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PALEOMAGNETIC NOTES ON 
SOME MINOR TERTIARY IGNEOUS BODIES, 
VANCOUVER ISLAND, BRITISH COLUMBIA 



ABSTRACT 

Paleomagnetic measurements on 130 core specimens from 13 sites in 

known or presumed Tertiary igneous bodies indicate that all tested bodies have 
a stable primary remanence of probable Tertiary age . The Kennedy Lake and 

Tofino quartz diorite stocks , dated radiometrically at 59 ±. 3 and SO±. S m . y . 
respectively, represent two distinct intrusive events on the basis of rema
nence direction . The Mount Washington quartz diorite stock (35 ±. 6 m . y . ) is 
contemporaneous with surrounding porphyritic dacite sills such as those sam 
pled near Anderson Lake and Bevan, and nearly contemporaneous with the 
porphyritic dacite sills in the Englishman River area such as the one beside 
Dash Creek which gives an antiparallel remanence direction . On northern 
Vancouver Island the rhyolite flow and tuff adjacent to the Cluxewe River may 
be contemporaneous with the Mount Washington intrusive event while the basalt 
flow on Twin Peaks is tentatively thought to represent a younger event. 

RESUME 

Les mesures paleomagnetiques effectuees sur 130 echantillons de 
carottes provenant de 13 emplacements dans des formations de roches ignees, 
connues OU presumees du Tertiaire , indiquent que toutes les formations etudiees 

possedent une remanence primaire stable, datant probablement du Tertiaire . 
Les massifs de diorite a quartz du lac Kennedy et de Tofino, dates au radio 
metre (respectivement 59 ±. 3 et 50 ±. 5 millions d ' annees ) representent deux 
phases intrusives distinctes , d'apres la direction de laremanence. Le massif 
de diorite a quartz du mont Washington (35 ±. 6 millions d ' annees) est contem 
porain des filons - couches de dacite porphyritique environnants, par exemple 
ceux dont on a preleve des echantillons pres du lac Anderson et de Bevan , et 
pres que contemporain de S filon S - Couche S de dacite porphyritique de la region 
de la riviere Englishman, comme celui qui se trouve au - dela de Dash Creek 
et qui indique une direction de rcmanence anti par allele . Dans le nord de l ' rle 
Vancouver , la coulee et le tuf de rhyolite adjacents a l a riviere C l uxewe 
peuvent Hre contemporains du massif intrusif du mont Washington , alors que 
l a coulee de basalte de Twin Peak est , pour autant que l ' on puise penser , 

beaucoup plus jeune . 



PALEOMAGNETIC NOTES ON SOME MINOR TERTIARY IGNEOUS 
BODIES, VANCOUVER ISLAND, BRITISH COLUMBIA 

INTRODUCTION 

There are several igneous bodies of known or presumed Tertiary 
age on Vancouver Island (Fig. 1). Most of the bodies sampled are described 
by Muller and Carson (1969). The Kennedy Lake quartz diorite stock on the 
west coast of the island (site 5) is about 10 miles long by 1 mile wide with 
several small satellite stocks. It gives a Paleocene date of 59 ± 3 m. y. The 
similar Tofino quartz diorite stock (site 4), 20 miles to the northwest, out 
crops over anarea of 1 mile in diameter on the north end of Esowista Peninsula, 
Felix Island and Stubbs Island where it gives an Eocene date of 50 ± 5 m . y. 
An adjacent stock on Catface Mountain gives a similar age of 48 ± 12 m. y . 
The Mount Washington quartz diorite stock (sites 8 and 9) is about l mile in 
diameter and g ives an Oligocene date of 35 ± 6 m. y. It is thought to be genet 
ically related to some surrounding porphyritic dacite sills such as those 
capping the butte by Anderson Lake (sites 6 and 7) some 6 miles to the east , 
and the one (sites 10 and 11) outcropping immediately north of the town of 
Bevan some 10 miles southeast of Mount Washington. Another very small but 
similar diorite stock some 10 miles to the southwest of Mount Washington 

8 Sampling site 

@J K-Ar date 

49"N r' Tertiary intrusive 

Tertiary volcanics 

0 10 20 30 

miles 

124°W 

N 

t 

Figure 1: Location of sampling sites and Tertiary igne ous 
rocks on Vancouver Island. 

Original manuscript received: March 26, 1971 
Final version approved for publication: May 14, 1971 
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gives an age of 39 + 7 m.y. In addition, a number of mountains in the head
wate rs of the EngliShman River are also capped by porphyritic dacite s ill s 
which are thought to be of Eocene age also . One sill of this cluster was sam
pled (sites 12 and 13) on a butte just west of Dash Creek. The radiometric 
dates have all been made by the K - Ar method on biotite (Wanless~ al. , 1967 , 

1968). 
The remaining two sampled bodies are at the north end of Vancouver 

Is land (Muller, l 970) and on the bas is of stratigraphic and topographic pos i 
tion they are presumed by J . E . Muller (per s . comm .) to be Tertiary in age . 
One is a rhyolite flow about 20 feet thick (site 2) overlain by a rhyolitic tuff 
(site l) w hich caps a small butte (""l / 3 mile in diameter) surmounted by a 
forestry lookout beside the Cluxewe River. T h e second, 8 miles to the west, 
is a 10- foot-thick basalt flow (site 3) outcropping on the upper eastern flank 

of Twin Peaks. 
Two other Tertiary igneous formations on the sou th end ofVancouver 

Island are presently being studied paleomagnetically. E . Irving (pers . comm .) 
finds that the Metchosin volcanics are dominated by unstable remanence 
components . The author finds that the Sooke gabbro is magnetically very 
stable and may contain a normal to reverse transition zone , and he is now 
working on a more extensive collection of cores from this body. 

The purpose of this study was to determine whether or not these 

scatte r e d i gneous bodies retained a stable primary remanence whi ch could be 
used to corre l ate b etween them and to confirm their presumed Tertiary age 
particul arly for those bodies w hich are not suitable for radiometric d ating . 

METHOD 

Five cores , each or iented in situ by s un compass and yield ing two 
specimens , were collected from each of the 13 sites. After measuring the 
natural remanent magnetization (NRM) of all the specimens , one pilot speci
men from each site was demagnetized stepwise in alternating field (AF) peak 
intensities of 50 , 100, 200 , 300, 400, 500 , 650 and 800 Oe and its remanence 
remeasured after each step. Based on the results of the pilot specimen , the 
remaining specimens from each site were AF demagnetized in a selected 
field (Table 1 ). After demagnetization, two cores from site 5 gave rema
nence intensities below the level of reliable remanence direction determina
tion (i.e. <5 x lo- 7 emu / cc) and were rejected. In 10 cores (3 from site 4 ; 
all 5 from site 6 ; and 2 from site 9) with rather l ow remanence intensities 
(i . e . < 5 x l o-6 emu/ cc) , the angle between the remanence directions of the 
two specimens exceeded 20 ° . In the present context, th ese cores we r e con 
sidered to be insufficiently homogeneously magnetized and were a ls o rejected. 
The site mean remanence direction and dispersion statistics were then cal 
culated for the 12 valid sites (Table 1) . 

DISCUSSION 

Except for site 9, the stability index (SI) values for all the pilot 
specimens indicate stable remanence (Tarling and Symons, 1967) . The 
presence of homogene ous primary stable r e mane nc e is further indicated by 
the l ow standard e rrors of< 3. 3° for all 12 valid sites , the presence of 



270° 

and 2 - C l uxewe River tuff and 
rhyo l ite ; 

3 - Twin Peaks CTow; 
4 - Tofino stock ; 
5 - Ke nnedy Lake stock ; 
7 - Anderson Lake sill; 

12 

- 4 -

• 13 
• 

l50 

E 

4 • 

90° 

8 and 9 - Mount Washington stock; 
10 and 1 1 - Bevan sill ; 
12 and 1 3 - Dash Creek sill; 
E - is the earth's present magnetic 

field direction . 

Figure 2 : Stereographic equal-area projection of site mean remanence 
directions . Solid (open) circles indicate positive (negative) 

or d ownwardly {upwardly) inclined directions . 

reversed remanence in 9 of 12 sites , and the non - alignment of any of the 
sites with the earth ' s present magnetic field direction (Fig . 2) . Although a 
few cores proved unre l iable because of low remanence intensities probably 
reflecting too low a magnetite concentration, most sites and all bodies tested 
yield re l iable remanence directions . 

A few conclusions are apparent from the site mean remanence direc
tions and the analysis of their variance ratios . First , the Mount Washington 
quartz diorite stock and adjacent Anderson Lake and Bevan porphyritic dacite 
sills give a consistent cluster of reversed remanence directions (Fig . 2) and 
a r e a lmost certainl y contemporaneous as Muller and Carson (1969) suggest. 
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Variance ratio analysis indicales that the two sites on Mount Washington are 
not statislically significantly different (i . e . ob 2/6w 2<F .

05
, Table 2) whereas 

those from the Bevan sill are different. The probable explanation is that 
minor posl-inlrusion teclonic movements have not deformed the stock but 
have caused slight between-site rotation in the more extensive sills. Further, 
the fact that the variance ratio test between the stock and the sills is not 
statistically significant is thought to reflect the abnormally high consistency 
of the Mount Washington stock sites and the probability of minor post - intrusion 
differential tilting of the sills during subsequent minor block faulting . The 
same between-site effect is seen in the Dash Creek sill (i.e . 6b2 / 6w2<F .05 .. 
Table 2). 

Second , the Dash Creek sill gives remanence directions that are 
almost exactly antiparallel to the Mount Washington group which suggests 
that they are very similar in age but not precisely contemporaneous since 
sufficient time for revers al of the earth ' s magnetic field mu st have elapsed 
between the two intrusive events . 

Third, the rhyolite flow and overlying tuff by the Cluxewe River are 
absolutely contemporaneous giving reversed remanence directions which are 
barely 1° aparl (ob2 / 6w2«F , 05) and their directions fall within 1° of those 
from the Mount Washington stock suggesting that these two intrusive events 
are nearly contemporaneous if not exactly contemporaneous . 

Fourth, the Twin Peaks basalt flow and Cluxewe River rhyolite flow 
give divergent remanence directions and therefore probably represent differ
ent periods of extrusion. Very tentatively, the Twin Peaks flow may be the 
younger event as it gives a pole position closer to present earth's geographic 
pole. Alternatively these two extrusive events could differ in age by only a 
few hundred years with secular variation accounting for the divergence . 

Fifth, the remanence directions for the Kennedy Lake stock and 
Tofino stock differ in polarity , diverge from antiparallelism by some 20° , 
and give a variance ratio excluding polarity which indicates that they are 
statistically different and hence that they clearly represent two distinct intru
sive events . This result supports the radiometric evidence for the two stocks 
which yield age dates of 59 .± 3 and 50 .± 5 m . y . respectively . 

Finally, all of the bodies tested give pole positions (Table 3) which 
are reasonably consistent with positions determined for other Tertiary rock 
formations of North America (Irving , 1 964) . 

SUMMARY 

The results of this study have shown that: (1) all of the igneous 
bodies studied retain a stable remanence of probable primary o r igin; (2) the 
remanence in all bodies studied was most likely acquired during the Tertiary 
thereby confirming the available radiometric and limited geolog ical ev i dence ; 
and (3) the paleomagnetic method is eminently suited for establishing corre
lations between these bodies and the other similar bodies found in the Engl ishman 
River , Mount Washington , Kennedy Lake and Tofino areas (Fig. 1 ) . 
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PALEOMAGNETIC NOTES ON 
THE KARMUTSEN BASALTS, 

VANCOUVER ISLAND, BRITISH COLUMBIA 



ABSTRACT 

The 19, 000-fool-thick Karmutsen Formation contains 2 - to 50 - foot 
thick basalt and andesite nows wilh minor sedimenlary interbeds deposited in 
a Late Triassic eugeosyncline. They have been s l ightly metamorphosed to 
pumpellyite facies by burial , gently folded probably during the EarlyJurassic , 
and slightly tilted by Tertiary block faulting, however dips rarely exceed 25 
d egrees . After alternating - field demagnetization , a reliable stable remanence 
was isol ated in 12 of 24 flow siles (119 cores lested) . The 12 site mean rema 
nence directions form two distinct groups, one positively inclined (normal) , 
and the second at right angles lo it and negatively inclined (reversed). The 
normal siles are found in the lower parl of lhe Karmulsen Formation in lhe 
Buttle Lake section and the reverse sites in the upper part suggesting poten 
tial for paleomagnelic correlation in lhe formation . Thermomagnetic analysis 
suggests that relatively pure magnetite is the sole remanence carrier in both 
groups . The fold test indicates that both groups preferably represent a pre 
folding remanence . None of lhe hypotheses examined lo explain the origin of 
both remanence groups in terms of time, tectonics , secondary remanence 
and/or aberrations of the magnetic paleofield is wilhoul objection . 

RESUME 

La formation de Karmutsen , d 'une puissance de 19 , 000 pieds , contient 
des coulees de basalte et d ' andesite , d ' une epaisseur de 2 a 50 pieds, clans 
lesquelles sonl intercalees des couches plus petites de sediments deposes 
clans un eugeosynclinal de la fin du Trias . Elles ont ete l egerement metamor 
phisees en un facies pumpellyite par enfouissement , faiblement plissees , 
probablement au debut du Jurassique, et lcgerement basculees par des failles 
en blocs produites au Tertiaire; toutefois, les pendages n ' excedenl que rare 
menl 25 degrees . Apres demagnetisation a 11aide d 'un champ alternatif, ona 
pu isoler une rcmanence stabl e el sare clans 12 des 24 emplacements de coulee 
(essais effectues sur 119 carottes ). Les directions de la remanence moyenne 
des 12 emplacements formenl deux groupes distincts, l ' un etanl incline posi 
tivemenl (normal) et l ' autre elanl perpendiculaire au premier el incline nega 
tivement (inverse). Les emplacements a orientation normal e se trouvent clans 
la parlie inferieure de la formation de Karmutsen , clans la seclion du lac 
Buttle , et les emplacements a orientation inversee de trouvent clans la partie 
superieure , ce qui l aisse penser a une correlation paleomagnetique possible 
clans la formation . L ' analyse thermomagnetique permet de penser que de la 
magnetite , relativement pure , est seule porteuse de la r emanence clans les 
deux groupes . L ' essai de plissement indique que les deux groupes presentent 
une remanence tres probablemenl anterieure a tout plissement. Toutefois, 

toutes Les hypotheses envisagees pour expliquer l'origine des deux groupes du 
point de vue temps , tectonique , remanence secondaire ou aberration du champ 
paleomagnetiqu e , sont sujettes a objection . 
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PALEOMAGNETIC NOTES ON THE KARMUTSEN BASALTS, 
VANCOUVER ISLAND, BRITISH COLUMBIA 

INTRODUCTION 

The Karmutsen Formation, lowermost portion of the Vancouver 
Group (Muller and Carson , 1969), underlies about one-half of Vancouver 
Island (Muller, 1970). The formation, up to 19,000 feet thick, is composed 
of dark grey to black basalt and andesite flows with minor interbedded argil
lite, limestone and aquagene tuff members. The pillowed, brecciated, and 
massive flows are commonly amygdaloidal and occasionally porphyritic. 
They vary in thickness from 2 to 5 feet in the lower part of the formation to 
20 to 50 feet in the upper part (Surdam, 1 968). The sediments in the upper 
part contain Late Triassic (Karnian) fossils (Muller and Carson , 1969; 
Muller, J.E., pers. comm.). The formation was deposited as an early 
event in the submarine environment of an early Mesozoic Cordilleran eugeo
syncline. Subsequent burial to a depth of 5,000 to 20,000 feet has resulted in 
regional metamorphism up to the subgreenschist pumpellyite facies only . 
The formation has been gently tilted in broad open folds with dips of generally 
less tho.n 25 degrees except immediately adjacent to north-striking, vertically 
dipping faults produced by block faulting . 

The study was undertaken to test the potential of paleomagnetism in 
assisting in regional correlation between flow sequences throughout Vancouver 
Island, to check on the age of the lower Karmutsen which could be as old as 
Permian, and to see if Vancouver Island has moved as a tectonic block since 
the Triassic . 

METHOD 

Two specimens were cut from each of 119 cores , each oriented in 
situ by sun compass and collected from 24 sites on Vancouver Island (Fig. 1 ). 
After measuring the natural remanent magnetization of each specimen, one 
pilot specimen from each site was demagnetized step - wise in alternating
field (AF) peak intensities to 50 , 100, 200, 300 , 400, 500 , 650 and 800 Oe 
with its remanence remeasured after each step. Based on the results from 
th pilot specimen , a field intensity was selected in which the remaining 
specimens from the site were AF demagnetized . For 8 sites a second higher 
field intensity was also used to " clean" the remanence (Table l ). 

ANALYSIS 

Step demagnetization of the pilot specimens indicates that the rem.a 
nence in the Karmutsen basalt is dominated by unstable components , i . e . the 
stability index (SI) values (Tarling and Symons , 1967) (Table 1) indicate that 

a stable remanence is isolated in less than one - half of the specimens . Also, 

Original manuscript received : March 26 , 1971 
Final ve rsion approved for publication: May 14 , 1971 
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Figure 1: Location of sampling sites in the Karmutsen basalt on Vancouver 
Is land. 

anhysteretic remanence (ARM) is apparently introduced by the demagnetization 
process {Doell and Cox, 1967) above the 300 Oe step in nearly all the speci
mens as their remanence directions start to scatter randomly and their rema
nence intensities show irregular variations . ARM is also evident in sites 
which we re AF demagnetized in two field intensities. Except for site 16 
which was a lready well scattered by 300 Oe, the higher field cleaning greatly 
increased the within-core scatter {Table 2). Except for site 16, the rema
nence directions for the higher field cleaning are not conside red further. 

The 16 cores with remanence intensities after cleaning below the 
instrumental limit of 5 x io- 7 emu/ cc for consistently reliable remanence 
direction determination, were rejected (Table 1 ). Next, the 15 cores were 
rejected for which the angle 8 between the remanence dir ections of the two 
contained specimens exceeded 40 degrees. The plots of the mean remanence 
directions for the remaining 88 cores both before and after tectonic correc
tion proved widely scattered both positively and negatively to the north (Fig. 2) 
without forming a consistent cluster. Tectonic corrections for the dip in the 
flows were made by simple rotation about the strike through the dip angle to 
the horizontal. In addition the cores in more than half of the sites give 
within-site remanence directions with a smeared , "mixed -polarity" but never 
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TABLE I: SITE REMANENCE STATISTICS 

Site Str Dip N SI Haf Reject n Site Mean Remanence 

a D c D I R SE De 

l 105 35 6 4.6 300 5 l 0 

2 290 I 5 5 6.3 300 3 l l 0 

3 305 25 5 7.2 300 l 4 23.8 40.8 3. 7412 11. 9 

4 27 5 25 5 9. 3 300 5 301. 6 63.6 4. 9428 4.3 329. 6 

5 275 20 5 I . 7 400 I 4 19. 6 -10.0 3. 97 51 3. 7 21. 5 

6 270 2 5 I . 7 200 2 3 329.3 -22.3 2. 9694 5. 8 328 . 9 

7 360 0 5 3.2 300 2 3 338. 7 -38. I 2. 2962 27. 7 

8 280 10 5 6.6 300 I 4 0.3 10.2 I. 9240 33. 7 

9 265 20 5 7.9 300 3 2 0 

10 290 20 5 I. 7 500 5 0 

11 330 25 5 2.0 300 5 0.3 62.9 4.9819 2. 5 26. I 

12 280 25 5 2.2 300 2 3 10.6 73. 7 2. 9685 5. 9 I 0. 2 

13 270 20 5 5. 9 300 2 3 12. l 68.5 2. 9710 5. 7 6. 7 

14 5 10 5 l. 4 300 2 3 26.0 -42. I 2. 97 54 5.2 16. 9 

15 360 IO 5 I. 5 200 5 15.0 30.6 3.2855 23. 7 

16 360 10 5 0. 7 650 3 2 10.2 -51. 7 I . 9778 8. 7 357.3 

17 310 17 5 l. 0 200 4 I 0 

18 270 2 5 l. 0 200 3 2 23.6 36. 7 I. 9948 4 . I 23.0 

19 330 3 5 8.0 300 2 3 334. 3 41. I 2. 9769 5.0 336.9 

20 315 15 3 2. 5 400 2 l 0 

21 85 20 5 2. I 300 2 2 I 0 

22 85 20 5 14. 2 200 3 2 82. 7 -39.0 I. 991 7 5.2 83 . l 

23 320 15 5 l. 0 400 l 2 2 32.6 52.8 1. 9998 0.8 l 3. 7 

24 350 10 5 5.2 500 3 1 I 0 

Notes: 

Str, Dip strike and dip of flows in degrees using the right-hand convention 

N number of cores collected 

SI stability index value 

Haf intensity of AF demagnetization field in oersteds 

Reject cores rejected because (a) intensity of remanence <5xlo-7 emu/cc , (b) angle 
between specimens11>20° , and (c) sole remaining core to representing site 

n number of cores given unit weight 

D, I, SE declination, inclination and standard error in degrees 

R length of resultant vector 

De, l e declination and inclination after tectonic correction 

le 

46 . 7 

-29. 3 

-24.0 

45 .2 

48 . 7 

48.8 

-44.9 

-52. 3 

34. 9 

40.8 

-47.0 

46 . I 
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TABLE 2: Averagc wilhin-co r e scalter o n AF demagnclization 

ile 

5 
7 
8 

l 5 
l 6 
18 
22 
23 

N o t es : 

HI 91 Hz 92 

400 12. 3 65 0 34.4 
300 20. I 80 0 79 . 5 
300 8 . 2 650 58 . 5 
200 8.0 5 00 82. 7 
300 41. 5 65 0 39 . 2 
200 21 . 4 50 0 44 . 5 
200 l 3. 7 650 54 . 5 
400 32 . 0 650 74 . 7 

AF demagnetization fiC'ld intens ity in oe rste ds 

mcan of the 9 angles for the s it<' ; 
9 for a core is the angle between the r e manence directory 
of its two spec imens in degrees 

TABLE 3 : Sites h avin g corcs w ith smeared o r "mixed-po lar ity " 
r emanence directions 

Site Pos itive Cores I ntermecl i alc Cores Ncgalive Cores 
t-

1 2 4 

3 3 2 

5 2 3 

6 2 3 

7 2 2 

8 3 2 

12 3 1 l 

13 4 l 

14 1 3 

1 5 3 l 1 

21 l 1 l 

22 3 2 

23 2 1 2 

I 

N otes : Positi ve co r es h ave inclinations of ( > +30 ° ) , Inte rmediate (+30 ° to 
- 10 ° ), and Negative (> - 10 ° ) b efore tectonic co rr ec tion . 
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Figure 2 : Equal - area stereographic projection of 88 core mean remanence 
directions with 9<40° ; positive (negative) or downward (upward) 
inclinations are shown as solid (open) circles and Eis the earth ' s 
present magmatic fi eld direction for Vancouver Island . 

dipolar distribution (Table 3) suggesting the presence of two relatively stdble 
remanence components . This possibility was examined by testing four repre 
sentative samples from specimens with positive, intermediate or negative 
remanence inclinations up to 630 ° C and then cooling them in a saturating 
magnetic field . None of the samples produced irreversible changes in satu
ration magnetization suggesting the presence of only one significant ferro
magnetic mineral (Fig . 3). Further , all samples have similar thermomag
netic saturation curves with single Curie Point temperatures close to 600°C 
indicating that relatively pure magnetite was the soles ignificant remanence car
rier ; and thes e results were consistent with the results ofE . Irving (pers . comm.) 
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Figure 3: Thermomagnetic curves obtained during heating and cooling at a 
rate of 5° C/min. of 20 mg samples for ferromagnetic mineral 
concentrates from (a) site 6 (positive remanence inclination) , 
(b) site 3 (intermediate) , (c) site 5 (intermediate and (d) site 6 
(negative) in an applied field of 3210 oersteds and an air pressure 
of 2 x io-2 torr. within the instrument. 

who found that both AF and thermal demagnetization yield similar remanence 
directional distributions. Thus the mineral magnetic evidence does not 
support the presence of two relatively stable remanence components. 

Based on observation that the cores with distinctly negative rema
nence inclinations tended to have greater within-core consistency and rema
nence intensity, it was decided to reject all 45 cores in which the angle 9 
exceeded 16 degrees as insufficiently homogeneously magnetized . Also the 5 
cores which were the sole remaining cores to represent their site we re rejected. 
The site mean remanence statistics were then calculated for the 16 sites 
having 2 or more homogeneous cores by giving each core unit weight. The 

4 sites giving a standard error (SE) in excess of 10 degrees were rejected 
leaving 12 reliable sites. 
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DISCUSSION 

The site mean remanence directions for the 12 remammg reliable 
sites form two groups - one of 7 normal directions and one of 5 reverse 
directions (Fig . 4) - both before and after tectonic correction (Table 4) . In 
both groups the site mean remanence directions are statistically significantly 
different , i.e . ob2/bw2 » F •05 (Larochelle, 1969) as would be expected for 
flows extruded at different times. Also the dispersion of both groups is 
decreased by applying tectonic corrections suggesting that both acquired their 
remanence prior to folding although the improvement is not statistically 
significant and the mean directions are not moved by a statistically signifi
cant amount by making tectonic corrections. 

Despite the high incidence of remanence instability, there is some 
evidence that remanence polarity could be used for correlation in the Karmutsen 
basalts . In the Buttle Lake section, sites in the lower portion of the section 
(sites 12 , 11 and 4) have positive remanence inclinations whereas those in 
the upper portions (sites 5 , 6 and 16) have negative inclinations. In the Comox 
Lake section sites 22 (negative) and 23 (positive) are separated by a fault so 
that their interpretation is in doubt. 

There is no unequivocal explanation for the origin of the two groups 
of remanence directions in the Karmutsen basalts. Both directions are of 
equal stability but are about 90 degrees apart. The negative or reversed 
group gives a pole position that is clearly discordant from those of other 
Upper Triassic formations from tectonically stable areas in North America 
(Fig . 5) . There are sever al possible explanations for this discordance. 

First , the Upper Triassic magnetic pole may have made a prolonged 
excursion from its usual Upper Triassic position into the equatorial area . 
Gromme and Gluskoter (1965 ) and Saad (1969) invoked this hypothesis to 
exp l ain aberrant paleomagnetic results from the late Mesozoic Franciscan 
Formation and Red Mountain ultramafics respectively in California. However, 
the synoptic lists of pole positions (Irving , 1964; Khramov and Sholpo, 1967; 
McElhinny, l 968a, l 968b, 1969) reveal no other potential examples of such 
an Upper Triassic excursion which would have had to last long enough for 
several thousand feet of basalts to be extruded. 

Second , the reversed sites could contain a stable secondary rema 
nence such as the chemical remanent magnetization (CRM) found by Schaeffer 
and Schwarz (1970) to be replacing the original thermoremanence in sub 
oceanic basalts . Unfortunately for this possibility, the thermomagnetic 
curves show no evidence for such CRM replacement. Also, the reversed 
sites come from the upper part of the flow sequence and therefore they are 
less likely to have been thermally metamorphosed than are the normal sites 
which have similar ferromagnetic mineralogy in any case. Finally, the 
reversed sites give a pole position which is totally inconsistent with known 

post-Triassic pole positions for North America. 
Third , and requiring that the normal flows possess a stable second

ary remanence, the whole of Vancouver Island could have been tectonically 
translated and / or rotated. A time limit is placed on possible tectonic move
ments by paleomagnetic results from the mid-Jurassic Island Intrusions of 
Vancouver Island which indicate that the island has not moved appreciably 
since their emplacement except possibly for minor clockwise rotation (Symons , 
1971 ). Sufficient vertical rotation to account for the discordance is incom
patible with the generally horizontal attitude of the Karmutsen flows . Horizontal 
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Figure 4: Equal-area stereographic projection of the stable site 
mean remanence directions after tectonic correction with 
positive (negative) inclinations shown as solid (open) 
circles, and the earth's present magnetic field direction 
(E) for Vancouver Island. 
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90°E 

90°w 

Figure 5: Projectl.on of the northern hemisphere showing the sampling site 
(solid square); the pole positions of the Karmutsen basalt's normal 
and reversed groups both before and after tectonic correclion (N, 
R, N 1 , R' respectively) are shown as circles and the Jurassic 
Island Intrusions as a cross with their cones of 95% confidence by 
dashed lines; the mean pole position for the Upper Trias sic is 
shown as a circled X and the represented poles by an X using date 
from the Chinle Formation (Collinson and Runcorn, 1960), North 
Mountain basalt (Larochelle, 1967; Carmi chae l and Palmer, 1968), 
Grand Manan lava (Carmichael and Palmer, 1968), Great Dyke 
of Nova Scotia (Laroche lle and Wanless, 1966), and the Newark 
Group from Massachusetts (Irv ing and Banks, 1961), Connecticut 
(de Boer, 1968), New Jersey (Opdyke , 1961) and Pennsylvania 
(Beck, 1965). 

rotation would require that the island be swung around through 180 degrees. 
Translation of the island requires, in addition to some 30 degrees of clock
wise rotation, about 50 degrees of movement over the earlh's surface within 
the late Triassic - mid-Jurassic interval of about 40 m.y. which is a rale of 



- 21 -

about 13 cm/yr. This slightly exceeds the maximum rate for crustal sepa
ration (and presumably for convergence also) given by Vine (1969) for the 
Pacific crustal plate from the Cenozoic sea-floor magnetic record. If trans
lation of the island from the southern to northern hemisphere has occurred, 
then the pre-Jurassic geo l ogical records for the island and adjacent mainland 
should produce incompatible lithologies, faunal assemblages, etc. This does 
not appear to be the case as Yo le (1963) for example, correlates fauna from 
the early Permian Sicker Group in the Buttle Lake area with fauna from 
formations in central Oregon, northwestern Washington, and central British 
Columbia. Another difficulty is that tectonic movements of the necessary 
magnitudes would almost certainly have caused more severe deformation of 
the Karmutsen flows than appears to be the case. 

Explanations for the origin of the remanence in the normal sites are 
considered next. 

First, they could retain a primary remanence in which case as imple 
clockwise rotation of the island of about 25 degrees would bring its tectonically
corrected pole position into coincidence with poles from Upper Trias sic 
formations in tectonically-stable North America (Fig. 5). This is consistent 
with the possibility of minor clockwise rotation suggested by paleomagnetism 
for the Island Intrusions (Symons, 1971 ), and it requires that the remanence 
of the reversed sites originate by either the first or second mechanism given 
above. 

Second, the normal sites could retain a post-folding secondary 
remanence acquired during burial or intrusion of the mid-Jurassic Island 
Intrusions. The overlap in the cones of 95 per cent confidence about the 
uncorrected normal-sites pole and the Island Intrusions pole favours this 
hypothesis, however the apparently identical ferromagnetic mineralogy of the 
normal and reversed groups does not. 

Thirdly, the normal sites may be retaining an unusually stable sec
ondary viscous remanence. This is unlikely because reversed sites with 
apparently identical ferromagnetic mineralogy are unaffected, and because 
the cones of 95 per cent confidence for only 2 of the 7 normal sites encom
pass the earth's present magnetic field direction. 

In summary, none of the explanations for the origin of both normal 
and reversed non-dipolar remanence in the Karmutsen basalt are without 
objection . 

CONCLUSIONS 

r) The Karmutsen basalts possess significant components of unstable rema
nence. In this study a stable remanence was isolated in only one-half of 
the sites. 

2) Remanence instability is sufficiently common to militate against the use of 
paleomagnetism in studies on detailed correlation between flows and on 
block-faulting tectonics. However, there is evidence in the Buttle Lake 
section to suggest that a normal-reversed paleomagnetic stratigraphy can 
be successfully employed in the Karmutsen basalts. 

3) The basalts possess two equally-stable remanence directions, one posi
tively inclined or normal, and a second negatively inclined or reversed 
but perpendicular to the normal direction. 
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4) Fold-test results indicate that it is margina lly probable that both n ormal 
and reversed r emanences originated before t h e flows were folded. Except 
for minor tilting associated with Tertiary block faulting, paleomagnetic 
evidence from the Is land Intrusions (Symons, l 971) indicates that the fold
ing occurred before the mid - Jurassic coo l ing of the Intrusions . 

5) Thermomagnetic analysis suggests that both normal and reversed flows 
have similar ferromagnetic mineralogy. Their remanence likely r esides 
in relatively pure magnetite only, and is likely thermal in origin. 

6 ) None of the hypotheses examined to explain the origin of both remanence 
directions in the flows in terms of time , tectonics, secondary remanence, 
or aberrations of the magnetic paleofield is without objection . Logical 
extensions of this study to attack the problem include study of the magnetic 
mineralogy of the flows especiall y in relation to thermal effects , and of the 
paleomagnetism of Karmutsen flows from the Queen Char l otte Islands. 
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