feet are exposed 
with sandstone in the lower part and grey siltstone and shale in the upper, but the 
division into members is not distinct. Desmocerus (Pseudouhligrllu) japonkm 
(at Locality 80) and D~smoceras (P.wuduuhligellu) dowsoni (at Locality 79) 
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were both collected at separate localities west of McLella” Island “ear the top of the 
presumed sandstone member. 

Relatively little is known about the formation at localities remote from Skide- 
gate to Cumshewa Inlets. Only a few exposures of the formation were see” “ear the 
lower Yako”” Valley. East of Yakou” Lake the writer now suspects that some of 
the sandstone mapped as Haida Formation following MacKenzie are actually 
Yakoun Formation, and that the coal of Camp Robertson, etc., was in the Yakoun 
Formation as it is on Wilson Creek, which MacKenzie also believed was in the Haida 
Formation. 

The formation as see” from Beresford Bay to Parry Passage in northwestern 
Graham Island is lithologically very similar to that of the type area, and thickness 
is of the same order. Furthermore, it would seem to be divided into a lower sand- 
stone and a” upper shale member. Lower Albian fossils of the Leconteites lecontei 
zone were collected from coarse green sandstones “ear the base and Demmceras 
(Pseudouhligella) sp. from laminated grey and green fine sandstone “ear the top 
of the sandstone member. 

Another extensive area of Queen Charlotte Group OCCUIS from Lagoon Inlet 
south to Logan Inlet and west nearly to Tasu Sound. Much of the area is covered 
by younger rocks of the Masset Formation. In this area the group can be divided 
into a lower shale and sandstone “nit tentatively called the Haida Formation and a” 
overlying conglomerate identical in lithology to the Honna Formation. Unfortun- 
ately both “nits are unfossiliferous so that no certainty exists. Grey shales and fine 
grey sandstone predominate in the Haida Formation, but coarse green sandstones 
are present. 

Origin.-The Haida Formation was deposited in a marine basin with consider- 
able submarine topography swept by moderate currents and with adjacent land 
supplying abundant detritus. The marine nature is shown because marine fossils 
and glauconite are found throughout. The proximity of land is shown by abundance 
of wood, including some large logs within the sandstone member and much plant 
debris intercalated in the shale member. In addition, the fragile coal pebbles 
could not have been transported far from their probable source in the Yakoun 
sandstones. The relief of basin bottom is evident by the draped unconformity on 
Conglomerate Point, the remnant sill extending from the upper Copper River 
through to the cuestas of Kunga limestone south of Skidegate Lake, and the remnants 
of basal Haida on the Balch Islands. That the older rocks extending across Skide- 
gate Lake formed a sill is shown by the disparity in thickness and lithology on the 
opposite sides. 

Much of the detritus that forms the Haida rocks was of volcanic origin, par- 
ticularly from Yakoun agglomerates (and sandstones) but with a significant amount 
of granitic debris. Hence the margins of the basin were most likely elevated and 
subject to erosion. No special study of cross-beds was made, but on Bearskin Bay 
small slumps indicate the initial slope was toward the southwest and current direction 
to the west or northwest preferentially in the eastern part of the Skidegate Basin. 
The sudden change from sandstone to shale deposition indicates a sudden change in 
environment. A general subsidence of the region, including margins and basin, 
might be a” explanation. 

The palzogeography cannot be accurately reconstructed on the basis of present 
information, but a crude appraisal can be made. A large elevated island probably 
existed in the west with a margin along the Rennell-Louscoone fault. It exposed 
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Karmutsen and Kunga and syntectonic plutonic racks. Yakoun volcanics may 
have largely been eroded during the exposure. A channel to the Pacific in the 
vicinity of Swell Inlet probably separated this highland into two islands. Farther 
east the main mass of Yakoun agglomerates from Yakoun River to Reef Island, the 
remnants of old Yakoun volcanoes, may well have formed a chain of islands and 
peninsulas separating the main Skidegate Basin from a probable basin still farther 
east (presently under Hecate Strait). What the connection is between exposures 
north of Skidegate in the lower Yakoun Valley and northwest Graham Island is 
problematic. However, the distribution of units and zones as presently known sug- 
gests a shoreline extended from near Skidegate village to Beresford Bay with the 
depositional basin to the northeast. 

Age, Biostratigraphy, und Correlation. -The age of the Haida Formation 
embraces all of the Albian stage of the Early Cretaceous period and also the Ceno- 
manian and possibly part of the Turonian stage of the Late Cretaceous. The type 
section, however, does not have the earliest Albian zone. 

In British Columbia west of the Rockies few areas of marine Albian and 
Cenomanian rocks are known, except about Tahtsa Lake (DuffelI, 1959, pp. 64- 
67). Extensive continental deposits of probable Albian age are known in the 
interior plateau (for example, Kingsvale Group, Duffel1 and McTaggart, 1952, p. 
58) and in the Rocky Mountains (for example, Upper Blairmore Group, Bell, 1956, 
pp. 12-15). In northern California and Oregon and in Alaska, marine rocks of 
Albian, Cenomanian, and Turonian age are well known (Murphy, 1956; Imlay, 
1960; Matsumoto, 1959). 

Zonation of the writer’s collection of ammonites and pelecypods Trigonia and 
Inocerumus from the Haida Formation is evident in Table IX (in pocket). Most of 
the fossils were identified by Dr. F. H. McLearn, who had earlier made extensive 
collections in Skidegate Inlet and who at the time of his death was preparing a mono- 
graph of Haida ammonites. Dr. David Jones, of the United States Geological Survey, 
visited Skidegate Inlet in 1963. He also identified the collections from Beresford 
Bay. The fauna1 zones used are those recommended by Jones in a personal com- 
munication with the concurrence of McLearn. 

Turonian ..~~.,.~~~.~~..~~~.~..~~~~~~~~.~~~~-~~., ~~~~~~~~~~.~.~~~~~~Inocerarnus labiatus? 
Cenomanian .~~~~~~.~~~~~~..~~~~Desmoceras (Pseudouhligella) japonicum. 
Late Albian m~Desmoceras (Pseudouhligellu) dawsoni; Mortoniceras. 
Mid Albian ~~~~~~...~~~~~~., ~~~~~~~~..~~~~.,. ~Cleoniceras (G&a) perezianum. 
Late EarIy Albian ~~~.~~~~~~~~~ ~~~~~~.~ ~~~~~~~~~, ~~~-.~~Brewericeras hulenense. 
Early Albian ~~~,~.~~~~~..~~~~~~~..~~~~~~ ~~~~~~~.-~~ ..~~~~~~~..~~~Leconteites lecontei. 

Characteristic fossils in the Haida for these zones are:- 
Leconteifes lecontei: 

Leconteites lecontei whiteavesi. 
Phyllopachyceras cf. chitinonum Imlay. 
Aucellina sp. 

Brewericeras hulenense: 
Brewericeras h&nense (Anderson). 
Douvilleiceras spiniferum (Whiteaves). 
Trigonia (yaadia) leana var. whifeavesi (Packard). 
Trigonia (Pferotrigonia) cf. colmnbiana (Packard). 
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Cleoniceras (Grycia) perezianum: 
Cleoniceras (Grycia) per&mum (Whiteaves). 
Inoceramus concentricus Parkinson. 
Trigonia (Apiotrigonia) maudenris (Whiteaves), 
Trigonia (Apiotrigonia) newcombei (Packard), 

Mortoniceras: 
Mortoniceras (Deirudoceras). 
Inoceramus subsuicaius Whiteaves. 

Desmoceras (Pseudouhligella) duwsoni: 
Desmoceras (Pseudouhligella) dawsoni (Whiteaves). 
Inoceramus subsulcatus Whiteaves. 

Desmoceras (Pserrdouhligellrr) japonicum: 
Desmoceras (Pseudouhligellu) japonicum (Yabe). 

Fossils of the Leconteim lecontei zone are only identified on Beresford Bay; 
all the others are present in the type section. Both McLearn and Jones point out 
that the Oxytropidoceras puckardi zone (Murphy, 1956, pp. 2114-2119), which 
should occur between the Brewericeros hulenense and Mortonicerus zones, is not 
represented in the type section, nor is it identified elsewhere in the Queen Charlotte 
Islands, but the Cleoniceras pereziunum zone, which occurs nowhere else, is appar- 
ently equivalent. 

Honna Formation 

The Henna Formation is the middle unit of the Queen Charlotte Group, be- 
tween the Haida and Skidegate Formations. The contact with the Haida Formation 
seems structurally conformable in outcrop, with only minor indications of SCOUI 
in detail. However, several lines of evidence indicate either major erosional trunca- 
tion of beds and (or) major interfingering of Haida and Henna Formations. The 
Skidegate Formation overlies the Henna Formation conformably with gradation 
over a small interval. 

The Honna Formation is found from Logan Inlet to Langara Island (see Fig. 
14). The type locality is on the north side of Lina Narrows, near the mouth of the 
Henna River, after which it is named. It commonly outcrops boldly. In lowlands, 
in which it dips steeply, it forms knobby hills. In parts of the Skidegate Plateau, 
where it is flat lying, as south of Alliford Bay, it tends to accentuate the mesa- 
like nature of hills. Thickness varies greatly; in the type locality it is 1,300 feet, 
but on Maude Island, only 3 miles south, is about 2,500 feet, and on Skidegate 
Channel is about 4,000 feet. 

The Henna Formation contains few fossils, and no diagnostic ones have been 
collected, hence the age of the conglomerate is known only as post-Cenomanian or 
Turonian and pre-Paleocene. Most likely it is early Late Cretaceous. 

Lithology.-The Henna Formation is composed of conglomerate and coarse 
arkosic sandstone with minor shale or siltstone. The formation is characterized by 
the conglomerate, but the relative percentage of conglomerate to coarse sandstone 
varies widely from place to place, and conglomerate may even form a relatively small 
percentage of the whole. Shale or siltstone are always minor, commonly forming 
rare thin interbeds or sets of beds at most 30 to 40 feet thick. Other rocks, includ- 
ing fine sandstones, are virtually absent. 
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Fig. 14. Henna Formation: Distribution and fossil localities. 
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The conglomerate weathers dark shades of grey or brown, but is middle grey 
when fresh. Most conglomerate is formed of well-rounded coarse pebbles (> 16 
millimetres) to small cobbles (<I28 millimetres) with about 20 per cent coarse 
sand matrix. Rarely some large cobbles occur in small number. A bimodal fre- 
quency distribution of particles is the rule, and sorting within the coarse and the fine 
admixtures is relatively good. Although most fragments are well rounded, sphericity 
may be low and sharpstones of shale form a small but relatively constant component. 
In general, bedding is quite good, evident by variation in average pebble size or by 
intercalation of sandstone beds (see Plate VIIc). Overt cut-and-fill structures are 
rare, bedding is relatively planar, and imbrication is absent or slight. 

Variation in percentages of rock types occurring as pebbles is not great. The 
following summarizes pebble counts from small areas in four localities. Lina Narrows 
(the type locality), Pillar Rock, Deena River, and southwest of Skidegate Lake:- 

V”l”rm 
(Per Gem) 

Granite ~~~~~~.~ ~~~-~~~~~~~.~~~ ~~~~~ ~~ ~~~~ ~~~~~~~~ ~~~~ ~~~~ ~~~~~~ ~~~~~~~ 8-21 
Argillite andshale.~ ~~~~ ~~~.~~~~~ ~~~~~~ ~~~~~~ ~~~~ ~~~ ~~~~~~~~ ~~~~ 18-25 
Yakoun porphyria ~.~~~~~ ~~~~~~ ~~~~~~~~ ~~~~~~ ~~~~ ~~~~ ~~~~ ~~~ 15-28 
Karmutsen greenstone ~~-~~~~~ ~~~~ ~~~~~~~~~~~~ ~~~~~~ ~~~~ ~~~~~~~ l-23 
Other including indeterminate volcanic ~~~~~~ ~.~ ,~~~~ ~~~~~~ O-20 
Matrix (sandstone) ~~~ ~.~~~~~ ~~ ~~~~ ~~~~~~~ ~~~~~~ .~~~~~~~ ~~~~~~ ~~~~~~~ ~~~~~~ 15-20 

A constant and characteristic feature is a significant component of granitoid 
pebbles. Some are similar to hornblende quartz diorites of the syntectonic plutons, 
some to granites of post-tectonic aspect, and scxne not similar to any mapped bodies. 
Apart from some of the few pebble beds within the Haida Formation, this is the 
oldest conglomerate with granitic debris. Shale sharpstones from the Haida Forma- 
tion and (or) interbeds within the Honna are common, but argillite recognizable as 
Kunga Formation is as common or commoner. The bulk of the pebbles are volcanic, 
with porphyria similar to Yakoun rocks slightly more numercus than greenstones 
similar to Karmutsen. Some volcanic rocks are not readily identified as either. 
Other pebbles include limestone, quartz, chat, sandstone, and pyroclastic rocks, 
but these are all rare. Secondary pyrite is commcm but minor. 

Sandstones of Henna Formation are akin to the matrix of the conglomerates; 
they are generally coarse-grained (>0.5 millimetre) rocks composed of feldspar, 
quartz, and rock fragments in subequal amounts. They might be called grits and 
would be classified as arkoses by most sandstone classifications (see Table X). In 
colour they weather buff, light red-brown, or dark grey, but where fresh are light 
grey with a slight greenish cast. Large (3 to 6 feet in diameter) oblate spheroid 
calcareous-cemented concretions are moderately common, and an irregular platy 
cleavage subparallel to bedding is common on shore exposures. Every gradation 
occurs between sandstone and conglomerate both by general increase in grain size 
or by advent and increase in percentage of coarse fragments. 

Grey well-bedded shale or siltstone forms a small but normal part of the unit. 
These intercalations are the obvious source of most of the sharpstones within the 
sandstone and conglomerate, although some of the rounded chips and calcareous 
shale chips may have originated from erosion of the shale member of the Haida 
Formation. 

Microscopy.-The sandstones and interstitial sands in the conglomerates are 
virtually identical and are treated together here. They are coarse, compact, poorly 
sorted rocks of angular clasts and little matrix. Table X shows the mineral com- 
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position of eight specimens from the type section. Volcanic rock fragments are 
generally the most abundant clasts, followed by feldspar, quartz, and sedimentary 
rock. The plagioclase is normally in the range AII~,,-,~. Granitic fragments are 
common in trace amounts, and potash feldspar (orthoclase, rarely perthite) forms 
about one-eighth of the total feldspar. Calcite clasts, including recognizable shell 
fragments, are common in a few specimens and biotite is present in most. Matrix 
is scant, some is calcareous, but more commonly it is composed of soft micaceous 
rock fragments and biotite and chlorite clasts that appear to be squeezed into inter- 
stices. Opaque minerals, ores, and carbonaceous materials are commonly minor. 
Specimen 100 is atypical, being composed dominantly of rounded plates of cal- 
careous siltstone of the Haida shale member, which it immediately overlies. 

In comparison with Haida sandstones, the Henna are coarser, less well sorted, 
and contain a higher percentage of rock fragments, but no glauwnite. In addition, 
feldspar exceeds quartz in most Henna sandstones instead of the reverse. This is 
shown in the general diagram in which quartz, feldspar, and rock fragments are 
plotted for arenaceous rocks of all sedimentary units (Fig. 16). 

ICI- 
- 

Stratigraphy.-The type section of the Honna Formation at Lina Narrows, 
between Kagan and Bearskin Bays, is one of the thinner sections of the Honna 
Formation. In other respects it is typical. Great facies variation is illustrated at 
Lina Narrows, for the percentage of conglomerate and the amount of cobble con- 
glomerate markedly decrease between the type section and the north shore of Lina 
Island and again to the west shore. At the latter locality even pebble conglomerate 
is rare, and coarse sandstone and some pebbly sandstone constitute the bulk of the 
formation. 

The Norma Formation at other localities is very similar to the type at Lina 
Narrows. However, the exposed thickness increases markedly toward the south 
and west, with about 2,400 feet at Maude Island, 3.000 to 4,000 from Long Inlet 
west of Kagan Bay and Skidegate Channel, and 2,000 to 3,000 south and west of 
Skidegate Lake. On Cumshewa Inlet about 1,500 feet is exposed, and about the 
same or slightly less between Skidegate Lake and Alliford Bay. At other localities 
more remote from Skidegate Inlet and not in outcrop continuity, the lithology is 
very nearly identical and the stratigraphic succession no more varied than on Skide- 
gate Inlet. At the southernmost locality on Logan and Crescent Inlets, some 300 
to 500 feet is found, on Swell Inlet about 1.700, and near Kootenay Inlet, an 
isolated southwesternmost occurrence, about 800 feet. On northern Graham and 
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In the thicker sections the formation rests with seeming conformity on Haida 
Formation in most instances recognizably the upper shale member. Thinner sec- 
tions commonly rest on diverse units from Kunga Formation to Longarm Forma- 
tion, with either marked or slight unconformity. In some of the sections of inter- 
mediate thickness (that is, Dawson Cove, Cumshewa Inlet, and Sandilands Island) 
the Henna rests on either the Haida sandstone member or on a very thin section 
of the shale member. 

Origin.-The setting and mechanics of deposition of widespread marine poly- 
mictic conglomerates remain something of a problem. Duffell and McTaggart 
(1952, p. 74), in considering the origin of the similar conglomerates of the Jackass 
Mountain Group, rejected a marine origin and suggested instead a subareal, fluvia- 
tile origin along a narrow foreland to a mountain front with intermittent interala- 
tions of marine shales. 
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Features of the Honna Formation which bear on the problem are listed below. 
The Honna conglomerates are overlain, underlain, and intercalated with rocks of 
proven marine origin. Imbrication is a relatively minor feature, cut-and-fill strut- 
tures and lensoid beds very rare but scour of fine beds is common. Rounding of 
pebbles ranges from good to poor, but sphericity is generally low. Distinct bimodal 
particle distribution with sharp peaks in coarse pebble and coarse sand-size grades 
is characteristic, but coarse sand also occurs without pebbles. The structural atti- 
tude of the basal conglomerate and the underlying Haida beds are similar, but the 
conglomerate “ rests ” on different lithologic and biostratigraphic parts of the forma- 
tion, and indeed on older rocks. Clear indications of major interfingering of con- 
glomerates with the Haida Formation have not been seen but have been suspected. 
The Honna apparently overlies the whole of the basins filled with Haida Formation 
but laps onto its margins. In spite of imbrication not being marked and hence not 
trustworthy, a majority of indications on Skidegate Inlet suggests a western to 
southwestern source. And, finally, the thickness of the formation greatly increases 
toward the Rennell Sound fault line. 

In conclusion, the nature of the Honna Formation would seem to indicate 
extensive fault movements on the margins of the Haida basins. Sheets of con- 
glomerate were rapidly deposited in the sinking basins under marine conditions. 
In all probability the northern segment of the Rennell Sound-Louscoone fault zone 
was an active element during this period, but a connection to the Pacific was main- 
tained in the vicinity of Swell Inlet to Kootenay Inlet. 

Age and Correlation.-The age of the Honna Formation is known only within 
wide limits, for, by its nature, it is not a fossiliferous unit, nor is the Skidegate 
Formation which overlies it. The Henna is clearly younger than the Cenomanian 
and possibly the Turonian, for it overlies the shale member of the Haida Formation. 
However, it is possible the Henna Formation might in part interfinger with the 
Haida Formation. A period of erosion clearly antedates the effusion of the Masset 
Formation of Paleocene and younger(?) age. Hence the Honna Formation is 
largely Late Cretaceous, probably immediately post-Turonian. Indirect evidence 
from the age of ultramafic intrusions in southeastern Alaska points to the Turonian 
as a time of major deformation (Lanphere and Eberlein, 1965). The nearest serpen- 
tine is at Duke Island, just north of Dixon Entrance. 

Fossils are rarely found in the Honna, and those found are of little diagnostic 
value. Such as there are, have been found in shale interbeds, proving these at 
least are marine. The following three localities are all that are known. 

FOSS”. LOCALITIES, HDNNA FDRMATlON 

= “,Y FOSli,S 

Because the age is so poorly defined, the Honna Formation cannot be COT- 
related with other formations. The Benson Formation, a conglomerate at the base 
of the Nanaimo Group on Vancouver Island, is probably Santonian, so that it might 
possibly be a correlative. Units of Coniacian age are seemingly unknown in south- 
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eastern Alaska and western British Columbia regions, although they are well known 
in California (lower part of the lower Asuncion Group; F. M. Anderson, 1958). 

The Henna Formation does resemble lithologically the Jackass Mountain 
Formation, Division B, of the Ashcroft area (Duffel1 and McTaggart, 1952), 
although this unit is the time equivalent of the Longarm Formation. 

Skidegate Formation 

t 

The Skidegate Formation is the uppermost unit of the Queen Charlotte Group. 
It is only known on Skidegate Inlet, after which it is named. The only outcrop not 
contiguous to the type locality is a small area near Leonide Point of similar rocks 
that may be Skidegate Formation. The type locality extends in continuity with 
those of the Haida and Henna Formations along the north shore of the inlet, on 
Kagan Bay from Lina Narrows. The Skidegate Formation occupies the core of the 
main syncline of the Queen Charlotte Group and is overlain with considerable un- 
conformity by volcanic rocks of the Masset Formation. 

The formation is composed of grey silty shale, siltstone, and fine to medium 
sands:one and buff-weathering calcareous shale. These rocks are not greatly differ- 
ent from Haida rocks or even intercalations within the Henna conglomerate, so that 
it would be difficult to positively identify small isolated outcrops. Nevertheless no 
considerable quantity of such rocks has been found elsewhere above the Henna 
Formation, so it is believed to have been deposited or preserved only locally. It 
may indeed interfinger with the Henna conglomerate. 

The age is not well known as the unit is sparsely fossiliferous. It must, how- 
ever, be mid Late Cretaceous, for the Haida Formation ranges up to the Ceno- 
manian or Turonian and the unconformably overlying Masset Formation is Paleo- 
CtT”C 

The thickness at the type locality is about 3,OOG feet; about 2,000 feet is well 
exposed on the shore, but the upper part, about 1,000 to 1,500 feet, is poorly 
exposed on the lower slopes of Slatechuck Mountain. 

Lithology.-The Skidegate Formation is composed of a group of detrital rocks 
of relatively fine grain: silty shale, siltstone, and fine sandstone with lesser medium 
sandstone, calcareous shale and sandstone, and ~axe coarse sandstone. The most 
abundant rock type is grey silty shale to siltstone. The general proportions of silt- 
stone to sandstones to all others (chiefly calcareous shale) are about 6:3: 1. 
Characteristic colours are mid to light grey, but some dark-grey to light-brown 
rocks occur. Most of the calcareous rocks weather buff, the others some shade of 
grey. The formation is well bedded throughout, much finely bedded to laminated. 
Many rocks cleave readily along bedding. Characteristically there is an alternation 
of the rocks, resulting in a flaggy, fissile nature. The fissility of some sandstones 
results from abundance of shale wisps and chips, and more rarely mica. These 
descriptions are based on the lower 2,000 feet of the formation; the upper 1,000 
to 1,500 feet is poorly exposed but apparently similar. 

The rocks along Slatechuck and Kagan Creeks below the Masset Formation 
are mapped as Skidegate Formation, although whether they are Skidegate or Haida 
Formations is not clear. Structurally they appear to overlie an overturned anticline 
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of Henna Formation. The amount of outcrop is relatively small and discontinuous, 
but the rocks exposed are mostly grey siltstone and fine sandstones, slightly meta- 
morphosed. The stone used by the Haidas for carving, a black carbonaceous slate, 
is part of this sequence of rocks. This rock is not identical to any rocks in either 
Skidegate or Haida Formations. The difference partly results from the meta- 
morphism but not entirely. Further details about this rock type are included on 
page 176. 

Sedimentary structures present other than bedding include a few slump folds, 
rare cross-bed sets, convolute bedding, and cone in cone structures generally in the 
calcareous shales and sandstones. The axes of folds in one interpretable slump 
west of the synclinal axis are oriented north 20 degrees west and movement was 
directed eastward. 

The Skidegate and Haida Formations are similar but differ in many details. 
The Skidegate Formation is characterized by (1) very good bedding, (2) rapidly 
alternating rock types, (3) Baggy fissility, (4) colour (light to mid grey in contrast 
to green to dark grey), (5) dearth of fossils, (6) fewer coarse sandstones, (7) no 
general tendency from coarse to fine rocks, (8) less wood and coal, and (9) more 
calcareous rocks. 

Microscopy.-The Skidegate sandstones are similar to Haida and Henna sand- 
stones but, as Figure 16 shows, are more feldspathic. The Skidegate sandstones 
are compact rocks composed of angular clasts of feldspar, rock fragments, and 
quartz, in that order of abundance. Plagioclase (mostly andesine) exceeds potash 
feldspar by about 7 to 1. Rock fragments are almost entirely volcanic and pre- 
dominantly a fine trachytic porphyry. Accessory clasts include biotite, calcite, and 
opaque minerals, chiefly leucoxene, carbonaceous matter, and pyrite in that order. 
Detrital heavy minerals include epidote, sphene, and rare apatite and zircon. Little 
matrix is present, except in the few calcareous sandstones. In the normal sand- 
stones, much of the apparent matrix is compressed fine chloritic rock fragments or 
mica, and in the calcareous ones probably represents rearrangement by solution 
and redeposition. Partial replacement of plagioclase by calcite is fairly common. 

Sorting is fair, with many sandstones having a range in maximum and mini- 
mum diameter of clasts from 0.5 to 0.07 millimetre. Lamination by intercalation 
of siltstone or by leucoxene and pyrite-rich bands is common. 



The siltstones and silty shales and calcareous varieties range widely in ratio . 
ot silt to very tine matm to carbonate. ‘me slit rarely terms less than 20 per cent 

of the rock and is composed of feldspar in excess of quartz. Mica is present in all 
examined specimens, and opaque minerals form a constant 5 to 10 per cent. In 
non-calcareous siltstones, line silt-sized volcanic rock fragments are abundant, and 
matrix is scant if present. Distinguishing matrix from rock fragments in the finer 
rocks is virtually impossible. Finely interlaminated siltstone and calcareous silt- 
stone are fairly common. Table XI shows the average composition of the speci- 
mens examined. 
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Sratigraphy.-The lower 2,000 feet of the Skidegate Formation is welI ex- 
posed on Kagan Bay on both sides of the main syncline. The type is taken adjacent 
to the type section of the Honna Formation east of the syncline. The two exposures 
are similar but not identical. One difference is that in the western exposure the 
degree of alternation of rock types is less. Thicknesses are both of the order 
of 2,000 feet. Estimates of covered intervals on the type section are therefore 
judged to be approximately correct. Comparison of the covered intervals shows 
they most probably are underlain by rocks similar to those adjacent. 



Origin.-The Skidegate Formation appears to have originated in a shallow 
marine basin swept by variable currents. The relief of the basin margins must have 
been very much less than during Henna time. The increase in feldspar in relation 
to rock fragments may indicate somewhat more extensive time lapse between erosion 
and final deposition, but the absence of significant increase in rounding and sorting 
suggests that reworking had not increased. 

Age and Correlation.-The age of the Skidegate Formation is known only to 
be Late Cretaceous. The formation is not very fossiliferous. Scattered Inocerami 
of one or more unidentified species occur throughout the well-exposed section, but 
only one ammonoid, again unidentified, was found. Unfortunately also the shales 
(silty shales) appear to contain few microfossils. The only abundant fossil remains 
are worm tubes. 

The following lists localities from which fossils were collected. Poor Ino- 
cerami were seen at a number of other localities but not collected. Figure 15 shows 
the distribution of the formation and the fossil localities. 

Without more accurate dating, correlations are impossible; however, the Skide- 
gate Formation might be the correlative of some of the lower(?) part of the 
Nanaimo Group. 

Mamt Formation 

The Masset Formation is a very thick accumulation of volcanic flows and pyro- 
elastic rocks of differing aspect in various parts of the islands but primarily composed 
of alkali basalt and sodic rhyolite. The basic lavas for simplicity are all called basal& 
here, but some are basaltic and&es. Characteristic units are thin flows of co- 
lumnar basalt, basalt breccias, thick sodic rhyolite ash flow tuffs, and welded tuff 
breccias and breccias of mixed basalt and rhyolite clasts. In addition, certain basic 
and acidic hypabyssal intrusions are intimately connected with the flow rocks and 
are included in the formation. 

The Masset Formation was named by MacKenzie (1916, p. 76) from ex- 
posures about Masset Inlet. He stated that the Masset Formation overlay the 
Skonun Formation. “ The writer has not seen the contact between the overlying 
Masset and the Skonun Formations, but from the general area1 distribution of the 
Tertiary rocks, it is thought that the Mass& Formation overlies the Skonun with 
overlap or unconformable relations ” (1916, p. 74). Dawson ( 1880, pp. 84-89) 
treated the Tertiary volcanic and sedimentary rocks together and made no general 
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I I. 
Fig. 17. Massef Formation: Distribution, facies, and special localities. 
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comment about relative stratigraphic positions, except that at Tow Hill and Lawn 
Point basal@ overlay sedimentary rocks. Ells (1906, pp. 23-26, 46) and Clapp 
(1914, pp. 25-29) discussed Tertiary sedimentary and volcanic rocks separately, 
did not name them, and confused other units with Mass&, so that their discussions 
are of only incidental interest. The Yakoun volcanic and sedimentary rocks were 
mistaken for Haida and Masset at Wilson Creek, and Tow Hill basalt for Mass& 
The correlation of Tow Hill basalt with Masset Formation basalts is understandable 
but has probably been the main cause of much of the error. Drilling by Richfield 
Oil Company proved beyond doubt that the Skonun overlies the Masset Formation 
and that the Tow Hill basalt is a sill within the Skonun Formation. Tertiary hyp- 
abyssal rocks of Graham Island were called the Ethaline Formation by MacKenzie 
(1916, pp. 66-73) and were thought to be older than the Masset Formation but 
are not separately named in this study because they are believed to be directly related 
to the Masset flows. 

For convenience of reference the writer has separated the Masset Formation 
into three different facies named after Tartu Inlet, Kootenay Inlet, and Dana Inlet 
(see Fig. 17). The Tartu facies underlies most of Graham Island north of Rennell 
Sound and west of the Yakoun River and Mass& Sound. It also occurs beneath 
the Skonun Formation on northeastern Graham Island. Similar rocks occur in 
smaller amounts at localities on southern Graham and Moresby Islands. The Tartu 
facies is composed of a plateau sequence of columnar basal&, basalt breccias, and 
rhyolitic ash flows and has an aggregate thickness of some 18,000 feet. It, or more 
particularly the basalts, forms the unit formerly thought of and referred to as the 
Masset Formation. The Kootenay facies is typified by welded rhyolite tuff breccias 
and spherulitic rhyolites. It occurs primarily on the west coast near Kootenay and 
Bottle Inlets but also near Dawson Inlet. The Dana facies is formed principally 
of pyroclastic breccias of mixed basalt and rhyolite clasts and occurs on the east 
coast from Selwyn Inlet to Sedgwick Bay. Both Dana and Kootenay facies, or 
what remains of them, are very much thinner than the Tartu, being about 4,000 
to 5,000 feet thick respectively. 

The Masset Formation and, generally speaking, each of the facies overlies 
with angular unconformity all older units from Karmutsen Formation to Queen 
Charlotte Group, with degree approximately corresponding to the difference in age. 
The Masset Formation in turn is overlain with considerable unconformity by the 
late Cenozoic Skonun Formation. The Masset is intruded and locally metamor- 
phosed by some of the post-tectonic plutons. 

The age is known approximately from one potassium-argon age on a biotitic 
sill(?) near the base of the Tartu facies as Paleocene and younger and as pre- 
Miocene from the relationship with the Skonun Formation. 

Lithology.-The most abundant rock type of the Mass& Formation is dark- 
brown to black aphanitic basalt that has a subvitreous lustre and commonly 
weathers to some middle shade of grey-brown. The weathered skin is only 2 to 5 
millimetres thick. Most of the basalt has pronounced columnar joints (see Plate 
IXB) and in addition a fine platy cleavage and slight discoloration parallel to strati- 
fication and to a microscopic trachytic flow texture. Microphenocrysts and pheno- 
trysts rarely comprise as much as 10 to 15 per cent of the rock. Such dark, micro- 
porphyritic, aphanitic columnar basalts form probably half of the formation. 

Also abundant are basaltic breccias that most likely originated in diverse 
manner. The commonest variety is a varicoloured rock in dark shades of red, 
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brown, or purple with some green. The basalt fragments of these rocks vary widely 
in vesicularity and granularity as well as colour. These units occur as beds of vary- 
ing thickness but rarely more than 50 feet and commonly much thinner. Some 
beds, however, are several hundred feet thick locally. Fragments grater than 2 
feet (60 centimetres) in diameter are very rare, and maximum sizes about 2 to 3 
inches (5 to 8 centimetres) are more usual. True tuffs (that is, composed domin- 
antly of fragments less than 4 millimetres) are very rare. Some of the basalt breccias 
may have an admixture of acid fragments. Less commonly they may contain 
some roundstones. Another type. of breccia is composed of irregular homogeneous 
fragments of variable size but with many large fragments. The origin of these 
various basalt breccias would seem to range from true pyroclastic breccias for the 
commonest type to flow breccias and scoriaceous tops for the last described. 

Sodic rhyolites of variable aspect form the second most abundant rock type 
in the formation. These rocks commonly weather some light shade of buff to grey 
or purplish grey, but are dark to light prey when fresh. They are commonly streaky 
banded rocks with irregular open or drusy vesicles. Some are extremely well 
banded with sharply varying lamina: of black to buff. The rhyolites are variably 
porphyritic, many with no visible phenocrysts but others with up to 15 per cent. 
Most phenocrysts are feldspar, some are pyroxene, but quartz is very rare. How- 
ever, silica minerals with some zeolites partially fill vesicles. The groundmass of 
the rock is commonly stony aphanitic but may be glassy. These obviously acid 
volcanic rocks were called felsites, trachytes, pitchstones, and vitrophyres in the 
field, but microscopic and chemical analysis shows they are all sodic rhyolites. 

Associated with the sodic rhyolites are a few rocks of palpable fragmental 
nature which vary from white, buff, or light-grey ashy tuffs to purply grey wispy or 
eutaxitic lapilli tuff, to purplish brown or buff, very angular lapilli-sized breccia of 
non-vesicular homogenous fragments with chalcedony tilling or partially filling the 
small amount of original voids. 

All the foregoing lithological types are primarily found in the Tutu f&es, but 
occur in some degree elsewhere. The following types occur primarily in Kootenay 
or Dana facies. 

The Kootenay facies is characterized by light-grey or light-brown weathering, 
dark-grey to black acid pyroclastic rock with well-developed eutaxitic structure and 
assorted fragments, many of which are wispy collapsed pumice. On fresh surfaces 
the elastic nature of these rocks is not readily apparent, and they look like vitro- 
phyres. Fragment size varies; most of the rocks are lapilli tuffs, but some have 
many particles in 2- to 3-inch (5 to 8 centimetres) size range and some as large as 
10 inches (25 centimetres). These larger fragments generally form a relatively 
small percentage of the rock. Almost all matrix and fragments appear to be cog- 
nate. Much was originally glassy and fluid before eruption, but many of the larger 
fragments were consolidated banded rhyolites. Both fragments and matrix contain 
5 to 15 per cent of well-formed acid plagioclase laths. Accidental fragments such 
as basalt occur in small amount. The shape of fragments varies greatly from wispy 
sub-planar collapsed pumice fragments to angular feldspar crystals and banded 
rhyolite fragments to well-rounded accidental fragments. A crude large-scale (3- 
foot centres) columnar jointing is common. Beds range from 20 feet to several 
hundred feet, possibly 400 feet, thick. An excellent foliation is common--much 
is formed by eutaxitic structure but some, as in Plate IX+ is a through-going folia- 
tion. The microscopic nature confirms the macroscopic evidence that these pyro- 
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elastic rocks are welded tuff breccias; that is, ignimbrites. The size grades range 
from tuff to agglomerate, being commonly lapilli, so that they might also be called 
welded lapilli ash flows. The chemical composition is essentially identical to the 
sodic rhyolites of different aspect that form such a large part of the Tartu facies 
(see Table XIV). 

Associated with the welded tuff breccias are white- to buff-weathering greenish- 
white spherulitic aphanitic rhyolites. These rocks are not as certainly welded ash 
flows but most likely are. Spherules and drusy lithophysae may form 50 per cent 
of the rock but normally considerably less. They range. up to 5 centimetres in 
diameter but commonly are about 5 millimetres. The rhyolite commonly has an 
excellent foliation, and this traverses the spherules. If the foliation parallels bed- 
ding as it seems to, these rhyolites are only gently folded but yet contain small re- 
cumbent folds of flow origin, indicating sane movement during welding (see Plate 
IXA) Some of the foliation is formed of thin discontinuous planes of quartz min- 
erals. The spherulitic rhyolites in part are interbedded with the lapilli ignimbrites. 
Field relations are not clear but are suggestive of a general gradational relationship 
between the two rhyolitic rock types. Although different macroscopically, these 
rhyolites are similar microscopically and chemically to those of the Tartu f&es. 

The characteristic rock of the Dana facies is a fine tuff breccia of heterogeneous 
fragments in which the colour varies from light grey to a clear light green. In 
general these rocks are unbedded but some contain perceptible graded beds, al- 
though bedding planes are rarely marked. Sorting in the normal tuff breccia is 
extremely poor. The majority of the rock is composed of about 70 per cent angular 
fragments of lapilli size (4 to 32 millimetres diameter) in a finely cornminuted 
matrix. However, fairly randomly distributed although not everywhere present are 
large blocks from 1 foot (30 centimetres) to 20 feet (6% m&es) in diameter, 
commonly angular or irregular but some in sane localities rounded. The fragments 
are dominantly basaltic, but 20 to 40 per cent are finely banded rhyolite. Rarer 
are fine purplish feldspar porphyry fragments. A few specimens were found which 
contained charred wood fragments. The graded bedded tuffs appear to be reworked 
material similar to the main breccia, but rounding of fragments does not appear to 
be significantly greater. 

Intercalated with these mixed clast tuff breccias are purplish-grey feldspar 
porphyries with 10 to 20 per cent plagioclase phenocrysts, 1 to 2 millimetres long, 
and buff- and rusty-weathering light-grey rhyolites, some of which are finely 
banded. These rocks occur as commcm dykes and some tabular bodies that may 
be either sills or flows. 

Breccias similar but not identical to the Dana facies breccias occur with 
Kootenay facies near Portland Bay and near Slatechuck Mountain and Dawson 
Harbour localities. These breccias are on the whole coarser and better sorted, and 
though containing mixed clasts, they are dominantly acidic. Average particle size 
is 2 to 3 inches with maximum about 9 inches. Fragments are highly angular. 
These breccias occur in beds 1 foot to many hundreds of feet or more thick(?). 
The fragments are devitrified sodic rhyolite to dacite with some admixture of basaltic 
or andesitic fragments. Many fragments have feldspar phenocrysts. 

Variations of these general types of effusive rocks are known but are minor. 
The variations commonest are aphanitic grey-green dacite to andesite flows and 
tuffs which occur in minor amount at Slatechuck Mountain, Dawson Harbour, and 
Portland Bay localities, particularly at the former two. 
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A group of intrusive hypabyssal rocks, feldspar porphyries and gabbros, in- 
timately associated areally with the Masset effusive rocks and cutting them at a 
number of localities, are described with the Masset Formation. In part they may 
represent consolidated plug-like and dyke-like orifices or upper magma chambers 
within older rocks, but some are sill-like bodies within the Masset elisions. The 
feldspar porphyries are white to light-grey or brownish-grey rocks with stubby 
plagioclase phenocrysts (2 to 4 millimetres long), hornblende, and hexagonal biotite 
plates in a dominant (60 to 80 per cent) aphanitic matrix. Examples include the 
large elongate pluton from Cape Knox to Parry Passage, plug-lie mass west of 
Yakoun Lake, a large complex mass on southeast Lye11 Island, and many smaller 
bodies, including sills such as the one on the peak west of Ghost Creek and near 
Klashwun Point on the north coast. The gabbros are typically coarse grained but 
grade to tine diabase. They are all mafic-rich dark rocks but are otherwise quite 
variable. Examples include the large dyke-like body west of Barrier Bay on Tasu 
Sound, sill-like bodies south of Skidegate Narrows, and pipe-like bodies east of 
Moresby Lake. 

Microscopy.-The basalts of the Masset Formation are relatively uniform 
microscopically as they are in hand specimen. The mode of 25 specimens was 
estimated, some specimens were checked against point count analyses, and the total 
is as follows:- 

TABLE XII.-MINERAL COMPOSITION, MASS3 BASALTS 

1 Percentage conwositio” 



The texture is diabasic to subophitic with random discrete olivine grains and 
thompsonite, potash feldspar, and chlorite in interstices. 

Pyroclastic basaltic rocks (hence excluding flow breccias, flow tops, and col- 
lapse breccias) are commonly composed of two contrasting types of basalt frag- 
ments closely packed with little matrix. The fragments are angular to irregular 
and the matrix is formed of comminuted crystals, basaltic dust, and opaline silica. 
Fragments tend to be either holocrystalline basalt of widely differing nature or 
originally quite glassy basalt with a considerable percentage of generally irregular 
vesicles now filled with bright-green chlorite. Gradations occur between the two 
types and either may show trachytic or flow structures. They most likely were 
originally cognate accessory and essential materials respectively. A minor amount 
of rhyolitic clasts may be included. 

The rhyolites show more variety microscopically than the basalts, as indeed 
they do in hand specimen. Most of the differences are inconsequential and result 
only from minor variation in the form of devitrification. Although most of the 
rocks are devitrified, many appear glassy in hand specimen and a few are truly 
glassy when seen in thin-section. 

Particles found in the matrix of these rocks include phenocrysts, xenocrysts, 
rock fragments, vesicle fillings, veinlets and segregations, and carbon. About three- 
quarters of the rhyolite specimens contain crystals of plagioclase, and some contain 
pyroxene and iron ore. Plagioclase crystals form up to 20 per cent of some rocks 
but more commonly about 5 per cent or less. They are generally recognizable as 
belonging to one of two suites: the one of rounded, resorbed, zoned basic plagio- 
&se (An,,-,,), and the other of lath-like to rounded acid plagioclase (Art,+,~) 
fairly commonly with glassy inclusions. Either type may look broken OT glomer- 
ated. Clearly the basic plagioclase is xenocrystic, whereas the other is truly pheno- 
crystic. Pyroxene, present in about one-fifth of the specimens, is commonly altered, 
and may be hypersthene or augite. Iron ore, probably magnetite, and apatite 
needles are relatively common. Many rocks have irregular amygdules and partially 
filled vesicles, segregations or veinlets of silica minerals, and, more rarely, zeolites. 
However, quartz phenocrysts are almost unknown. Silica minerals include quartz, 
tridymite, chalcedony, and opal, any three of which may be found in the same 
vesicle. Chabazite is the commonest zeolite. Calcite and goethite are present in 
vesicles of some specimens. Rock fragments are common in perhaps a quarter of 
the specimens. Most fragments are of similar rhyolites or vitrophyres, but some 
are basalt, argillite, or carbon. 

Textures resulting from devitrification range from uniform extremely finely 
felted texture, to spherulitic, to one formed of crudely equidimensional areas about 
1 millimetre in diameter of one crystal orientation containing a dense mass of 
randomly oriented to swirly microlites. The mineralogy of these felsitic devitrified 
glasses is not known certainly but seems to involve mainly quartz or cristobalite and 
sodic plagioclase. 

Most rocks have a fine foliation or banding which may take many forms, from 
slightly curving discontinuous foliated streaks to discrete and fairly regular laminre. 
The latter cases generally represent differential devitrification of alternating bands. 
The former cases are believed to represent all that remains of original compressed 
welded shard eutaxitic structures in most of these rocks. Fortunately some of the 
glassy rocks preserve enough of these structures so there is little doubt that at least 
some of these rhyolites were welded ash flow tuffs. Plate XIIIA shows the 
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compressed and distorted pumice and platy shards and some Y-shaped shards that 
are. so characteristic of welded ash flows. Other specimens, such as ones from 
Kennecott Point to Beresford Bay, are glassy ash flow tuffs, but they are only 
slightly welded and compressed. Rocks exhibiting these textures have been collected 
in both mixed and rhyolite members and from near Otard Bay, Skelu Bay, and Tartu 
Inlet and the hills east of Port Louis and Port Chanal. 

Some of the glassy welded tuffs have a significant content of lithic and welded 
tuff fragments. As most of these are cognate, they are difficult to recognize in de- 
vitrified specimens but are definitely present in some. Perlitic cracks are common 
in some of the glassy rocks, a few of which are slightly expansible. The refractive 
index of fused specimens is 1.490~_. 

Rhyolitic tuff hreccias of the Kootenay facies are obviously welded tuffs or 
ignimbrites in hand specimen. In thin-section some are very like some of the com- 
pressed welded ash flow tuffs with rock fragments described above, but in general 
contain a greater percentage of cognate and accidental rock fragments and broken 
crystal fragments. Most specimens are quite highly devitrified, so that in thin- 
section little of the original textures can be seen. The spherulitic rhyolites of this 
facies are similar to the rhyolites of the Tartu facies but are more highly devitrified 
with large spherules. However, they may contain scattered partly resorbed pheno- 
trysts of quartz and perthitic soda anorthoclase. Lamination is relatively poorly 
defined microscopically. 

Rhyolites from other localities such as Dawson H&our may have been similar 
initially to those described from the Tartu facies but generally have been so com- 
pletely devitritied by slight metamorphism that none of the original texture remains. 

Volcanic tuff breccias of the Dana facies have a characteristic appearance in 
thin-section ~8 in hand specimen but vary considerably in details of composition, 
size, and sorting. All are composed of mixtures of angular clasts of basalt and 
rhyolite. All are dense compact rocks with little matrix and normally no original 
voids. Size of particle ranges from rare large blocks to about 1 millimetre. Sorting 
is normally very poor. Relative proportions of basalt to rhyolite in specimens 
examined is as 9 is to 7 but it varies from 1: 1 to 4: 1. An estimate for the whole 
of the facies is impossible at present but might be more basaltic than the 9:7 re- 
corded above. Fragments not assignable to either basalt or rhyolite are rare and 
include argillite and carbonized wood. The basalt and rhyolite cl&s themselves 
vary greatly in vesicularity and crystallinity. Some basalts are holocrystalline and 
moderately coarse grained; most are tine amygdaloids with chlorite-filled and rarely 
quartz-rimmed amygdules. Vesicularity up to 50 per cent is common. Most frag- 
ments show trachytic orientation of feldspar laths and some planar orientation of 
vesicles. The irregularity and angularity of highly vesicular fragments is notable. 
Rhyolites are all devitrified with f&tic textures, many are banded, some quite 
porphyritic with resorbed sodic plagioclase, and a few show remnant perlitic cracks. 
The average size of rhyolite fragments is greater than that of the basalts. Very 
angular shard-like shapes are common. Matrix finer than 1 millimetre is relatively 
minor (rarely 10 per cent), is formed of comminuted matter similar to the clasts 
plus feldspar crystals, and fills the minor spaces between the closely compacted 
clasts. What were originally voids were only seen in one specimen where they were 
filled with chalcedony. 

Much of the area occupied by the Dana facies has been metamorphosed by 
young intrusive bodies so resulting chloritization and lesser epidotization has some- 
what obscured relations. 
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The hypabyssal rocks associated with the Masset Formation are also sharply 
divided into two groups, feldspar porphyry and gabbro. 

Feldspar porphyries are composed of about 30 per cent phenocrysts dominated 
by plagioclase laths averaging 2 to 3 millimetres long, but containing hornblende 
and biotite or, more rarely, pyroxene or quartz. The matrix is a fine lathy mixture 
of plagioclase and orthoclase with quartz, biotite or chlorite, magnetite, calcite, and 
minor apatite. Estimated modes of eight specimens are as follows:- 

Plagioclase phenocrysts are oscillatory zoned over a narrow compositional 
range, are partly resorbed, and may be broken. Hornblende or pyroxene are 
altered to biotite or chlorite, calcite, and magnetite. Some of the quartz of the 
matrix was chalcedony and occurs in fibrous rosettes. The composition of these 
porphyries is between a granite and quartz monzonite and so is close to the rhyolites 
of the formation. 

The gabbros and diabases are variable in crystal size and mineralogy, ranging 
from coarse to fine with ophitic, poikiiitic, or intersertal textures. Plagioclase is 
commonly labradorite, about An,,, but ranges from Aneo-ao and forms 30 to 50 
per cent of the rock. Mafic minerals may include olivine and two pyroxenes 
(hypersthene and augite), fine chlorite, and iron oxides. Olivine, hypersthene, or 
augite may be the dominant mineral, so that the rocks may be olivine gabbro, norite, 
or gabbro, or their diabasic equivalents. All minerals are commonly quite altered. 

Chemistry.-The chemical composition of eight characteristic Masset volcanic 
rocks is shown in Tables XIV and XV and includes four rhyolites, three basalts, and 
one Dana facies tuff breccia. Amongst the rhyolites are: Column 1 (61AB86), 
an obsidian without xenocrysts or vitroclastic structure; Column 2 (61AB87), a 
devitrified rhyolite without xenocrysts; Column 3 (6lAB120), an obsidian with 
welded vitroclastic structure and some rock.fragments; Column 4 (58AB126), a 
welded tuff breccia of Kootenay facies with some accidental fragments. The modes 
of these rocks are also shown in Table XIV. The analyses are all averaged in 
Column 5 and the first two only in Column 6, which probably represents uncon- 
taminated rhyolite. These analyses are compared with Nockolds’ average peralka- 
line rhyolite and obsidian (Column 7), with which they are most nearly akin, but 
higher in CaO and MgO and considerably lower in K20. Probably the best name 
for these rocks is sodic rhyolite. 
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