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~tain and Mt. Edziza Ranges are typi‘g':a.l“exa'rr{éfgf;

ABSTRACT _— ‘
o .

The Hear-’c Peaks ‘volcanics"'-of northwestern British Columbia

el : - f

' represent pne of a series of late Cenozoic eruptive centres which form

. N %_ -
shields of alkali basalt and related volcanic rocks. The;Lievel Moun-

iy :
P o o

‘volcanism. The Heart Peaks plateau is a series.of fﬁlat‘-—fyi}(lg’, “fine -

. . r .
gréined and porphyritic flows and related pyroclastics belonging to
: v ) ' _ - .

the Level Mountain Group. Associated with the platea‘u lavas are

rhyolite and trachyte domes of the Heart Peaks Formation. The acid

‘rocks aLppear to be closely related to the plateau series, having been

erupted cont,empo'raneously but likely from different vents‘ than the

4 o

basic rocks..

Compositions in the Level Mountain Group rangﬁ\e from ankar-

- amite to andesite and trachyte." Mdjor and trace element variation in

Level Mountain Group rocks give trends indicative of a fractional
crystalliz‘a'tfo‘n sequence. Basaltic rocks are transitional to mildly
alkaline. Alkali basalt and hawaiite are the most voluminous com-

‘positions. . Basic rocks contain abundant cognate inclusions Containing

olivine, ‘clir‘t&pyroxeng, kaber.sutite,’ titanomagnetite, plagioclase and

- S~

~alkali-feldspar which is indicative of the ;\ﬁxqfalogy of %,he fine~-grained

“a

eruptives.’
Strontium and oxygen is’otope compo siti_c‘)ns" support a mantle
origin for alkali basalt and high abunciaﬁces -of large-ion lithophile

1iv - . - P

;
-
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'

elements are compatible with n'iodels where small degrees of partial
melting of peridotite give rise to alkali basalt.
'ol“hezroc-ks of the Heart Peaks Formation differ from acid rocks

of other northern B.C. centres in their lack of peralkaline compos-

itions. There are no alkali-rich ferromagnesian minérals which are

typically found in acid rocks associated with the Level Mountain and

<.

- Mt. Edziza Ranges. The close a‘ssociatic’)’nu in space and time of acid
E ‘ wr I : i

rocks to the basic rocks of the Level Mountain Group ‘suggests a mutdal
. e : o |
relationship, but the lack of compositions in the intermediate range

and the ‘highly altered nature of the-acid rocks/ma}‘kes this link obscure.

The importance of alkali basalt as a significant regional ma‘gmé
7 . .

type is supported by data from Heart Peaks. Evidence from the Heart
Peaks area supports'Souther‘s (1970, 1977a) model for the tectonic
regim‘e of late Cenozoic volcanism in the Stikine belt of northern-

British Columbia, where alkali basalt magma is generated in a ten-

sional tectonic environment. L
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CHAPTER I

INTRODUC TION

&

This study of the volcanic rocks of the Heart Peaks plateau of
e ‘ . »

.northwestern British Columbia was begun in the fall of 1976 as part of

a programn to investigate late Cenozoic volcanism in the western )

Ta -

Canadian Cordillera. Investigation of the éeology and petr;lovgy t3£ the
Heart Peaks and Level 'Mm‘lntaiﬁ vdlcanic centres was s;gée sted by

'J. G. Souther of the Geological Survey of Canada, following studies of
~ the Mount Edziza pent.re (Sén-xther, 1970; Ségther and S{(mon.s,“ 1974).
The ,locatioﬁ of the study aréa is shown in Figure' lf\, Dr. C. M ; S.carfte

of the University of Alberta has initiated the Heart Peaks project as .

part of a continuing effort to characterize this. episode of volcanism in
. _ ' . ‘.
northern British Columbia.

K
_—

. . - . .
The broad objectives of the project are twofold:

. i} to study/jhévpetrolog’y of the H_éart Peaks volcanic centre;
L7 ) .
1i) to relatej the’volcanisrri to Ul‘arge scale te;tonism in nort'hegri“
- B.C. |
.,I\?’\revio_p.s re searéh inb this ‘aréa has emphasized the rélationship ’l‘)e-

tween recent crustal movement in the northern Cordillera and associ-

ated volcanic belts {(Souther 1970, 1971, 1977;‘G§’grielse and Wheeler,
1961). Information from the Heart Peaks centre is needed to comple-

ment data from other such centres in thhg region before a consistent

‘model can be proposed to interpret the local tectonic regime. Previous .

i

b

1. o



.
work in the Heart Peaks afea has not involved any detailed pgtrological -
discusslion'.y Prelir‘ninary petrographical observé%{ons were bgg.un in
the fall ‘of 1976 and a detailed mapping project vw-/a;; begun in the summer
of 1977 with the f_ollo;vihg, objectivgé:

i) to dglineate the areal extent of the two compositionally

distinct rock units previously described in the area (Souther 1971);

/il) to describe the stratigraphic sequence of the volcanic units;
iii) to"interpret the time-stratigraphic relationship between

the map units ;

.

iv) to observe physical Vqlcanologigal-aépeb’ts of the rocks and

determine how these relate to their genesis. .,

,/

In the discussion of the petrogenesis of the Heart Peaks volcanics

~a comparative approach may be appropriate, utilizing well known |

magma associations and tectonic regimes.’

-

w0



Heart Peaks

A 2
Level Mounta}n

)

- "Fig.l. Location map,Heart Peaks area,northwestern

-Bfitish Columbia.
. J
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‘CHAPTER II
g PREVIOUS WORK

S

Early reconnaissance expeditions thrbugh the Heart Peaks area

were conducted in the 1920's in the hope of finding mineral deposiés -

similar to the lea'd-zinc showings near Atlin to the north, and the

¢

placer dold occurrences.near Dease Lake, to the east. W. E. Cockfield
(1925) described the topography and genéral geology of the area and

produced a map includirig the Cenozoic volcanics of Heart Peaks.,

He provided some petrographic observations on the-lavas and noted
that the acidic rocks appeared to be younger than the basic rocks. He
' TN

—

suggested that the volcanics were late Tertiary and Qua.\t\'ernf‘rl/n age.

‘Since much of the area:was underlain by these unminera ized, flat-
lying volcanics, the économic potential of the area was .considered

poor and the Heart Peaks area has seen little exploration activity until

recent years.
. 5,

N

-

Mapping by Gabrielse and Souther (1962), and Souther (197 1)
defined the principalirock units present in the Heart P‘ég.ks plateau.
The plateau is located paftly on the Dease Lake sheet (Gabrielse and

Souther 1962) and the Tulsequah sheet (Souther 1971). The work of

Squther (1970) and Moxi'lger,_jg_t_a_l. (1972) empha;ized the rol‘etha't
Ceriozéic volcanics play tbroughout the intermonténé belt in under-
;tanding th-e te cton’ic- evolution of northern Br_itish Coiumbia.

Froﬁ Eocene to Miocene times a fundamental change occurred from

v

-



B
calc-alkaline volcanism to activity of an alkaline to peralkaline nature.
.This change reflecté"c-lm chéngir}g tectonic relationshipsin the Canadian
Cordi]:léra. Early Cenozéic volcanism was calc'-alk;al_ic in character
-and this has been ilnterpreteci by Souther (1970) to indicate active sub-
duction of oceanic crust beneath thé western Cordillera. When the
relative movement'between the Pacif-;c and North American plates
changed from underthrusting to simple shear in Late T;:artiary and ",
Quaternary times, a corre spoﬁding change of eruptive style occurred,’
from explosive eruption of'calc—;lkaline lava to quiet eruptio‘n of
alkali-olivine basalt. This late Cenozoic volcanism in nc;rthern
iBritishv Columbia can be.:_contralsted with the calc-alkalic volcan?ism‘of
the Cascades of northwestern U.S. A, where the Pacific plate is beiné
a_cfively underthrust beneath the North American plate (Souther 197_0);

Souther and Symons (1974) descrijed the strati%raphy wand

paleomagnetism of the Mount Edziza comple;(, located 100 miles south
of- ‘Heart'Peaks,‘ which représents the larges;t of the late Tertiary aﬁd
Quaterna‘xyi‘y c;)mpositg volcanoes in northern B;jité_sé";j(}blumbia.
Paleomagnetic studies are used to cor;e}é.@%ﬁé"yolcanic succession
and have illustrated the perio@iﬁ: naturewéf yolcanic.activity at Edzi.za.'
Edziza and the Level Mounta;n centre are important to the present study

which the art P.eaks rocks may

as they 'are'the"énly local centres

be directly comppred. Edziza 6ffers a complete] stratigraphic section
of volcanic acti ty from 6 m.y. b. p. through to very recent times. The

.sequence inclides several episodes of uniform alkali olivine basalt



flows which are the predominani: lava type in the pile. Alternatihg with

the alkali basalts in each seq\ience are alkaline and 'pefalkaline salic

’

rocks.
Bevier (1978) has de scribed alkaline and peralkaline- volcanism

‘ 2% '
in the Rainbow Range of west-central British Coluthbia and interprets

L

the sequence as representative of a classical differentiation suite from

a basaltic pafent;

s

Figure 2 shows the distribution of Late Tertiary and Quaternary

volcanics in British Cplumbia énd},Yukon, together wi_th the regional

fault pafterns.A There is a close relationship between the Edziza Range
and nofth—soutl;l trending normal faults along which movement has

occurred during the volcanism. North-south tensional faults associ-

ated.with the Edziza pile offer a pos?sibl‘e‘ structural control for rising

basaltic magma.. The basaltic magmas were generated in four pulses
. :

. of ‘acfivity'at 6.0 m.y., 5.0 m.y., 1.0 m.y-., and 0.5 m.y. b.p:

1

The volcamcs of the Level Mountain Range a large shield

plateau 16 Km t0f~the east of Heart Peaks are presently being studled

)

'“(Hamllvton. and Scarfe, 1977; Hamilton, Baadsgaard and Scarfe, 1978)

_ Though subordinatév in volume, peralkaline salic rocks are impo.rtant

. \ » :
as flows in the central /region. The Level Mountain Group basic rocks™

_ belong to the alkali basalt serj.eé but the origin'of the associated

;qeraikalin’e rocks is a matter for debate. Current investigators appeal

PR

“to two mechamsms for the origin of the peralkahne sahc rocks at

(\, .

Edziza and Level Mo}fffain:,



A

PLEISTOCENE AND RECENT

VOLCANOES
.

<l ‘MIOCERE ,PLIOCENE

\

-Fig‘. 2. Di;‘tribution 6f late Tertiary and Quaternary volcanic
rocks of British Columbia and Yukon Territory.(after Souther,1970)



s

a). by classic differentiation from a basaltic parent (Southér

s

1974; Bevier 1978).
b) as a primary magma type (Hamilton, pers. comm.).

The volumetric predominance of alkali basalt at Edziza and
3 ' :

+ | |
Level Mountain argues that it is a characteristic primary magma type.

L4

-Souther (1977) has reviewed volcanism and tectonic associations

-

in northern British Columbia within a wide regional framework which

includes ‘the Wrangell Belt of southern Alaska and Yukon, and the
. ,

Garibaldi and Anahim belts of southern _Britis.h Columbia.  The Level

' Mountair_l, Edziza énd Heart .P»eaks centres are ‘grouped into the Stikine
belt. The Wrangell rocks appear to b;e analogo;ls with those of the
Garibaldi and High Cascades. The Wrangell and Casé:aé_i'e volcanics

display calc-alkaline chemical trends typical of environments where
~

subduction is occurring at continental margins. Based on the observa-

tion of strong chemical variation and strong alkali enrichment, the

!

chemistry of the Stikine belt volcanics is consistent with a rift-type

o

~ environment. *Souther (1977) has emphasized that the distinct changes

.in late Cenozoic volcanism along tectono-stratigraphic belts of the

° D

Cordillera indicates that extrapolation of tectonic environments cannot
be made along the length of the Canadian Cordillera.

This discussion of 'gh;z Héax;t Peqlés volcanics will outline the
’ petrogenesis within the framework of the “Stiff{ine belt volcar;ics, em-

pha'fsizing the relationship to other centres such as Level Mountain and

Mt. Edziza.



CHAPTER III
COMPARATIVE MAGMATISM

¢

A summary of tectonic environments and magmatic associations
seen in well known centres of Cenozoic, continental alkaline velcanism
will be useful in gaining a frame of reference within which the Heart

Peaks volcanics may be considered. The regional significance of alkali

-
Pel

olivine basalt'magma in northern British Columbia ma}f'be evaluated if

comparisons with similar centres of volc‘ani,sn'}/can be seen to be valid.
- - / . .

Features which have been found to b,e‘/common factors influencing
. . . ‘/-ﬂj’ I

‘regions of .continental alkali basaltic volcanism ip’cﬂl/u‘d’e thin continental

crust, high heat flow, tensional tectonic regimés, and often, spatial
and secular variations in magma compositions. In most cases, the

dominant element which controls volcanism is lithospheric structure.

Thin continental crust, in the order of 25 to 35 km thickness ia/y)ical
of the Basin and Rarig_e Pfovince of western U, S, A, , (Leeman and Rogers,
' 1970; Scott et al., 1970; Cook, 1969).and 'the northern part of the East

African Rift and the Afar region, (Ba_rb'er.i"et al., 1975; Mohr, 1968;

o

De Fino et al., 1973). The cgmbination of tensional tectonic elements

I3

associated with local thinning of i:ontinental, crust in these magmatic /\

provinces is strong evidence that the structuré of the lithosphere may

f

be the most important control on the site and character of volcanism as

suggested by Bailey (1976). THhodgh detailed¢geophysical data on the
. l\ } .
crust of northern British Columbia east of the Queen Charlotte Fair-

v

10
-
\

\



11

weather Fault sfste‘m is lacking, the crﬁ'st is t.hought‘.to be relativély
thin be;ieath the western Cordillera cornpared to areas further east
where Phanerozqic rocks are thdught to be underlain by preéambrian
.basement. * White et al., (1.968) indicate that crustal thickness may-
A

be of the order of 30 km in central British Co}\umbia.

ﬂa;a:b-én-like depressions and normal faulting as seen in the Eakstv
N African Rift, the Tertiary and Quaternary magmatic érovinee of France
a.ndvcentral Europe (Wimmenauer, 1969) and eastern Australia
(Wellman and MacDougval, 1974; Wilkinson, 1968) is a reﬂlection of the

regional tensional tectonic environments, causing volcanism to occur

- - - . - | g B
in narrow linear belts. Volcanism in eastern Australia may have

1]

rﬁigrated eastward over time, but single episodes of activity occurred ‘
in generally north-south trending belts. With re spect to the tectonic

17

regime of northe‘:rn_Briti'sli Colur‘nbia, Souther (1977) has emphasized
‘cheﬂ ‘Iinear distribution of 1até-’:ertiary and Quaternary eruptive centres
of the Stikine Belt and that tensional forces may be related to right:
lateral movement which ‘is bccurring on the Queen Charlotte -
Fairweather Fault system to the west. In the Edziza Range north—soﬁth
normal faulting is known to have been active during the p‘eriod of
vo%cani@ctivity (Souther and Symons, 1970). At'Hleart Peaks, there;

is no evidence for contemporaneous faulting and volcanic activity, but
= B

the occurrence of consistently north-south trending basaltic .d)"rkes
. . t (/( .
suggests that some crustal element may have influenced fissure type

activity.-

~
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" The association of alkali basaltic voglcanism with the continental

rift type environment is seen to be _s’cronge{3 in the East;African Rift.
. . > . —— e
Compositional variation of magm‘a type appears to change from tholeii’gic

-

in the Red Sea-Gulf of Aden region to progressively more alkaline com-
positions ‘towards the south in Ethiopia and Kenya. Tholeiitic basalts

are found associated with alkali basalts iy most examples of rift en-

o

vironments but nozrrflally tholeiites are subordinate in volume. In the -

-~ . » -

RV

Basin and Range Province, eastern Australia and the Baikal Rift,
4contemporaneous alkaline and f‘h(’)leiitic rocks have been euggested by
& . ‘

most investigators to 'be_associat'edwith a common parent. Strong bi-

modality in silica contents is often charicteristic of the,mildly alkaline

Cery

basalt - trachyte - alkall rhyoll/te suites. The Gregory Rift and the

Kenya"let valley of eastern A(frlca 1llustrate the blmoda31 character of

\\ [l

the alkaline su11.:es and the greét\volumes of peralkaline silicic lavas
\;;elative‘to associate‘d alkali'basja;lt (Baker, gﬁal_.l , '1972, 1977).
Carmichael, et al., ('1974).‘ str'e]sses that it is not ur‘lusula'-lAto,find one or
more chemically dj.stj.nct series closely a!s’ocia):fid with the' aikali
basal‘f - tra.chyte s¢ries such as theleiifpic tocks of the central European
previlace and strongly undersaturated focllcs in the Kenya Rift.

Compo sitions in the Level Mountair{ and Mt. Edzi'za‘Range\‘s
exhibit a range from prirnitive alkali baealt to peralkaline rhyolite and
'trachyte.- Peralkaline silicic rocks q_ceur‘interlayered with basalt and
'3s domes and subvolcanie ;ntrusione. At Heart Peaks a similar ex-~

‘treme range of silica values occurs, however the silicic rocks are not

2
T

-y .

—v
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peralkaline varieties. Rhyolites of the Heart Peaks Formation appear
to have a cglc-allﬁal}nq aff%nl‘c_y_. . ~
The close association of continental alkali basalt volcanism with
. 7 ' . o
tensional tectonic regimes seén -in many Cenozoic volcanic.centres
: ’ > e

N

A

‘allows some parallels to be drawn regarding volcanism an/gl its relation- '

vsh@p‘to tectonism in northerynv British C'olﬁri:gbia. Souther (1977a)
considers that the svp,atial distribution of late Cenoégic.erup'tives in the -
ndrth-sauth trending Stikine belt together with the diisytin.ctiv:e .alkali
Sasalt - trac‘hyyte - alkali rhyolite-rna_grn’a} aséo ciation can be favourably

compared with other similar tectono—magmatic associations. The
.present_ddy tensional forces thought to be affecting the Stikine pelt may

be indirectly feli_a,ted to right lateral shear occurring along the Queen

A Cl;x\arlotte fault, the"’bounchlary between the Pacific and North American

:).
plates. ‘
(RN N

P . . . ) oW



: CHAPTER IV

FIELD MAPPING

Introduction

l”-Field mapping was begﬁn in the‘léummer of 1976 with t'he’;’follow.-
¢ ‘ /
ing objectives: .
| ‘i) ’I“_o map the areal distribution of rock types.
ii) To déte’rminé\ the volcanic stratigraphy.
. iii) To describe the physical volcanology, age relationships

and glacial features.

iv) To collect samples.

Location and Access
The Heart Peaks area is accessible by helicog;ter from Dease

Lake, B.C., 80 miles to the east.- The only access to the area by land

is via the old Telegraph T,,ra’il which follows the \)alley of the Dudidontu

Y

River to the east of the plateau. .The trail can be followed on horseback

S ol

from Sheslay, southeast of Heart Peaks, where thére is a small airstrip
available for fixed wing aircraft. - e

A camp was set up at a centralized location on the Heart Peaks

2

plateau from which traverses could be run to various locations. Most

work was concentrated on the western edge of the plateau where thick
volcanic successions are exposed and the widest variety of lithologies

is present. :

14




Physiography
The.basic volcanics at Heart Peaks have formed a flat-topped

platea\i which rises ,roﬁéhly; 900 metres-above the local topography.
Thc; tw.ir; Hgart P&)eak's, centrally located on thg plgteau, are columnar
jointed vollcanic flows thch rise ébout 200 metres aabove the plateau
(Plate 3); Thé plateau is éﬁarpl;f dissected on all gid’es by fast flowing

streams. The Dudidonti river on the east and the[,She slay River to the

-. west follow g‘gntly sioping valleys norfh into the drainage system of t}';e
Nahlin and In‘kli,'n Rivers. The"'éros;onal péttern of the v”olcén-ics is
determined largely ’Qy the fiat-lying, columnar-jo.inted'nature of the
flqws. Massive lapdslides have resultéd ir; the de.structionuof large
sections of the edge of the plateau. The Sheslay slide des-cribed by
Souther (1971-) I‘eS}llt-ed in ‘the flowage of great volumes of debris into
the Sheslay valley t\’o the west (Plate 2) The acid volcanics on the
western side of the p'lateau have a distinctly different weathering
pattern, whicP} r(.aflects £he morphology typical of flows of acidic com-
positiorf. These very viscous lavas have b\iilt ste'ep-sided bfigbtly
colored dome.,s. " The very coarse, angular debris f’Orm§ ur'lstarble talus
S o | ‘ S e
slopes. Continuous movement of these unstable slopes develops rock
gﬁlacier.s, a distinctive feature seen on the edges of the acidic domes

{

(Plate 2).
GT.he acidic rocks show little evidence of glaciation, however it
is doubtful that any traces would be pfeserved due to the rapid“rate of

‘erosion. The top of the basaltic plateau bears evidence of continental



- A. Aerial photograph of the erosional pattern of rhyolite.
‘ Rock glaciers can be seen on the upper left épd lower

2

right.

B. Aerial photograph of the location of- the Sheslay Slide
which has exposed basalt flows-of. the Level Mountain

Group.
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U

glaciation.’ East-wést striking giacial striae can be seen on flow sur-
faces and Agl.aci_al till deposits several feet thick can be f—ound. Glacially
drifted rnat’?rial_in’clu-des granitic and ultramafic boulders which must
have been:transpbrted fro‘m‘ several"miles away.

Basement Geology

The 'Céndzoic volcanics at Heart Peaks lie unconformably on
: aeforfned Jurassic sediments of the Takw~ahoni and In.klin.formation
which represent contemporaneous near ‘shore and far shore facies dé-j
rived from source ;ocks to the southwesf. The Jurassic sediments
, overlie, sometimes conformably, Upper Triassic andesitic volcanics
of the Stuhini Group. Figure 3 showé a map of the geology in the Heért
Peaks area from the Tulsequah and Dease Lake sheet;: (Souther, 1971;
Gabriglse and Souther, 1962).. T,hesé ’rocks ha‘ve_'beén defprméd into
we st-northwe steriy t'rending folds in middle Jurassicv_tvimes when uplift

occurred in the coast mountains to the southwest and in the Atlin Horst

in the northwest. In general the Mesozo//ic rocks lie in a belt on the
»

western side lof the Intermontane b¢lt of the Canadian Cordillera: thus
Heart Peaks sits astride the western boundary of .the Intermontane belt.

Brief consideration of the dominant structural elements of the

pre-Cenozoic rocks may be useful in assessing any possible relation-

' ship between the older structural grain of the crust and late Cenozoic

" volcanism in northern British;,Columbi‘a.v ~Figure 2 shows the location
of late Cenozoic volcanic centres and the majo‘r faults and lineaments of

British Columbia. The dominant structural trends in northwestern
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British Columbia ;are‘ a series of wést-northwesterl'y trending thrust
faults and normal éaults which are -p'araliél to %egional fold trends.
Though séuth%’vard thrdéﬁng of pe‘;haps a minimu;'n of 10 miles. occurred.
" on faults rel‘;{ed to the Atlin_,hoi‘st ip Uppex‘.Jurassic time (Southexf, 1971),
there is no evidénce {tha.t_vréhy movement has occurlfed since Upper
Tertiary ti'me.‘ The Nahlin fault, which bounds the Atlin horst to the
norti'x of Helart Peaks appears to have been a deep fract}:xré 'alqné v;/hich
ultramafic bodies 'wei"e‘empla_ced in Permian time! It has béen sug-.,
.ges;.ted that the King Salmor{ thruét fault is a deep fracture similar to

the Nahlin fault (Gébrielse and Wheeler, 1961) or a fault conformable

to the Triassic sediments (Souther,1971). A comparison of the trends
4 - ) i »

of late Te?ctiary and;Quaternary volcanics in northefn British
Columbig with the older dominant structural elements does not suggest
any relationship between the \}_olcanic cent;és runm'..ng.north-s'outh and
I'I’\iOSt pre-existing structures running east-west. The pefiod‘during
which the greatest amount of movement took place on these lineaments

did not produce any volcarii_srnvat the surface and they are 'unlikély to

)

have influenced the late;.st‘period of volcanism. If, as suggested by
Baiiey (1977), the loc‘ation of intracontinental volcanism is controlled i
. primarily by n_:rl_lstal structural elements, then’some north-south

treﬁding structural element must play an important role. Evidence

from the Edziza Range (Souther, 1970) suggests that éince Miocene

times volcanism may be related to normal faults, the result of

L
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-
crustal extension.

Cenozoic__Volcanics: General Statement

Figure 4 shows the distribution of the| two gstinctive volcanic
units represented in the Heart Peaksfarea and the location of eruptive

centres and linear dykes. The formation names, which have been taken

e

from Southeg (1971) émphasize a cc%positional distinction between rock

units rather than a time—str'atigfaphic one. ' L

'\'ST_he eruption of the volcanics began on a relatively flat Jura_tssic
erosional st.:t\rface and the initial per-iod gf agtivi;y may have .included
eruptio@\‘of lavas representative of both rr‘mr;mp units.. The field char-
acteristigs of the two units will be discussed separately, as they repre-

sent contrasting eruptive styles and chemical compositions: see Plate 3.

Level Mountain Group

o Texturally the rocks of the Level Mountain Group are very

~similar to the flows ”of the vast Level»Mountain Rangg located about

16 km to thé east. It would be an oversimplification to consider the
f10\.avs of the .Heart Peaks area as merely an outlier of the Level
Mountain plateau, as local erup:t_ive centres are obvious and che@cal
differences are apparent between £he two centres (personal communica-

-

tion T, S. Hamilton).

The rocks outcrop as flat-lying flows and pyroclastics. The
. 3 : i —
southwestern edge of the plateau shows a virtually uninterrupted ver-

tical sequence of about 600 metres of basaltic flows. . Textural variations

throughout the entire section are generally verv subtle. Pillow lavas
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Rhyolite domes, Heé.rt Peaks Fforrnaftion.
Plateau basalts, Level Mountain Group.
Columnar jointed flows, Level Mountain Group.'
Vent agglomerate'(right) cufting tuffs (left).
Pyroclastic breccia, Heart Peaks Formgtion.

Pyroclastics, Level Mountain Group.
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are found in several locations throughout the sections. Their very

localized nature suggests that the flows encountered small lakes or

<

rivers on the surface. Locally some flows show a loose, rubbly wea-~
thering pat‘tefn which may indicate that the lavas have flowed onto ice..

The mz}in textural xféirieties of basaltic flo

L3

1) Rne-grained plagioclase- phyfic basalts. Feldspar crystals

are less than five mm in size and make up less than five percent of the

-

rock.

2) Plagioclas_e phyric }::asalts with crystals often larger tilan
five mm and may comprisé more bor less than five percent of the whole rock.

3) Sub-ophitic medium grained basalt. N

o 4) Scor‘ia.: )

Figure 5 ghows a generalized stratigraphic c‘:olurnn. The thickness of |
flows avéra_ge four to six ;r.l'letres and they c‘omrponly show well ‘de-—
velopedicolumnar jointing. Subangular 'cc;nglorrierati'c depésits are found
near thef—b;se of th,e' section. These deposits contain boulders of both
-'a}-_cidﬁ and basic volcanics suggesting vt>hat these types were —Soth erupte;(;l in

the early stages of activity, though probably from 'separate vents.

'I?lterlayéréd acidic \'and basaltic rocks are found only‘o?ce, near the

~ base of the section. Thé sub-obphitic‘ variety is found near the base of
the sec‘:\tion and it may represent an intrusive sill rather tHan a flow.

* Fine grained plagioclé’ge phyfi'c flows ;dorr;in;ate the séétion. Individual
flows typically have a red weathered, scoriaceous layer near the top.

~

The rubbly top gradés downward to a2 less weathered scoriaceous layer

i e o T

e
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__97_8§_€_>___,_7 Porphyritic Flows
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. Fig. 5. Generalized stratigraphic column of the Heart Peaks volcanics.

Numbers indicate representative chemiéa] analyses.
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~

and finally to mﬁssi;fe «columnar jointed basalt. The southwestern edge

of the plateau (Plate 2) exposes about 25 individual}flgysfypical of this

~ .
4 . .

description. These flows are sometimes interrupted by layers of 1

agglomeratic pyrbelastic.

The central area of the Heaft Peaks plateau shows the most
complex‘aﬁd varied volcanic stratigraphy. The freqfiency of vent

agglomerates is much higher Rear the centre of the plateau, suggesting

2 e

that this area was the dominant centre of extrusive activity. The flat

-

lying flows are interrupted in numerous locations by vents of pyro-

bl 8

. & 7
clastic debris. The flows commonly show irregular changing attitudes,

having been influenced by the variable local relief to be expected in the
- -
most active areas.

~

The plagi'oclasevphyric basalts, containing large phenocrysts,

~

occur in the upper several hundred feet of tl‘le succession. ihe plagio-

clase phenoc.r'):'s'ts are of all sizes, commonly larger than five mm,

~ The gr'oundmess.of these flows is gr.ey-‘in color ahd their composition is

generally in theArenge of hawaiite.l N B
The“evoiution of the Level Mountain Group lavas which formed

the volcamc plateau may be d1v1ded into two stages The initial pTateau' '

building peI‘lOd was characterlzed by dommantly fluid lava flows. The

-last 150 m of’ the succession appears to have been produced after an

g

' erosional interval. An erosional period is suggested by’the existence.

of shallow u-shaped valleys which cut into the u’ndérllying flows, and

thick, localized beds of volcaniclastic sedimentsg. . Theése sand ‘sized

¥
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palagonite tuffs h#ve been transported short distances by water. They

form lens shaped de'posits‘between flows and are locally 40 metres thick.

Y

- The fragments are all of voltanic origin and show a very consistent
< f -

graded bedding rangiﬁg from one centimetre sized pebbles to coarse

—

sand sized, s*ubrounded“fragments. The fragments include pieces of

fin_e grained scoriaceous basalt and grains of hornblende and pyroxene. -

Dy N

The uppermost flows, which complete the volcanic succession,

4

were erupted after this erosional interval and generally repr’éser'lt more .-

evolved conipdsiti__ons compared to the lower basaltic flows.

i
s

Two contrasting eruptive styles are obvious in the Level
. _Mountain Gr’dup rocks:
1) Explosive pyroclastic acti,yfl.tﬁy (represer‘xted.byb tuffs and
agglomerates). |

2) Fluid:fissure type eruptions (represented by flows and long,

linear dykes).

. A} Co. B :
The fissure type eruptions occurred from local vents and from

long linear fissures represented by basaltic dykes. Almost all ( 90%)

. _ 7 : )
of the dykes strike in a north south direction and sometimes they may

“be traced for two to four km along strike. This linear distribution of
N . {.‘ ' "

dykes may be a.reflect,ion':'of local struectural trends. No structural

. offsets a:ppeéﬂr to have affected the volcanic succession along this trend..
’I‘hé dykes are textqraliy_and .czompositionalvly similar to the flows that
) , ,

they intrude. Commonly they are-about four metres wide and show

@

we'l‘l developed lateral cooling joints. The rerr}ai'né of the more re-

P _ .. S
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—

sistant dykes often project prominently abeve the surrounding flows.
3 ‘ . . i

The undisfurbed state of some of the upp‘ermést flows is illus-

Vg v

trated by the pre sence of lava tubes. These concentrically layered

structures indicate prolonged flowage through a pipe-like conduit.

Gradual inward cooling results in the preservation of a concentric
structure. |

The central part of the plafe;.u contaiﬁs the most abundant p}.fro—
clas;tic deposi.ts indicative of loc.al, high energy explosive eruptions.

Flows and pyroclastic debris are closely associated in the eruptive

centres. Features common to'most of the vents shown on figure 4

.allow a genéralized cross section to be'i'conggructed which may be con-
sidered typical of the vents (Figure 6). The twin Heart Peaks, the

highest points on the plateay,are similar to this section, The domes

are flanked by vent brectias deposited around a central jointed lava
dome. ~Ur}deijlying flows can be seen to be bent upwards by the intruding

lavas and pyroclastics. 3 (

The vent breccias (Plate 3) ofter>rry\q\assive boulders of the

order of one metre across. The angular unsorte&fra‘gments are

) remriants of previously solidified flows and blocks of 's}cori;"‘zhvlt appears

that the explosive eruptions served to open the vent, tHrough which the

later fluid lavas were extruded. The contacts between veht breccias -
' : : ™~ '

and intruded flows or pyroclastics are relatively abrupt.

!
¥

- The .morphological contrast between the Llevel Mountain Croup

. rocks and those of the Heart Peaks Forma.icion is the result of the
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Vent Breccias

100-150m.,

Fig.e. Generalized cross-section of a vent on the Heart Peaks

p]ateau.
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contrast in composition between the two units. Fissure type la\-/as form
plateaux of great areal extent and are with few exceptions, _composed
of basaltic rocks. The low viscosity of the lava and the linear conduits _
from which it rises allow great thicknesses to be built by sugcessive
flows.

Numerous foreign fragments are found in the Level Mountain
_Grc_nip flows and pyroclastics. These include:

1) Megacrysté of olivine and kaersutite.

2) Gabbroic inclusions.

3) P?roxenite inclusions.

~4) Alkali diorite inclusions.

. The commonest inclugions are black vitreous amphibole fragments
which éan be as largg as ’ten cm across. Resorptibn of the crys;calsv by
the encilosing ’lav'zi”is common and the inclusions have the appe ance
of conchoidally fractured glass. The morphological gvidence’i‘ndic\ates

3

that these inclusions are not in equilibrium with the host 1a\{as.
Evidence bearing o'ri‘\the ofi‘gin of these inc‘lusions will be discussed
later. The rare pyroxenite inclusions are found in basaltic flows.
Their mineraibgy and petrological significance will be discussed in a
later chapter. - .

Heart Peaks Formation

The rocks of the Heart Peaks Formation outcrop on the western

side of the Level Mountain Group flows. The composition of the Heart , &

Peaks Formation rocks is reflected in their unique eruptive styles.,
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The high viscosity of these acidic lavas has resulted in the formation of
. ' L

<

steep sided domes in which indivi.dx.lail flow units are scarcely recog-
nizable. One of sévéral individual domes, which form prominent ridges
may be seen in Plate 1, “

- This unit is 'composed of rhyolite, dacite, and trachyte flows and
related pyroclastic rocks. There is a wide va;ie'ty of textures, ‘including
thinly laminated flows, prophyritic flows, crysfal tuffs,v ash flow tuffs,
and unconsolidgted tuff deposit.s. Trachyte and dacite occur aé light

grey to brown flows. Porphyritic flows are common in which pheno-

¢rysts compose 30-40%. These flows were likely to be extremely

-~

viscous upon eruption, resulting in extensive auto brecciation of the
flows. Phenocrysts include quart%, sanidine and anorthoclase. . There
appears to be two generations of phenocrysts to be seen in hand speci-

mens. Extensively altered phenocrysts coexist with very fresh sanidine

-~r

phenocrysts. Sutured and annealed boundaries suggest that the altered
‘ h

phenocrysts may be xenocrysts.
Fine grained pyroclastics are exposed as a complete section
WPy IO ‘ :
which grades from unconsolidated ash downwards to fine grained

moderafely consolidated tuffs and finally to dark, red-brown, ash flow °
o =

tuffs. Flattened pumice fragments are evidence.of viscous flow and

plastic deformation after partial consolidation of the i)yroclastics.

Local large scale cross bedding of pyroclastics indicates the strong
J . :

influence of either local wind directions or differing directions to the

source of explosive activity.
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Coarse pyroclastics are uncommon in the Heart Peaks Formation
rocks %ut they do occur as angular breccias.

Age Relationships

In the absence of any radiometric ages for the volcanics at
Heart Peaks, one'is forced to rely on geo.morphologbic an'd'l‘gt\fatigr%‘phic ‘
evidence to correlate the volcanic éequence with other centres and place
the rocks in ‘apioper time frame.

Souther (‘19_70) emphasizes tho fundamental periods of- change
in the character of<volcanicity during Cenozoic time in the northern
cordillera. Quiet effusion of alkali-olivine basalt began in central
Bri’cf@golumbia after the cessation of éxblosive aeidic volcanism of

the SlokovGroup.' Upper Miocene ages (K-Ar) have been obtained on

N
- basaltic dyke swarms which may represent feeders to these early pla-

. teau basalts (Symons, 1969). After the onset of the plateau building

alkalic lavas, the éruptive style changed, in the late Miocene., to‘central
volcanic eruptions of mo;'e evolved and varievd mégfna types. The basalt
plateau at Level Mountain, Mt. Edziza and Heart Peaks are reiatively

small shields in coh‘xpa:ison to tho‘se of south-centralhBritish Colurh_bia.

which repx.'e'sen.t the great volumes of lava produced in thé .early plateau

_ building period. The upper parts of the succession at Ed;iza, and the

central acid, peralkaline rocks at Level Mountain centre may be re-
presentative of the latest phase of varied, spofadically erupted lavas.
This phase of activity has continued until recent time, with the youngest

o

eruptives being-no more than a few hundred years old (Souther, 1970).
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Radiometric dates indicate that the Mt. Edziza range was built

over a span of 6 million years (Souther and Symons, 1974), beginning

at approximately 6.1 milliovn years B.P. The latest flows at Heart
Peaks a.ppear to have been erupted in the »Pleistocene. Ciacial striae
on flows and till deposits beneath the uppermost flpws suggests at least
syn-glacial and possibly some post-glacial aetivity at Heart Peaks.
The eruptive history of"the Heart Peaks centre probably spanned a
roughly comparable time perioq to other centres in the region and is
representative of the tvime frame which in othe‘r parts of British
'Col'umbia saw the eruptien of alkaline lavas of varied composition.
Conclusions ».
Fie:ld evidence suggests that the H.ear\@ Peaks Forrhation rocks

and those of the Level Mountain Group were not erupted fyrom the same

vents. Vent agglomerates do not contain fragments of both units.

t

Contacts between the two units are obscure but appear to be almost

vertical (Plate 1) and interlayering of the two units was seen only Qn,ce‘

¢
- £

in a limited exposure. Evidence has been given that indicates that the
earliest eruptive activity included lavas of both Heart Peaks Formation
and Level Mountain Group. Plate 1 illustrates the coritactbeh;veen 'che'

units. The uppermost Level Mountain Group flows appear to be stratl-

i

graphically above the Heart Peaks rocks. Late stage basaltic dykes

can be seen cutting both units.

While the Level Mountain Group rocks show many similarities

to those at the Level Mountain Range to the east (Hamilton and Scarfe,

R
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1977), the non-peralkaline silicic rocks of the Heart Peaks formation

offer numetous contrasts to the abundant peralkaline flows at Level

. . [ ~br .
I\/llountain. The absence of any alkali-ferromagnesian minerals such as

\

aen'i_g.f,natite, aegirine-augite, riebeckite and arfedsonite in the Heart

Peaks Formation rocks ‘suggests a less enriched sub-alkaline affinity

in éontrast to the peralkaline salic r_gcks at.Level Mountain. In the

Heart\ Pgaks area, the two rock units are closely related in both sp;.ce~
-

and time, thus a more corhplex investigation of the relationships

necessitates a detaifed chemical and petrographical study. ' ’&;’



CHAPTER V.

PETROGRAPHY

General Statemevnt

This discussion will émphasize the mineralogical clas si{fication
and.textural variations of thé Heart Peaks volcanics. General des-
griPtive petrography is presented \x;hile specific mineralogical details
and arguments will follow in a later c‘hapter‘. The clasgification scheme

relied upon is that of Irvine and Baragar (1971). Representative textures

of volcanic rocks are shown in Plate 4, -

Level Mountain Group .
One of the major criteria in the distinction bétweeﬂ the théleiitic
and alkali basalt rock seri§§ is.t’he presence or absence of a feéction
relativonshi[:') between olivine anci ca}c‘ium-pooxf py‘rc;xe_ne.v The'alka’di— .
olivine basalt series charactpristically contains calcium rich augitic
p‘yr.o'xene whicﬁ is often titaniferous, while calcium poor pyroxene is
typilcally abser}t (MacDonald and Katsura, 1964). 'Using these cr.iteria, :
the rocks of th¢ Level Mountain Gr;)up belong to the alkali basalt series.
The basaltic end members of this series are most abundant, while the
felsic members, mugearite, bepm'orite and trac}lyte are rare. Although
sofne rocks_,(_lan be classified on the basis of chgmist;'y as tholeiitic or
calq-aikaline, the mineralogy is consistently indicative of the alkaline
sc_erie s. The most mafic flows are anka?amite, rich in titaniferous \

augite. Alkali-olivine basalt and‘haﬁvaiites are volumetrically the most

34



Ankaramite from the Level Mountain Group with large subhedral,
strongly zoned clinopyroxene and smaller corroded olivine
phenocrysts. Fine groundmass contains clinopyroxene, olivine,
plagioclase and titanomagnetite. Crossed polars.

Pyroxenite inclusion f‘rom the Level Mountain Groﬁp composed -
predominantly of fractured clinopyroxene (grey) and 1nterst1t1a1
opaque ox1des (black). Crossed polars

Alkali basalt from Level Mountain Group showing typical p110tax1t1cA
texture with subhedral plagioclase (labradorite) laths, groundmass

olivine, titaniferous clinopyroxene and euhedral gralns of titani-
ferous magnetite. Crossed polars.

Ophitic texture in basalt with plagioclase and opaque oxides

surr\ounded by clinopyroxene. Crossed polars.

Typical flow texture of andesite from Level Mountain Groupvjcom-v
posed predominantly of plagioclase in groundmass and as sparse
microphenocrysts. Crossed polars.

3

Corroded quartz and sanidine phenocrysts ima glassy matrix in

spherulitic rhyolite from the Heart Peaks Formation. Crossed
polars. ‘
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important rocks, while the more potassic trachybasavl‘és are less common.

Ankaramites

This rock type is particularly riéh in augite ar;d oliviﬁé pheno-
.crysts and poor in plagioclase, which is restricted to the groundmass, -
Subhedral to euhedral augite crystals are sifcrongly zoned with light
brown and green interiors and piﬁk Ti-rich borders. The Ti-rich
border is often separated from the core of the crystal by a fine line of
minute opaqﬁe incluéiohs. . Mg-rich oli'vin.e is generally subordinate to

clinopyroxene. Titanbmagnetite", minor spinel, plagioclase, olivine,

A,

: , _ v .
augite and minor glass make up the matrix. Opaque oxides are very

abundant in these rocks, sometimes reaching twelve to fifteen percent.
Ankaramites do not occupy a unique position in the stratigraphic

succession, being found low in and midway through' the sequence.

Alkali-Olivine Basalt o

_ Alkali-olivine basalt is an important rock typd in the Level

Mountain Group and throughout northern British Columbia. At Heart
. Pz
A _ ‘ ‘ ;
Peaks it may be volumetrically subordinate to hawaiites, but its

#
o
importance as a regional rmagma type must be stressed. Textural
varieties which exist include subophitic, pilotaxitic and potphyritic.
. ) ‘,"\ “" i . - .
These textural varietiegré also seen in hawaiite and trachybasalt, '
: S . u
which appear to have been extruded in distinct pulses in the stratigraphic

Succeséion. The textural variations may be representative of sub-

volcanic magma conditions.

Pilotaxitic texture is common inithe fine grained rocks which
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make up the bulk of the plat.eau. Plagioclase and olivine occur as
A

‘sparse phenocrysts in a flow oriented matrix dominated by plagioclasé
o ,

and interstitial titanaugite and titanorn:ag‘netite. These fioW‘s were pro-
bably v‘éry fluid when erupted and spread ov_ef long .disténc_:vés ahd‘
rapidly built thevlower plateau sequence.

Sub -ophitic alkali basalts contain crystals Q’f sodic labradorite,
pa'rtiall.y encldsed by piﬁk titanaugite. Olivine is usually present (5-8%)‘
and varies from fresh euhedral crystalé td corroded and altered ones.
Phenoc;rysts of plagioclase sho‘w a corﬁplex pre-eruptive ‘history. The
crystals are cé;’nplexly ‘zo'ned and commonly contain zones of ground-

mass inclusions., Corrosion of phenocrysts is common. . Textures

indicate that olivine crystallized first as phenocrysts, followed by
™~

et

plagioclase, which was'in turn closely followed by the simultaneous

crystallization of pyroxene and ilmenite. Sub-ophitic basalt may be

representative of shallow intrusive sills which could not reach the’

surface after the initial period of rapid plateau building.

Porphyritic bésaltic rogké generally occur near the top of the
_s'ucce-_ss-idp.‘- Indi\"lidua‘l flo;a;s contain a‘greevllt variety of phenocrysts of
plagioclase of/r\ﬁa.ny'varying shape.s which may have crystallized from
liquids of varying compositions. |

Perhaps one of the»mpst'i\rnpoftant feature s’ of the -basaltic rocks
is the variety of inclusions found in flows. Alkali basalt the world over -

typically carries a variety of xenoliths which may represent accidental

material torn and transported from crust or maritle sources, or they may
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be cognate material which has c‘:rystallized at depth. In any case inclu-

sions may often be good indicators of the petrogenesis of the host rocks.

»

Hornblende inclusions in basaltic rocks are common and may be
important with regards to the fractionation trend of the magma. Dis-
equilibrium téxtures seen with these inclusions suggest that they have

not crystallized directly from their host alkali basalt. Reaction tex-

-

tures seen in thin sectign and their great s.ize variation (10 cm to 1 mm)

indicate disequilibrium\with'the basalt liquid. The red-brown, moder-
\'-.ﬁ{) B B ' V
ately pleochroic crystals have strongly corroded rims.marked by a halo

of small opaque oxide grains. Hornblende of similar composition is
found as a major groundmass constituent of andesite and is therefore

indirectly ‘related to the bisaltic maéfna and is not a foreign,’ acci-
. 3

denfal inclusion.

Other inclusions which are considered to be cognate include

gabbro and alkali-diorite. Alkali diorite nodules are commonly found

in flows and pyroclastics. The no:d.ules,have a coarse grained g_ranuiar
texture composed of plagioclase (An 40)‘,‘ clinopyroxene, olivine; minor

hornblende and alkali feldspar. Undulatory extinction in feldspars and
deformation lamellae in olivine and pyroxene are evidencé of strain,
‘ - : ' : ..

possibly caused by short term shock during pyroclastic explosions,
although longer term tectonic stresses”may not be entirely ruiéd out as
a cause of strain. Titanaugite crystals show very fine exsolution.

lame-lluae'indicating a slow-coolirig history. Hen‘étitic alteration is’

: Q ,
common around the rounded grain boundaries, particularly on olivine.

3

o .o -
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The mineralogy of alkalidfdrite nodules suggests that they are a
é o 4 . ) .
.cognate phase, representing a slow-cooled equivalent of trachybasalt

or hawalite. ' - e

Mafic eruptives also contain nodules of pyroxenite,. composed

©

of slightly strained titaniferous augite, which shows some minor alter- '

O’

atibt to amphibole. Pyroxene grains are highly fractured and enclose

v
1

interstitial opaque oxides.” These nodules exhibit cimulate textures.

Clinopyroxene is of a corhpo sition found crystallizing in alkali-basalts

’ and»hawaiites‘, thus these inclusions may be representative of a phase

fractionating from Level Mountain Gr})up magma.
Uncorhmon fragments of biotite ‘schist found in basalts and
.quartz xenocrysts in andesite may be representative of metamorphic

basement rocks.

Trachybasalt and Ha\&-aiite o

- Theserocktypes aré”cons_idered by Carmichael et al., (1974) to

be roughly equivalent terms for rocks.with highv alkali content

(NaZO + KZO)'ahd. silica._\cont.ent near 50 p‘.ercen’c. "-Irvine and Baragar

T

\ {1971) divide the alkali basalt series into a sodit and p’otassic'ser'ies

which“reflééts the ratio I&ZO/NaZO. The impbrtanée of K‘/-'N'a ratio of

- primitive basalts is that it may be an indicator of the nature and

' . 1

.environment of source matéﬂa.ls (Carrhichae’l _é_;'g_g_l;: ) 19%74). Some
qceani'c alkali b_a.salt é.s'éociations ?ri}ay be d.i_s_tinguished.by théir' K/Na.
ratios. The islégds of Tristan da Cunha (Baker et al., 1964) and
Gdugh (Le Maitré 1962), for‘e);aﬁiplé'; éhow‘}distir;t.:tly moré potassic

a .

Y
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compositions than St. Helena (Baker, 1969) and Tahiti (McBirney and
-Aoki, 1968). The petrographic'distincfion between the two series
(sodic and potassic) is reflected in coexisting feldspar c':‘or_npo'sitions. '

AN §
The sodic series (hawaiite) generally contains a single feldspar

( labradorite) while the potassic series (trachybasalt) contains labra-
dpri;:e and min‘or amounts o:f alkali feldspar in the groundmass. The
Level Mountain Group includes rocks belonging té both series,
Hawaiitg aﬁd trachybasaltv flows are often very rich in pheno- A
cr;rst_s (up to 35%). Labradorite and é.ndesiné are the most common,
phenocrysts \gzith miﬁor olivine and p;rroxene. The g'i'_oundmass is

.

genérally pilotaxitic\;\ .Wi’ch labradorite laths (60-70%), euhedrg.l olivine

B : s

(5% ), augite (5-15%) and titanomagnetite (8-12%). Alkali feldspar

sometimes occurs as square, euhedral groundmass crystals or micro-
*

phenocrysts.’

~ Intermediate Ro;:ks'

Intermediate to fe‘ls.ic rocks of the alkali basalt ‘series are rare.
Rocks with 59% or more SiO;, generally are quartz normative. Two

thin flows of(calc-.}r-alkaline andesite were found on the western side of

the plateau. 'I"he? contain a fine grained groundmass gompoéed domin-

antly of andesine, pargasitic hornblende and tita;ndmégnetité. Pyroxene

is generally absent and quartz occurs as xenotrysts in ‘these flows. R

- - -

The occurrence of hornblende as a major groundmass :p'hase~in these

iE

rbc‘ks (30%) has important impli‘cations i*egardinér conditions of the

fractionating liquids. Hydrous conditions must have prevailed at this
' v L - v o ,
.. S : -

A



. 41
stage and the hornblende may have subseqdentlly‘ contaminated more

- \ "
mafic lavas.

Pyroclastic Rocks

Pyroclastic rocks of the Level Mountain Group show generally

uniform textures, the commonest type being a very coarse vent-
& ’ .

agglomerate. The commonest fragments seen in the fine groundmass
‘ ’ : *

include:z

.

1)  Quartz sandsténe and siltstone.

'2) Crystal fragments og quartz, alkali fe;ldspar and hornblende.

3) Glassy and crystalline alkali basalts, and hawaiites. |

The sedimentary fragmeﬁts are pieces of the underlying
Takwahoni Formation, while the volcanic fragments i‘epresent essential
basaltic magxéa and ;ccidental inclusions of previously.cooled basaltic

flows.

Heart Peaks Formation

The volcanics of the Heart Peaks Formation, though ‘closely

t

related to those of the Level Mountain Groups, differ significantly in
g

mineralogy and chemical trends. At the Level Mountain Range

(Hamilton and Scarfe, 1977) silicic rocks occur as centrally located

_domes and flows of pantellerite and comendite, with rela’civély minor , Jr
volumes of rhyolite and dacite.: Peralkaline silicic rocks, howevér,
"‘are absent at Heart Peaks. The acid rocks of the Heart Peaks

Formation lack ialkizvlli-fer1"omagnesian minerals typicé.l of silicic rocks

at Level Mountain and Mt. Edziza.
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Trachyte

Grey and brown trachytic rocks with porphyritic textures _bjutcrop
in the brightly colored domes wést of Heaft Peaks. Fresh expt‘)‘s:ures
are difficult to find as the rocks are hydrother-rna.lly altered and deeply

weathered.

Potassic trachytes show two textural varieties which are dis-

. tinguished by the structural state of the co'nstituexi_fc alkali'feldspars.

Sanidine tr.a\chyte contains three to fouf mm sized phenocrysts of clear
euhedral sanidine which son‘;e';imesvo_ccur as large glomeroporphyritic
clots. The groundmass is\ composed of pilotaxitic feldspar microlites
and fine devitrified glass. ‘The minei'alogy of these rocks is genérally
quite simple, containing alkali feldspar and minor pyroxene and
magnetite.
The other \;ariety of potassic trachyte is a  medium grained

orffloclase frachyte ir} which orthoclase may amount to 25%_.of the rock

as phenocrysté. A mottled extinction effect is caused“by patchy ex-

- solution of an albjte-rich phase from orthoclase. Orthoclasge trachytes

in which exsolution of feldspar is seen must have undergone a slower

cooling history than sanidine trachytes. These are also two-feldspar .

o

tl“achytesva.s plagioclase, usually rimmed with alkali feldspar, is com- |
monly present. Minor augite occurs as graﬁular aggregates with -
plagioclase, indicating that contarni,{:\ation by more mafic rocks may

\\.

have occurred. S

&
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‘Rhyolite

Rhyolite occurs as glassy and porphyritic flows aw{rJ:td fine grained

|

' . : : /. ‘
pyroclastics. Rhyolite is very poor in ferromagnesian minerals due,
D ) f’ .
in part, to extensive hydrothermal alteration. Flows are thinly
_laminated and contain sanidine and quartz phenocrysts. .Glassy flows

contain abundant spherulites in the groundmass.

Rhyolite crystal tuffs have a fine grained felty gr“oundmass of

quar'tz and alkali feldspar and contain granular aggregates of alkali

feldspar. i ‘

Tuffs are often poorly consolidated and lie in pr;imary layered

beds which are being rapidly eroded. o
1

Conclusions

i
|
H

Representative modal analyses (Table I) clearlf; show the alkaline

-
i

character of Level Mountain Group basaltic rocks. Tlfxe dominance of
- . - N {

v

PRSI

titanium-rich clinopyroxene and the abundance of-euhej""dral olivine

!

crystals confirms that these rocks are members of the alkali olivine.

basalt series. .
' » N . ’ . @
Inclusions in basaltic rocks are chemically and mineralogically
oA ¢
related to the fine grained extrusives. ? '

<+

Intermediate and felsic membfer_s of the‘\alkali basalt sgries are
- - .

rare in the Level\l_ Mountain Group.

The ilobws of the Heart Peaks F'orr‘nation' are. domi’r‘latedvby silllica

saturateci trachyte and rhyolite. Crystal tuff and unconsolidated pyfo-

clastic deposits are common and indicate the presence of a gaseous.
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environment associated Wi,th,the, acid magma. . _ -
'Anlimportarit feature of the rocks of the Heart Peaks‘Formation

is their occurrence as significa:nt.volurhes of s/i/l/ica-ricﬁ, 'subalkaline

compbositions which are closely associated with the alkaline éeries of

the Level Mountain Group.
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CHAPTER VI

~

CHEMISTRY

Maijor Elements )
M;}jvox: element analyses for ten oxides were run using X-ray

fluorescence (Table II) and electron micr(;probe analysis on glasses

(App‘endivx A). HO contents were determined indepéndently by the

Penfield method (Appendix C). Totals reported represent ahhydrous

analyses.

Classification

Chemical classification of the volcanicg at Heart .Pe<aks is illus-

trated usin major element compariéon diaérqms. 'Figure 7, the alkalis
versus silica diagram (MacDonald aﬁd Katsura, 1964; Irvine and

Baragér, 1971) indicates that the basﬁéltic' rocks lie in the mildly alkaline

range. The dividing line between alkaline and subalkaline (tholeiitic) is

that of MacdDonald and Katsura (1964). The inset compares compositions
of alkaline oceanic suites with the dividing line proposed by Irvine and

Baragar. The An - Ab - Or plot is used'to subdivide the alkali basalt

series into a sddic and potassic series. Alkali basalts, trachybasalts

-

and hawaiites plotted on Figure 8 indicate the varying degrees of enrich-

ment of sodium and potassium in these rocks. Figure 9 is a subdivision

of the alkali basalt series based on normative plagioclase composition
versus colour index. This plot reflects the dominance of alkali basalt
and hawaiite, the re_lative" scarcity of intermediate cdmpositions and the

{
4

A7

BN



2

48

LO1
0L
144
08
0t
LY9
62
067¢
99
vl

08 0
810
¥ e
Sv°1
98 '€
€0°'8
0e°9
¥6 °L
144
L9 91
96 *6%

(panurjuo>s)

%4
22
6%
86
og
809
A

162

9%
819

8L°0
02°0
L0'¢
LGl
€6 °¢
6¢°8
IR 4
19°8
9L 2

<25°9

28 °6

[4°]
6¢
LS
9L
4!
896
e .
L2
§9
869

E

22°2
65°0
L1°0

18 °¢

S0 °1
I1°%

56 °8
66°S

0¢ '8
©99°%¢
1 S 91
14 19 °6%

9

LS?¢ 091 mmN 9§ 562

18 8 YA LE €21
e 1L $9 €V 29
8 . 0L €L 001 €L
B 22 €2 €1 22
LES 1L6 ¥59 b2 212
9¢ 62 82 43 L2
9L2 L67 €92 681 L6
YL 29 19 . 62 1§
2L8 - 2ETI 059 €LE S09
. 2]
01 *2 8'% . ¥°¢ L8°0 -

S8 '0 L6°0 2L°0 85°0 08 °0
81°0 S1°0 61°0 - 61°0  81°0
G1°2 8¢ °2 Gy '2 89°2 1L°2
$1°2 €% °1 2€°1 68°0 - 60°T
L8 °€ $8.°2 €62 . GZ°'¢ 0€ °€

LL"8 62°6 €L’ ‘€66 €¥ 6

69°G 60°L 68 °g $8°¢ 8% L
9L "L 9L "L 0€ '8 LL6 20°6
8% 2 8% °2 G9°2 F1°'€  68°2
28°91  80°91. L9°ST G0°'91  2G°91
¥2'6%  60°6% 20'8F 99°L¥  25°9%
G- ¥ € 2 1

(JUX) SINAWNATH ADVIEL ANV YOLVIA

II ITdV.L

1D

no
uz
qQy

1g

ed

Z
¢:mmmw
 OUN
‘o011
0%y
oleN
0®D
o3l
0° 4
MON =X 4
todgv
2018



49

N

. | \\\,

(ponutiuo>d)

01 °00T 91°001 L0'00T -10°00T LT'00T 86°66 %1 00T

2¢
1
02
Z1
S8T
. 14
| 19
. 968
€T
. €6

0€ "1
€00
10°0
$2°0
¥8 '%
€€ %
12°0
- ST°0
b 1L°0
220
. 02 €1
10°92

ST

€F1 19 68 S A 86 99
0¢ LE 143 92 9¢ - 6¢
09 - 82 e 8¢ £¥ 19
08 L9 £8 801 98 101
vl 8ZL ¥ - G¥ S¥ ST
se¢ s2¢ 9€€ 619  11% ¥09
6¢ sy €e ¥ g 4
L81 261 S¥2 8FE S¥2 82¢
89 08 8% i) 1Y S9.
LLZ 2¥e 6§ 899 S09 12L
- - 01°¢ ¥C 0% ¢ 6% °1

0€°0 9€ *0 060 6L°0 - €¥%°0 €6°0 =
0T°0 °~ T1'0  L1°'0 '81°0 20 -, 02°0
061 15°1 98°1 - 0%°2 21 g2z
LSZ " 952 82°2 61°2 €5°2  19°1
6L 28°€ - €b't . 01'% 6% 1L°€
2L's 28°s  S0°L ¥8 *9 vE8 T 6L'L
ST°¢ 0€°'€  $2°G 0L °¢ ST'% . €9°%
28°§ 209 L¥°L $€ "8 S9°L- 98°8
S8 °1 16 °1 6€ 2 99 *2 Sv'Z - 82
9L°FT  SL°RL. T€°9T  06°91 '8S°ST  96°9]

I¥°09  TL°6S  ST'€S  98°'1S . L8°'25 99°0G

A €1 . 21 T 01 6

(TUX) SINIWNIATH ADOVHL ANV YOrLvIN

(snoapAyuvy) rejoy,

In.

N

' non
Q4

IS

X

17z



10.
11,
L, 12.
13.
14.

15,

SAMPLE NUl}/IBERS AND ROCK NAMES

4261-6
4262-19
7785-3
4261-36
7786-18

0788-3

1 4262-20

4260-2 -

1015-6A

"0788-21

0788-2

0788-17

7788-13
7788-13A

0789-5A

Alkali Basalt
High Alunrlina- Basalt
Thpleiitic B?salt
Tholeiitic Ba‘salﬁ:
Alkali Basalt
Hawaliite
Hawaiite
Tholeiite
Tholei.ite |
Andesite
Andesite
Tholei;tic Basalt
Ande site

Ande site

Rhyolite
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Fig. 9. Classification of Heart Peaks volcanics.
- Boundaries after Irvine and Baragar (1971). _
o Heart Peaks Eormatign e Level Mountain Group

—



felsic nature of the rocks of the Heart Peaks F ormation.
Adjustment of chemical analyseé for ferrous and ferric iron

ratios is necessary when microprobe and XRF analyses are reported

»

as only total iron is analysed. The method adopted here is to set

+++) = 22,3 atomic percent.

v Fe+f+/(Fé++ +Fe
The occurrence of variable amounts of hornblende both as a
. groundmaﬁs phase aﬁd as phenocrysts in intermediate and mafic rocks
c'omp_liéates, in éome cases, the comparison of modes and norms.
Ho;nbler{de wil‘l not be indicated in_ the norm, b;lt its presence will
affect the kf and‘_hyp norm components. The occurrence ofumodal
hornblende will tend to increase the normative hyp éotnéonent. The
appeara;nce of normative quartz in intermediate 'ro;:ks‘of the .Le'vel |
Mountain Group a.n'd all rocks of the He‘art Peakg Formation is in
agreement wvith the modal analyses.

.

Major Elerhent Variation

) “

: $
. \ . s . ’ .
'Figures 10 and 11 show the variation of major elements against

silica. Alkali basalts as characterized by enrichment in total iroﬂ,
CaO, TiOZ, MgO, and P,0s. TableIll compares absolute abundances

of Heart Peaks basalt average with other alkali basalt compo sitions.

Transitional and mildiy alkaline basalt from the Baikal Rift area show

. the closest overall similarities. The high TiO, content appears to be

disfinctive to Heart Peaks rocks. Hawaiites andAtra‘chyba'salt show

prongéssive depletion in tofa;l iron, (_Za.‘O, TiOz, MgO.and P205 and -
. . . - . J

~

e B



Fig. 10. Major. element varfation dta

® Level Mountatn Group
®  Heart Peaks Formation
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+

enrichment of K,0. TiO,, CaO and K,>O show the best correlatian
with silica. ﬁConsidel"able scatter in NaO values may be due to factors
such ’é.s losses d’uring alteration and during analysis by the electron
beam.

The lack of compositions in the silica range 56-54% is in-
dicative of silica gaps seen i.n many alkali réck series. These "Daly"
gaps have been suggested to be 1ncompat1b1e w1ti’1 a derivation of the
liquids by fractional crystallization (MacDOnald et al,, 1970; Chayes, \

1963). Acidic compositions are scarce mainly because of difficulties

in getting representative unaltered samples. This contributes to

¥ .

uncertainties regarding the link between the Level Mountain Group é.nd
the Heart Peaks Formation. Smooth major element trends in Level
Mouhtain‘ Group lavas, particularly with TiOp, CaO and K5O support a

fraﬁctional-crystallization model where mugearite, trachybasalt and

‘hawante are derived from};arental alkali olivine basalt. Varlatlon of

A MgO and FeO + Fep03 values may’ be partly due to setthng of early

~

formed olivirde crystals.
. ) ‘ i
Figure 12 shows the AFM trend of Heart Peaks volcanics in re-

lation to alkélixfé trends at Hawaii, the Hebrides, Tristan da Cunha,

and a typical tholeiitic trend. . The Level Mountain Group rocks plot in'

. 3
a range similar to fractionation trends seen in other alkalic centres,

with less iron enrichment than typical tholeiitié trends. The lack of a |

single clearly defined fractionation trend may indicate variation of

oxygen pressure during fractionation. High oxygen pressure would



Fig. 12. AFM diagram of the Heart Peaks volcanics.
€ - Tristan da-Cunha, d - Skaergaard. O Heart Peaks Formation e Level Mountain Group

«
2 - Hawatian trend, b- Calc-Alkaline trend,
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\
A

cause iron oxides to crystallize, causing iron depletion, while low
o_ngen pressures would favor iron enricilment. It has been suggested
that this mechaqism has affected fractionation:itrends in alkaline
volcanics of th;a Assab Range"' of Ethiopia‘ (De Fino et al., 1973).

"Trace Elements

' Trac~e and major-‘elemgnts have been analysed in 15 rocks by
X-ray fluorescence methods.

Trace element abundances and variation are now commonly being
used as indicators?of magma series, tectonic setting, and petrogenetic
processes (Pearce and Cann, 1973; Floyd ana Winchester, 1’975; Gast,
1968). Winche’/.st;zri"- arld Floyd (1é77) have used immobile elements to
classify differentiaéion products of alkaline and subalkglir}e rﬁagma series
using a series of variation dihgrams. ifnmobi.Ie elerﬁent concentrations
(Nb, 'in-, Y) from known volcanic envirénments have been found to show
distinct enrichment patterns related fo the alkalinity of the ?hagma.
Figure 13 illustrates that Nb/Y lfatios of Level Mountain Group rocks;
are high, characteristic of alkaline rock suites. The silica content is.

¢

used as an indicator of differentiation., Two samples from the Heart

P

»

Peaks Formation plot in fhe strong.ly alkaline range, which are incon-
sistent with major‘e_lefnen‘t indicators. \Figuré 13 also indicates the
felative constancy of inter-element ratios of the immobilé elements.
Barium, strontium, and rubidium are principally' controllea,by
feldspar crysta.ilizatipn. If K20 is used as-an indicator of differ-

entiation, Sr and Ba can be seen to be enriched in liquids to a point
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"‘lwhere th"ey both Eegin to be depleted b? crystallization of plagio.clase
and alkali feldspar respectively. Rubidium is continually enriched in
the residual liquids. Zirconiurr; shows initial enrichment in_ basaltic
rocks. Rb/Sr ratios are similar to those typical of alkali;le basalts.
Chromium shows a wide variation in rocks of comparable K,O contents
as does Ni, but in general K5O rich rocks are strongly depleted in
these elements which Wc;uld be removed in early phases such as olivine
and pyroxene: ‘see Figure 14. |

These trace element patterns are similar to those of jalkaline

i

‘magma series of the oceanic islands, of which St. Helena is particularly

representative.

H

Strontium and Oxygen Isotopes

. Oxygen isotope studies can be important in the study of vdlcani_c

rocks with regards to the role of fractional crystallization, con- K

-

tamination by assimilation of country rocks, genetic relationships
@)

between magmas and secondary hydrothermal and deuteric effects

(Taylor, 1968).

N [

In a magmatic environment, fractionation of-oxygen isotopes
between crystals and melt will be small because of the typically high
feniperatures involved (800-1200°C).  Nevertheless, oxygen isoto;ge

fractionations can have meaningful values in this temperature range for

~

the process of fractional -cryvstallization as has been shown by

Matsuhisa (1973). :

i

An important observation on primary, uncontaminated basaltic

ke .
v
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rocks is that material which is thought to have béen derived from the

.

" mantle typically-\s'howé'\a, §018 value of 5._.9%0 (Taylor, .1968). Conf‘

tinental crust{‘ okkt/lzi\other hand has a wide range of values (7.8 -
10. 2%o0 for granitic riot‘:ke). s v ’ ~
The, aim of an oxygen isotope study touches on three,‘laspects of
the Heart Peaks volcanics: .

. . o <
1) The relationship between acid and basic eruptives with

:' . N b v , . . . ‘)‘ ) . I
respect to fractional cf’%'stalhzatlon or contamination processes;

»

2) Ihe' relationship between hornblende inclusions and their

host bhéxsaltic rocks;
' RN R ) ’ o~ ' o
3) * The rble of H70 in the magmatic environment,

i c & . el ) .
-Oxygen isotope measurements on repres’entative rock types and

minerals from’ Heart Pe@ks rocks are presented in Table IV. In cases

where the fine gralned groundmass of spec1mens showed obvxous signs

: of secondary alteration,‘mine‘ral separates were obtained to‘obtain‘ a

representative primary analysis. For example, the analysed 1'8_,0/160'

v

. ratio of .seﬁédme from sample roc shouldvclocsely 'apﬁfi';:é)“ciméte the

«7

i
PPN

whole rock v.alue"be‘cauée senidine‘, with minor quartz, is the major

consﬁtuent\df the rock and the fractionation factor between sanidine .

| a-nd nlie,lt: i‘s' s'imilarfto‘_' that of qﬁartz' (fhe only ofher significent con-

“
o

st1tuent)

PN

The (018 va.]:ues for alkah-;basalt (5 44%0) and andesxte (6 47%0) -

fall thhm the low range tyblcal of unaltered p'ru'nary basalt, Flgure 15 :

7

. shows the oxygen motope data of the He?rt\Peaks rocks compared w1th

. . { . P -
Sa . v - R e

' “
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TABLE IV -
STRONTIUM AND OXYGEN ISOTOPE ANALYSES: i
'HEART PEAKS VOLCANICS
. e o 18
Sample No. Location and Description §0 T%oo(SMOW)
ic 1 Inclusion in Hawaiite flow |
Level Mountain Group °~ Hornblende 4. 89 :
0788-12 Alkali basalt flow; Level ‘ \‘\‘\ .
Mountain Group ‘Pyroxene 1 5.44 \\
4261-19 Alkali basalt flow; Level .,
- Mountain Group Whole Rock 5. 66
7788-13A Andesite flow; Level . -
Mountain Group - Whole Rock’ 6.47
. TOC - Rhyolite from Heart Peaks . :
Formation’ Sanidine . 8.63.
7 - ,. | 87. 86 .
. v - Sc/  Sr-
4261-22_ Alkali basalt flow; Level :
“Mountain Group v, 70324 t . 00002
SR (393. 18 ppm Sr)
‘ToC: Rhyolite frorh Heart Peaks N
' “Formation ‘ Whole Rock .71158%,00027
: T ' .. {21.06 ppm Sr)"
NBS 987 Standard: Official value - T.71014

Measured Valu;a . 71006 *7. 00010

o

e
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' Fig.15. Graph showing varfation of "%/'%, in several volcanic
- centres compared to Heart Peaks centre. O Feldspar. X quartz. o
, - © hornblende. @ pyroxene. @ whole-rock. Other_-data;_from Taylor(1968). /
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.data from numerous other volcanic centres. The values for average -
age ultramafic rocks are similar to the basalt range which may indicate

a common upper mantle source region for the basalt and ultramafic

rocks (Taylor, 1968)

The spread in sol8 values from 5. 6%o in alkah basalt through :
6.'47%o in andesite to 8. 63%o0 in rhyolite, appears to show a rough cor-""
relation between silica content and 018/‘O16 ratios. The effects of
fractional cry'staljliz'ation on the values 8f corrlagrrlatic rock stiites has
been demonstrated l)y Matsuhisa (l4'973) for several rock'suites- in Japan.

Where a correlation can be found between solidification index (as an
indicator of fractional crystallization) and ‘4018 values, the § values from

the most bisic to most acidic rocks differ in the order of 1%o0. In these

cases it has been assumed that there is a homogenous source of 0!8

depleted basa1t1c material and equilibrium fractlonatlon is ma1nta1ned

between liquid and crystals. Taylor s data show that 18O/lé’O ratios of
. KRN o
basalt and rhyolite from oceanic islands all show similar value s, with

\

‘the late dlfferentlates bemg e1ther shghtly enrrched or slxghtly depleted .

w1th respect to parental basaltic magmas. In the alkaline rock series

7

of Japan, the. correlatmn between sohd1£1catxon 1ndex and 6018 breaks 4
: down for the g’llica rlch alkaline rhyolites and trachyte,"whxle ‘tholeiitic
‘and calc-alkahne dxfferentlatxon series show good correlatxon through-

out the sequence. I.n ‘the Level Mountam Range (Hanulton and Muehlenbachs, -

'1977) a complex pattern of 6018 values has been found where peralkalme

acxd rocks have a. wxde range from 5 6%0 to 10 ‘0%0 in contrast to homo-

i

-‘7
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genous values (5.7-6.5%0) for basaltic rocks (Hamilton and Muehlenbachs,

1977). The breakdown of correlation of J018 values beWeen basic and

|acid rocks in these cases has been suggested to indicate that the acid
rocks are not related tovb_asic rocks by shimple differentiation mechan-
isms.
. ' In.the‘ light of these examples, it appears that the.spread of
. J oxygen isotopic #alues hetween basalt and rhyolite at I-\Iea}l}-} Peaks (2. 9%0)
may be too high to be. accounted for by fractl.onal crystalhzatlon models.
Related to ¢his problem Taylor (1968) has proposed several factors
%whlch may be responsible for high ‘ O/ O.values in volcanic rocks:
| 1) Crustal as similation of“l80 rich country rocks-;
Z)V Crystallization and ecjuilibratiou of acidic magmas ih a }{igh
| PHZO environrnent whe:.t'eICryst'alli‘zation of hornblende or biotite ts
possibie;.

a4

3) - Fundamental differences in the natureé?the parent material,

s

Rocks enfiched ih 18O are most available in areas of continental
volcanism”and are 11ke1y to have contam1nated volcamcs causing h1gh
O/ O ratios. Thxs mechamsm is suggested by Taylor (1968) to be

responsible for the high O/ O ratios in obs1d1ans from the cont1nenta1

U S.A. compared to oceamc obsidians. The occurrence of crust denved

1nc1us1ond’ in rocks of the Heart: Peaks Formatxon 1nd1cates the con-

2 v

H

tamxnatxon by a.ssn‘m.latxon of these rocks may. have occurred but its

| extent is dxffxcult to assess. -
Kaersuti_tic -hoxjnblende appears to haw're, been freely crystallized

-
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in intermediate rocks (Sarr;ple 7788-13). Since hornblende is lower in
180 than any of the c&mmo_r_l igneous minerals excépt magnetite, ‘its
crystallization.in sign}fiqant amounts in an environment qf high PHZO
Would have the effect-of engiching the re sidual liqﬁids in ILSO. §018

. o y
value of kaersutite inclusions in basalt is 4. 89%0. The occurrence of
~ ) :

this mineral indicates high PHZO conditions under magmatic conditions.
This mechanism is suggested by Taylor to account for high 180 ratios

-

in ‘cert'ain acid’volcanic rocks of the continental U.S. A.

A}

Strontium isotopic measurements on basalt from the Level

Mountain Group and rhyolite from the Heart Peaks F'ormationb give

*

. values of 87Sr/86Sr = 0.70344 and 0.71155 respectively. The low value

for basalt is typical of strontium isotopic composition 6f mantle derived
- : - ;

‘rocks, Basaltic rocks in the Level Moﬁntain Range have very low
87Sr/86.sr ratios in the r'g.nge . 7025-. 7044 (Harn’ilto;l, 9_&& R 19‘78).v Thg
- ‘isotopic ratio of rhyolite ( 71155) hovlzéVe;‘, appears to be anommlous.
.This ratio could be gene:rated from an initiai’ r:;tio of a;b_out . 7034 only
-over a period in the oraep of sixty million-‘years. This would in;ii;:ate ;/

-

much older age for the Heart Peaks Formation than other evidence,

>

. . - . . R .' i’ . * [ w
indicates, thus other possibilities must be cdnsidered to account for

this strontium isotopic“ra;ti@f. The most likely mechanisms include -

a

contamination by assimilation of 8?Sr-g§1ric};éd crustal rocks (Powell
and Bell, 1974) or secondary alteration proc"esst-a'é‘ involving strontium
ex’c':hangg.'; Dé,tava:vail'abl_e"a.t bresent arenot_‘sufficien%_'ye_rify any of
‘.‘ . .. . W . J i . . ‘ . . ;‘,»-’_,:N/

- thé se mechanisms which miy cause high‘&'ZSr/SGSr ratios in rhyolite.

. o - o . ‘ .
. . . . ) . N

-



CHAPTER VII
MINERALOGY

-«

'. Appéndix C contains electron microprobe analyses of pririciple'
mine_rals found ir; lavas of the Level I\{I‘ountair} Group and the Heart Peaks
- Forﬁqa}tion. Sou‘rces of error in microp?obe analyse§ 'of thin sectioﬁs
are n:urriérogs and may nqt '_alwha‘y'S" be q':‘.antitativ‘ely dete;;nined. Commlon
so{irces of error include:

l)  Operator error: slight defocussing of electron beam.or -
positioning‘ the electron beam too close to gra/in boundaries.

2) Incérpor-ation of minute inclusions in the analysis.

3) \ Systematic errors in countiﬁg statistics. . .

4) - 'I.nho.rnogen?it‘i‘es due to exsolution or zoning in crystals.

5) Instabilit‘{r of voiatile eiements ‘under the electron beam

'(pa;ticularly Na, .K and P). . . | S

Any analyses’ with totals less than 98% or greater than’102% have

been neglected.

Feldspar |
F‘eldsp‘a’m the most abundant crystalline .phése in the Heé;rt Peaks
volcanics shows a. variety of compositions and morphologies. In the '

)

most maf.ic;‘rocks plagioclase exists only as a-minor groundmass phase

which shows varxat).on in composxtxon from An49 to An5 9. Rare’ grams

K
)

of alkah feldspar are found’i in the groundmass but are generally too
smalltobeanalysed. : . ; ' | I N

t !
o



In medium grained subophitic basalts, euhedral plagAioclase)

"crystals show strong zoning va.rlying from A1’159 to( An68 in individualu;,‘i‘- ‘

grains, ‘Alkali feldspar is also present i(n minor quantities.
Fine grained .hawaiites (\)ften -coptain large euhedral feld’spar.'.‘»“:{:"’:Il:: Y

crystals which are crowded with pyroxene and opaque oxide inclusiﬁon?;.':-'.‘;; .

The phenocrysts have relatively sodic rich compositions ,(An42) com—_‘:

pared to calcium rich groundmass feldspar (An 63)' It is evident that ©

these crystals do not represent an equilibrium assemblage with ground-;

mass feldspars. Sodic phenoerysts may have crystallized from a
magma of different composition and were mixed into the more calcium

Arich' liquid in which they are found. Other phenoc_:rys%s in hawaiites are
‘ oA

clear, free of inclusiens, and partly‘enveloped by groundmass titani-

ferous pyroxene. - These phenocrysts (An58 to Ang,) appear to be close
v
to bemg an equ111br1urn assemblage w1th groundmass crystals.,

.

Broken and angular phenocrysts sometimes show two distinct

stages of growth; an unzoned core (An54) ,anel a zoned rim {(An_ )

59

separated by a‘fine line of opaque inclusions. :
; ] . o

-

These morphologies suggest a comPlex_pre-eruptive ‘history

ciﬁ,r_i\ng which feldspars have been crystallized and mixed into different ‘

liquid ‘compo s1t10ns,\\where crystallization has continued.
Jo. s ‘ . - :

— &

¢

Rocks of intermediate cofnposition (778’5-13) aieo show evidence_.'
of mixed feldspa'r° cofﬁpositions. Groundmass samdme (An9 58. 50 2 5)

coexxsts thh andesme (An.z?) and labradorite mlcrophenocrysts (An62)

The labradorite xs not hkely to have crystalhzed in equxhbrxum w1th 'the g

o
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groundmass. The composition of coexisting andesine and sanidine may

be used as a geothermometer. The.curves of Storrher (1975) are based’

on the albite content of coexisting feldspars. ‘It is reasonable to as sume,

since the feldspars are groundmass phases, that crystallization took

place at low pressure. ‘ The albiﬁte component of the coexistin‘g' feldspars
>indicavte crystallization at approx':unately 87‘0°C for hornblende bearing

andesite. . .
’ | Trachyte from the Heart Peaks For'mation (7788-8)"c9nta_ins

feldspars of widely varying compositions. Labradorite (Angj) is
.mantled by sapidi?lla (Anjg Abpy Org3) in phenocrysts which occur
as rirx;egular aggregates and are often crowded with'oéaque inclu;ions
and alteration. Groundn:.ass ofthotla{sJe has the composition . .
;‘AnloAb27 Or6‘3 and show pa‘tﬁcl}es‘of exsolved a.l'bi't.:e rich f‘eldspar..
-(A.n 6 Ab57 Or3—;); Lab-»rad'oriét.e phenoc::rysts may be‘ari equilibrium .

assemblage as plagioclase of this composition (Angg - Angg) is often

Lol -

found with alkali f‘é}if’dspar in trachytes (Rahmaq and MacKenzie, 1969),

Sanidine from rh};olite and ofher quartz-rich trachytes is similar in
. . ’ N
composition to sanidine in tfachyte but ge'ner.al'ly"there is no coexisting

[

v / ) . . Y,

plagioclase.

st

The compogition of feldspars is plotted on the ternary An-Ab-Or

diagram,(Fig"‘ure

6). ‘ Thou'gbv individual rocks shko'w crystals With

reverse and co plex -zoning due to mixing of phebnotrysts; these analy-
ses represent. frac;t';ohation trend where Ca-rich plagiodlase clx/iyg-'

. N . - . . X ’ i v ..f . x a .
tallized first followed by more ‘sodic.compositions which crystallized

S5



Ab in Plagioclase
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® Level Mt .Gp, _
o Heart Peaks Fm.

. Coexisting. Feldspars

Albite Content. in
. Feldspar

Ab

"Flg. 16. Feldspar composity
_after Stormer 1975).

~

~

ons in Heart Peiks'voklnics and feldspar geothermometer

Or
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[

simultaneously with alkali feldspar.

erO{Fene

Pyroxene of alkali olivine basalt magma is typf&:ally a single
Ca-rich clinopyroxene. Orthopyroxene or Na rich pyroxenes have not
been found in Heart Peaks la'vas. Clinopyrox‘e_ne composition from ’
Level Mountain Croup focks are f;)und in Appe;ndix B,

. Pyroxene from alkali- 011v1ne basalts are rich in T10 and

A1203. Kushiro (1960) and Verhoogen (1962) have indicated the s;\m:a

activity directly affects alurnlnurn and titanium act1v1ty in pyroxenes.

Liquids of low silica activity where. feldspar is stable favor the in-

corporatlon of Al'in both Z and XY sites in pyroxene Table V shows

comp051t10ns of Ca-rich pyroxenes in lavas of varylng silica act1v1ty

" compared to alumina-rich pyroxene from hawaiite and alkah olivine
/ :
basalt of the Level Mountain Group The alumina content of alkali °

basalt _Lndxcates conditions of very low silica actiyify, comparable to

that in strongly undersaturated lavas. A hi"gh perééntage of alumina is

~

thus allowed in both Z and XY sites.
Figure 17 shows pyroxene compositions in terms of the Mg, Ca
and Fe corhponenté. -Fractionation trends have 2 limited range, typical

. of Pyroxene from alkali basalt lavag and show uniform Ca enrithment.

" Olivine
~lvine

'Olivine coe’xisﬁnévﬁﬂi ’Cﬁ’aff»ic_h plagioclasemand--Ca;%f—rich»—~.~—» -

A Y
v

;clmopyroxene has a composition: of F°85 FalS Oiix}ine éompoqitions . |

- range to Fogg Fayg in tfa.chybasalt. Olivine is not as irﬁpq"rtant as

a
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* Heart Peaks lack ilmenite. In 1iquids of low -Sili‘c.a activity, the for-

" aluminous spinel. The composition of these rare fragments fits in the
‘. ‘spinel-hercynite solid solution (Mg, Fe) AL Q4. The fragﬁlenté\are

_ ) . : . - §
‘rimmed with titanomagnetite, whic_h‘ is the common groundmass phaée.

"Haggerty (1976) illustrates that épiriels of this compés‘ition‘ are typical

lization was completed in Jower pressure conditions.

(kaersutite) occurs as inclusions in intermediate and basaltic flows, a

prima#y phase of gabbroic inclusions, and as a groundmass phase in

" lated with magma cdinpo.sitiong’f and kaeféuéite in particular has been |

N S o

pyroxene as a‘phenocryst phase in the most mafic rocks. it is genexjaily S

‘restricted to the groundmass..

Opague Oxides

Opaque oxides.are a ",ubiquitéus phase in all rocks of the Heart

4

Peaks volcanics. Ch’arac’:tAeristic_ O'f_i'nost alkali basalts, the rocks at

‘mation of titaniferous pyroxene occurs at the expense. of ilmenite, thus

. titanomagnetite usually forms the only oxide phase. The absence of two .

coexisting oxidesprevents the use. of the Fg;T*i‘o;cide geothermometer.

Alkali basalt has been found to contain corroded fragmen?:édf

, : . . . PR
of those found as xenoliths in basalts, kimberlites and alpine-type '

: peridotifes(Figure 18). They may represent a véry early, hlg‘) pres'sur’é

“

crystallizing phase. The titanomagnetite rim indiqatés that cryst'alj-

o . T ' "

!

Amphibole : “ R S .

Titahium—r,;ch glmph_i:b_ole of the pargavsite—has?:in’g'sitese'rie"s‘
. o ﬂ

3

3 ’

O 7

intermediate lavas.” Amphibole composition generally cannot be corre:  , .

¥ h
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<ty
kS

o N

Basaits

Olivine

MgAl;0,4

Xenoliths in Basalt
and kimbertite

Alpine type Peridotite

MgCr204

ks

Fig. 18. Composition and occurrence of spinel in volcanics. Solid circle’
indicates composition of spinel in sample 4261-19. (Haggerty, 1976).

.
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known to occur in a wide range of magma types (Carmichael et al.,
. - B

1974), The cambosition of kl;ersutite nédules found in Level Mountain
Group basalt is similar to neph\el_in'é' nofmative alléali basalt; The -
,‘abun‘dance and distribution of kaersutite inclusions in Level Moun.tain_
Group r-ocks indicates conditions of high P:HZ‘O.which.are necaéssary for
‘the ‘crystaliization,of a hydrous mineral. This ;-;hase may have V;:Vry—
stallize'd/freely at some stage and may have 'c‘aused contarﬁination of ’_
{ : . ‘

some lavas by siinl.cing and resorption. Early érystallizétion»aﬁd re-
sorption of hornblende has been suggeste,d/to result in the in\crea'seAin
the mafic component of intermediate and felsic lavas and allow an
un.dersaturated condition, to cpntinue in the magma (Bowen,: I92§; .
‘Benson, 193\}}). In this céée, i‘f hornblende had crystallized from
. intermediate lavas, the femaining liquid®would tend to Become over-
‘saturated. Since these mechanisms are very difficult to evaluate it

should be noted that the importance of hornblende crystallization is as

an indicator of PHZO conditions in the intermediate magma compositions.



~

. CHAPTER VIII

PETROGENESIS

©
Partial fusion and fractional crystallization are the most rele-
vant mechanisms thought to be responsible for the origin and diversity
of rx;agrhatié liquidé.. The fact that some degreé of partial fusién of
appropriate parental matérial must-be responsible for initial magma

generation is accepted, however the extent to which partial fusion, as""
” ‘ \

opposed to fractipnal \(:r}(r“j‘stalli:zatiqn,‘ controls fh'e variation of erupted
magfna clompo'sitions Lrnust bé cons;dered. Yoder (1973) and Ci’layes ’ '
(1977) suggest that the mechanism of partial fusion may be apphcable
to the productloqof contemporaneous magmas\ of w1dely varying com-
positions without a continuum of intermediate llqulds.‘ Despite the
aispute over the existence of"'Da'ly' gaps (BalLker,, 1968), the mechanism
of éartial fusio;l has been attracted to suite‘s of alkaline; voléanics‘which

often appear to show a'distinct bimodal distribution of inagfna com-

positions. Presnall (1969) and Yoder (1973) have presented model for
, ' Ry
. ~partial melting behaviour which might generate trachytic and basaltic

liquids' from a quartz normative parent and suggest that this mechanism

may be applicable to undersaturated parental rocks. <
’ el
( r

Some advocates of fracg.onal crystalhzatlon models for alkahne
, , . )
rock suites have questioned the existence of ‘Daly gaps (Baker, 1968
Cann, 1968) Baker et al., (1977) attribute the apparent b1moda1 fre-

quency of basic and felsic compositions to the efficiency of a basaltic

83
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parent to produc‘e trachytg. The trachytic liq&&ihich ha;/.-t"e fofmed

in intracrustal magma chambers, are preferentially erupfed due to their
relativelir lowl specific gravity. Mass balancg equations for major ele-
menf compositions and R%yleigh law modelling of trace elerﬁent cbntents'
support fractional %r'ystallization as, the dominant mechanism in the

ﬁést African Rift lavés (Baker et _ai. , }9’?/7) and in the Rainbow Range
Volcamés of west-central British Col.mnbia (Beviégrt; 1978). )

‘ In order té assess the relative importance of fractional c'ryst_al-
lization ve‘rsus'part‘ial fusion processes on the basis _,of.majo(r elément§,
a representative suite of both liciuid and re sidual crystal phases is
ne'ces-sary, Pr_e‘snalll (1969) indicates that fractional fusion will produce
a discontinuous liquid series and a continuous residual crystal series,:
while fractional crystallization will produce a continuous liquid series .
J'and a discontinﬁou's residual crystal seffes. At Heart Peaks there
appears to be a continuous series of liquid compositions as seen in
oxide variatio‘n diagrams. If co‘arse. grainéd inclusions found in Heart
Peaks énfl Level Mountain Group lavas represent the esidual CrYstals
after fractional crystallization, then the comp§)sitions of these cognate
inclusions may be as important as the liquid cvompositi_ons, as reflected
in the anglyée si of flows, in determining how the residual crystal series
varies.

Trace elements may be the most uéeful evidence in formulating
models for the derivation of basaltic liquids (Bg,ker, -1977; Ferrara and
Treuil, ~ 1974; Gast, 1968). Gast (1968) has shown that 'high abundances

>
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1

of,‘t‘i‘xe large cations, ‘Rb, Sr, Ba and Zr which-are typical of ;).lkaline,
.magmas.would be prc.)d\?‘ced b&r small degrees (3-7%) of partial melting )
of per‘i;dotitié mantle. Alkali basalt of the Lej/el Mountain C'iré)up con-
t;in high abundances of the large-ion lithophile elements compared to
the rellati.vely depletéd)vélués typical of tholeiitic rocks.

Continuous fnajor and tfé.ce element variations in,hrocks of the
Level Mountain Group u?upport a fractional crysta‘ll.ization.model. The
most abundant mafic magma- composition, alkali basalt, is a likel-y

¢ &

parent for hawaiite, trachybasalt, and minor andesite which are derived
" by fractional crystallization. Mafic“ankaramite may'be the result of
accumulation of pyfoxene and o‘livine crystals which are important early

-

crystallizing phases. Early crystallization of the se phase—s would cause
initial enrichment in residual liquids of Rb, Ba, Srl‘and Zr as seen in
Figure 15. Major élements reflec‘é this in the depletion of Ca, Mg and. -
Ti in rersidual liq~uids.v The gc;after of points in the MgO and FeO versus
S5iQ, diagrams fnay Jl'.ndicate settling and mixfég, c;f olivine phenocrysts
in hawaiite and trachybasalt. After pyroxene' and élivine',- cry.étalli-
za;cion of plagioclase caused a depl:stion q£‘Sr in hawaiite and trachy-
.basalt, reveljsing. its initiai enrichment in the res;dual ,liquid;. Ba was
rapidly depleted with the onset of al'ke;li‘feldslpar crystallization. Rb, K
and Na continue to be en;iched in re sidgé;l liquids. Apparent dis-
eg’uilibriurn f'eldépar assemblages may indicate that mixing of early

formed crystals with more or i»ess evolved liquids has occurred.

Gabbroic and dioritic inclusions contain titanopyroxene, olivine,

<
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kaersutite, plagioclase and alkali feldspar, all phases which are princi-'.
pal constituents of Level Mountain Group eruptive rocks. Rare alu’-.
‘minous spinei inclusions may represent a cognate phase which

crystallized in a high temperature regime from basaltic magma.’

‘Intermediate and Silicic Magmas

- The occurrence -of alkaline and subalkaline silicic lavas in the
same volcanic province is }; pr?blem discussed ByAE‘wart et al., (1976) -
' fdr_the association of metalufniﬁoﬁs and peralk'al.ine. rh')'rolités in éastein )
'Au.st-ralia, ‘and by Kiselev et al., \’(19'78:) for conterhporanéoﬁs alkaline .-
an’d Atvho‘lei.itic rocks in the Baikal Rift. Differing magrﬁa ,fypes have been
suggested to be rela;ced by hi.gh pressure frac‘ti.o\n‘abl'brystallization,
(Kiseleiv et al., 1‘9'7 8) .'ffa_cti.o;a:‘l »cryst‘alli’zati‘o‘r‘l modified by crustal
‘(’:onta.xn.ination, or melting. df different source rocks (Ewart et al., 1976).
| -Intermediate r_ocksl"of ‘the Le‘(rel Mou.'.ntain'Group'a;I;d silicic rocks t
of thé Héart Peaics Form;.'tioﬁ have tranéitiohai to 'subaj.kaljine com-
po s‘i.tior}s compé.red to\‘\’cons,istgrr‘ltly élkaline mafic compoéitions' iﬁ the
Level M’ountain'Gr‘oup. Répregenfa;tive analyses of silicic rocks are-
lacking mainly jdue';«to diiéfic_ﬁlties 1n sampling these highly éltgered rocks.
Siiica values h'ave‘.b_ee'n affe c_téd mé stf‘in .t}‘:le :;1féred’-roc"ks. whe.l.‘e‘ they '
afe unrealistically High; This lack of.rep.rﬂesentativeA comp’t;asuitions
mal.cesbtﬁe/link be"cwéen trh‘e” ’rock"si ’of. -the ‘aLe‘-vel Mduntain G>ro:up‘ and the
: ~He$;t,'Péaks'Formation ;)Bsédré." ‘Tht_ao_z_'ie's f‘oi‘ the_ gen,ex‘;ation‘of con-
terhpofaneéus .;hyolitic ahdv basaltic magma‘s which in‘&olye melting of

different source rocks and the tapping of magma reservoirs containing
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contrasting magma types all presuppose thetfxist‘_e_nce of magmas of

contraéting compositions. However, fractional crystallization and
“ ~ _ , _ ,
fractional melting are mechanisms which will extend the liquid line of

descent. Factors such as high pressure fractionation, H,O centent, =,
oxygen ac:c;vity and temperature conditions in ihtermediate magmas

may give considerable scope in the dévelopment of re sidual silicic
| :
liquids. .

Oxygen‘ isotope data indicates that crustal contamination cannot

"be a significant factor affecting mafic or silicic magmas at Heart Peaks.

In the light of information from Edziza and the Rainbow Range in

T

British Columbia,.a fractional crystallization mechanisnﬁ seéms to’be
applicable to the Heart Peaks volcanics. Investigation of high pressure

megacrysts and cumulates in the Heart Peaks le;anics may' provide

evidence regarding the applicability of high preéssure fractionation as a

factor responsible for the existence of both alkaline and subalkaline
compositions.

Oxygen and Strontium Isotopes S .

5018‘va1ues for basalt in the order of 5%o are indicative of uncon-

@

t : i ’ , e
taminated mantle derived basaltic material (Taylor, 1968). -High 018

values for rhyolite may indicate high water contents during the cry-

stallizatign of intermediate and sfilici_c magmas when equilibsration could

‘occur between the magma and O'8 richr water.

The 8751‘/.8651' ratio of 0.70344 for _alkalliy'basa.lt is anotfjrir"xl

dicator that basalt was derived fromﬁafmantlé source and is unaffected

-

o

o

-

N
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by crustal contamination, ‘however, the high’isotopi{c ratio in rhyolite

requires that some Consideration be given to alteration and contamin-

. . (7
.ation mechanisms. -

s



CHAPTER IX

-CONCLUSIONS

The geolbgy of the late Cenozoic volcanics of the Heart Peaks

~ plateau is dominated by two compositionally distinct rock units.
. X T \\ ' N

Basaltic to Ainter‘rnediaté rocks ;)f the Level Mountain Group, which are
tgxfura_lly and compositionally similar to the basaltic rocks in the

| Level‘Mountainb Raﬁge t; the east, have })gilt a flat-.-lyi'ng succ.essiobn
unc[)nformably abo"v:e' deformed and meta;‘;horphoéed, pre-Cenozoic

-

sedimentary and volcanic rocks. The Heart Peaks Formation is com-
e avs s ‘ : . LT " :
posed of silicic flows and pyroclastic rocks erupted in the same ‘time
o, . . ] ..
interval as.rocks of the Level Mountain.Group. The association of
alkali basalt and rhyolitic eruptives can be seen in other late-Cenozoic

eruptive centres of northern British Columbia such as the Level

.

‘Mountain centre east of Heart Peaks and the Edziza Range to the__\outh.

Silicic rocks at Hear‘t Peaké,_ howéver, do not show the strongly en-
riched alkaline che’miétfy and mineralogy typical of the Edziza and

Level Mountain cenfre s. The mineralogy and chemistry of the silicic

rocks of the Heart Peaks Formation is distinctly r}on—per'aikaline.

Volcanic rocks of the Heart Peaks area show characteristics of
. ) . .

the alkali olivine basalt series common to numerous centres around the

world. The common association of alkaline volcanism withbcont'inental ,

- tensional tectonic environments has been emphasized, particularly with
respect to Cenozoic volcanism. - Comparisons of magma associations
v |

Jr
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and geophysi\c/%f‘l charactéristiés of well known volcanic centres with
e

Heart Pea.ks and northern British Columbia in general reveals numer-

ous-similarities which may suppdrt the model of a tensional tectonic

[S

regime in northern British Columbia.

RS

d Mount Edziza Range s" of

northern British Columbia, the occurrence of non-peralkaline inter -

-

mediate and silicic rocks in-the Heart Peaks Formation is an important -

- exception to the compositional trends of late Cenozoic volcanics in the
. . o« ’
Stikine belt of northern British Columbia.
. .
Petrography of lavas shows textures typical of fluid, fissure

type eruptives of basaltic and intermediate magma’. High viscosity of

, —

silicic eruptives is reflected by their occurrence as steep sﬁed domes

composed of glassy and porphyritic flows and fine grained pyroclastics.

W

Similarities in mineralogy among the eruptive series and the coarse-

grained inclusions and megaérysts illustrates a genetic link f&r these

suites. - ' ' ‘ ‘ .
Mineralogical variations in the Lewel Mountain Group can be
seen in the continuous variation of plagioclase feldspars from An68 to

'An4\3. Olivine shows a wide compositi’-’o.nal variation from Fogg Fapg tor.

(53

FosgFags Ca-rich pyroxene compositions show a restricted com- -
positiomal range typical of_the'alkali olivine basalt series in general.
 kaersutite megacrysts are similar in comf;losition to amphibole found

as a major groundmass phase in andesite. In the Heart Pe'aks"Formation,

[N ’
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! c . . . { ) -\ .-, . N
rhyolite contains sanidine with annarrow contbositional range and trac-

5

hyte contains orthoclase showing exsolution of an albite-rich phase in

an orfthoclaSe-r_ich host. ‘Apparent disequilibrium feldspar assemblages

S _ : . X
and complex zoning in feldspars indicates some degree of mixing of

i
-~

early forirhed crystals with,more or less evolved liquids and fluctuation

~of HyO activity. . . . <

Major and trace element variations are suggested to be due to a
Q2

fractio;‘lall crystalliZatidn process. ’fhe effect of partial melting
mechanisms are difficu:lt to distinguish from fractional crystallization
effects when erupt‘we pi‘odu"cts only are being considered, but the ,_close¥
ly modelled behaviour and mas_é balance calcﬁlatibns applied to alkali
bvas_alt series for frabc'tiona;.l crysta‘llization processes’ is much better &

known.,

While a mantle derivation for alkali basalt magma 1is suggested

by oxygen and strontium isotope value 8, speculation on the 6rigin of

rhyolite from the Heart Peaks Formation requires more extensive

“investigation with respect to isotbpe data.
. R . . ” . & L
Mineralogical and chemical differences between silicic rocks at

.
¢

Heart Peaks and those at other centres in the Stikine Belt may indicate

systematic differences in source regions, fractionation conditions or
crustal environment within this volcanic region. This possibility should
be ‘considered in any further study of the volcanic regime of northern

British Columbia.
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Feldspar

1 7/3-1K.
2 7/3-1K

3 7788-13A
4. 7788-13A
5, 7788-13A
6 0788-7

7 0788-7

8. 0788-7
9. TOC

10. TOC

11. 4261-20
12. 7788-8
13, 7788-8
14, 7788-8
15. 0788-6
16. 0788-6
17. 0788-6
18. 0788-17
19.  0788-17
20. 0789-1
21. 0789-1

22. 0789-1

Pyroxene

-1, 7/3-1K
2. 4261-19
3. 4261-19
4, 0788-7

" 5. 4261-20

Ol\ivine
1. 4261-19
2. 4261-20

3. 0789-1
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Labradorite Groundmass.
Andesine Phenocryst
Andesine Groundmass
Labradorite Microphenocryst
Sanidine

Labradorite Phenocryst
Labradorite Phenocryst
Labradorite Groundmass
Sanidine ’
Sanidine

Labradorite

Sanidine

Labradorite

Sanidine

" Labradorite

Labradorite
Liabradorite Groundmass
Labradorite
Labradorite
Labradorite
Labradorite
Labradorite Groundmas s

Augite Groundmass
Augite '
Augite
Augite
Augite

Opaque Oxides

1. 7/3-1K Titanomagnefite

2. 4261-19 Spinel

-

/ :
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ANALYTICAL METHODS
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Electron Microprobe Analyses

Whole rock and mineral analyses were run on a ARL-EMX

"microprobe fitted with an ORTEC Si (Li) detector. A fully quantitative
energy dispersive method was used. Methods used for background

shaping and scaling, overlap corrections and adjustments for instru-
mental drift have been described by Smith (1975, 1976) and Smith and
Gold (1975). The operating conditions were: .

- .15 KV accelerating potential;

-

- 30 nA probe current;

~" 400 seconds counting time;

‘ ' -~

- a focussed or scanning beam depending on the object being

analysed (from 16 by 16 to 600 by 400 microns scanning
area).
L -

Standards used were mineral and glass standards available in the
microprobe lab. Standard numbers and descriptions are found in
Table VI. For mineral analyses, all elements except Fe, Ti, and P
were analysed against two standards as shown and. results were aver-
aged when the composition of the analysed spe cimen was not similar
to the composition of the standard.

Rocks were prepared for microprobe analysis by grinding to a fine
powder and then fusing them to a homogenous glass. Fusion of rock
powders using an 1mage furnace, as descrlbed by Schimann (1978), is
advantageous in that it eliminates the probRem of contamlnatlon from
the sample container and loss of alkalis during the fus;on process.

. Eneggy dispersive analyses were processed by the cornputer pro-
gram EDATA. :



TABLE VI

ELECTRON MICROPROBE STANDARDS

/Mineral Analyses:
N

ELEMENT-

Si veinenn. .

STANDARD

Sanidine '

Obsidian

Albite

'Sanidine

Ilmenite
Ilmenite

Olivine

Diops_ide

Bytownite

Diopside

Albite

Obsidian

Sanidine.

Obsidian

‘Obsidian

* s e 0 00000

ooooooooo

---------

---------

CLAM-7

EPS11-6

EPSII-1

CLAM-7

CLAM-5

CLAM-5

EPS12-6

CLAM-9

EPS1i-2

CLAM-9

EPS1l-1

EPS11-6

CLAM-T

EPSll-() :

EPS11-6

114

STANDARD NUMBER

(cont'd.)
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ELECTRON MICROPROBE STANDARDS

Vo
Whole Rock Analyses: .

ELEMENT 2 ,I(STANDARD | STANDARD NUMBER |
Sio..... .... Obsidian ..... 639-10 |
Ti ....... i Kakénui Pyrope 1 6;39—2
Al . QWicks‘Grossular ....... 63971
Fe ..... oo Kakanui\ Pyrope ..... .- 639-2
Mn ......... Wicks G§ros§u1ar R RREE 639”-1
Mg ..... .. Kakanui Pyrope ....... 639-2
'Ca-. ......... Wicks drosgula;_.- ...... 639-1“

Na Obsidién ......... 639-10
K ieeiea... Obsidian ......... 639-10

P ......... Obsidian Cereeesss.  639-10 °
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XRF Analyses

'}’{-ray fluqrescen.ce analyses were performed on pressed pow-
der‘bric_qtletts using a polyvinyl alcohol bincier, and both rr{ajor and
trace elements were determinéd on th'ese briq{letts by G. Holland

(Holland and Brindle, 1966). A Philips 1212 automatic X-ray fluores-

tence spectrometer was used, coupled to a Torrens TE 108 automatic

sample holder and interfaced to a card punch for direct data handling

by computer. ’

Oxygen Isotope Analyses
Samples for oxygeﬁ isotope analysi-s were collected using the
-Bromine Pentafluoride method similar to that described by Clayton and

Mayeda (1963). Analyses are repofted in units where:

18 18 . ,16 : 18,16
= o/ O.(sample) - o/

180/ 16

o

O(§f:andard) 103 %o
O(standard) '

" The oxygen isotopic ratio of standard mean ocean water (SMOW) is used

as a standard for reporting.oxygen isotope variations.

[+
Q

Penfield H,O Analyses
Total water contents (H20+ and H,O7) were determined by"fAus'ion
of a known quantity of rock powder ('lg. ) with:‘PbO as a flux (.5g. ).

Water driven off was condensed and wéighed in Penfield tubes. From

. . . L ’ -
total water, atmosphefic water (HZO-) was subtracted. Correction was
. ) . . 3
‘also made for water contained in the PbO flux. '



