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PREFACE 
The study of an interes ting complex of sa nidin e-plagioclase-quartz porphyr ies 

wa undertaken by the author as a doctorate thes is problem for the Univers ity of 
Wi consin. The thes is is the basis fo r thi s report. 

The author presents some tentative conclu sions on the natu re and o ri gin of the 
p henocrysts and , in the light of these conclu sions, di scussc the origin of the rocks 
themselves. 

J. J\ L H ARRISON, 

Director, Geological Survey of Canada 

O TTAWA, December 3, 1963 
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FELDSPAR AND QUARTZ PHENOCRYSTS IN THE 

SHINGLE CREEK PORPHYRY, BRITISH COLUMBIA 

Abstract 

The Shin gle C reek porphyry is ex posed within an area o f som e 4t by 
I } miles immediatel y southwest of Penticton , British Colum bia . It is intruded 
into a basement complex composed chi efl y of andes ine-rich gra nodio rite, a nd 
is borde red on th e south by tuff a nd agglomerate tha t ma y form remna nts o f 
a volcanic con e. These rocks a re in p a rt ove rl a pped by basic volca nic rocks 
of the Marron F orm ation . 

T he porph yry is coa rsely porph yriti c with sa nidine, pl ag ioclase, quartz, 
and minor mafic ph enocrysts in a fin e-gra ined m a trix. It is diffe renti a ted into 
an earlie r albite-bea ring ph ase fol lowed by an o ligoclase-bearin g ph ase. Pl ag io­
cl ase in the range An s to An rn is la rge ly mi ss ing. Th e two p lag ioclase phases 
a re essentia ll y simil a r, except th at th e mea n lime content is slightl y highe r in 
th e o ligoclase ph ase. 

Petrographi c and min eral og ica l fea tures o f the broad eas te rn pa rt of th e 
intrus ion, he re in ca ll ed the 'neck', are compa red with those o f dykes to the 
no rth and wes t. R ock fo rming th e dy kes is chemicall y simil a r to th a t formin g 
the neck . R egions of low ph enocryst con centra tion a re found in th e a lbite 
ph ase of th e neck and in th e o ligoclase ph ase of p a rt of the dykes adjacent 
to th e nec k. Albite from the neck shows highe r nega ti ve o ptic a ngles tha n 
a lbite fro m the dykes . N o d iffe rence be tween o ptic angles o f o li goclase from 
the two regions was demon strated . Alpha refracti ve index meas urements sug­
gest th at the range in pl ag ioclase composition is much th e sa me in bo th th e 
dykes and the neck. 

La rge sanid ine ph enocrysts show oscill a tory zo ning with co mpositio ns 
chie fl y in the ra nge OrGo to Orso . Oscill a tion p ho tograph s indi ca te th at som e 
crysta ls a re unmi xed and th at crys ta ls not unmixed have average o ptic angles 
less th a n 30 degrees. A thin-section fragment of a zo ned sanicline hea ted fo r 
20 minutes at 800 °C reta in ed its zoned tex ture ; however. c ryptoperthiti c un · 
mi xin g was homogenized by simil a r treatm ent. Th e lowest optic a ngles in 
a nicli ne a re fo und in the neck. 

Qu art z ph enocrys ts show rounded to embayecl outlines and a re comm only 
surro und ed by ha loes o f matri x qu a rtz o r cha lcedon y (?) . 

R esume 

Le porph yre de Shin gle C ree k qui a ffl eure cl a ns une a ire mesurant 4t sur 
I t mille se trou ve juste au sucl -ou est de P enticton (C.- B.). JI est injec te cla ns 
un co mpl exe de base compose surtout de gra nocliorite ri che en and es in e, e l sa 
bordure Sud es t form ee de tuf et d'agglom erat qui so nt peut-et re des vesti ges 
cl' un cone volca nique. Ces roches sont recou vertes en p a rtie p a r des roches 
ignees bas iques de la fo rm ation M arron . 

Le po rph yre es t a gra in grass ier ; ii contient de Ia sanicline, du plagioclase, 
du qu a rt z et un peu de phenocristaux de min eraux ferrom agnesiens cla ns une 
ga ngue microgrenu e. On le classe en deux fa cies, le premi er en date etant a 



albite et le second , a o ligoclase. ll n ·y a guere de pl ag ioclase do nt la com ­
position chimique va rie de 8 a 19 p . I 00 en a north ite. Les cleux fac ies a 
pl ag ioclase sont presqu e iclentiques, m ais la teneur moyenne en chaux du 
fac ics a o li gocl ase es t un peu super ieure. 

L'auteur compa re Jes ca racteres des roches et des min eraux du grand 
sectcur Est de !'intrusion, qu ' il appell e «neck» , avec ce ux des dykes s itues au 
no rcl e t a l 'ouest. ll y a une ressemb lance chimique entre la roche des dykes 
e t ce ll e du «neck ». JI y a des secteurs contenan t p eu de phenocri sta ux clans 
le fa c ies a albite du «neck» e t, pres de ce clernier, cla ns le fac ies a o li goclase 
cl 'une p artie des dykes. L 'albite prese nte dans le «neck» mont re des angles 
optiques negatifs pl us o uve rts qu e ceux de l'a lbite des dykes . On n'a pas 
prouve qu e les angles optique de l'o ligocl ase des cleux encl roi ts di ffere nt. Des 
me urcs de l' in cl icc de re frac tio n a lph a po rtent ~1 cro ire quc la compositio n du 
pl agioclase va rie a peu pres da ns la meme p roporti on cl ans Jes dykes comm e 
cla ns le «neck ». 

De g ros ph enocrista ux de sa nidine m ontrent une struc ture zonaire osc il ­
lan te e t se composent Jc plus so uvcnt de 60 a 80 p . 100 e n o rth ose. D'a prcs 
des ph otos prises par oscill at io n, certa ins cri sta ux sont purs ( no n melanges) 
et leur angle optique moyen est in fer ieur a 30. U ne pa rtie d 'une coupe mince 
de sanicline zo na irc, chauffec pendant 20 minutes a 800 °C, a conse rve sa 
structure; cependant, on a ho mogeneise de la meme foc;o n l'enchevetrement de 
c rypto perthite. C'cs t cl a ns le «neck » qu 'o n a trou vc lcs a ngles optiqu es Jes plu s 
fe rm es cl ans la sa nid ine. 

Les phenoc ri sta ux de quartz, dont Jes contours sont tant6 t c reux, sont le 
plu s souvent ento ures de halos de qu art z ou de ca lcedoine (?) cl ans la ga ngue. 



INTRODUCTIO 

Location and A ccessibili[y 

The Shingle Creek porphyry lies in the valley of Shingle Creek on the 
Penticton Indian Reserve, roughly 3 m iles southwest of the Ca nad ian Pacific 
R ailway station at Penticton. lt is expo ed across an area of about 4t miles (east 
to west) by H- mile (north to south); volcanic debris associated with it is exposed 
to the south and west. General di sposition of the porphyry relative to the 
surroundi ng countrys ide and geological fo rm at ions is shown on the map by H . S. 
Bostock (194 1). 

The area can be reached either by the north branch of Shingle Creek road 
fro m Penticton or by the south branch from Skaha wharf. T hese two branches join 
near the northeast corner of the intrusion and continue westward along the 
intrusion, up the bottom of Shingle C reek valley to Shatford Creek. The part of the 
porphyry south of Shingle Creek may be seen along a poor road th at winds up onto 
the silt terraces west of the highway near Skaha wharf. 

Gen eral N ature and Terminology 

Though dyke-like in general outline, the porphyry i broadest within Okana­
gan Valley and tapers rather abruptly westward where it penetrates the west wall of 
the valley. The structure is further complicated by two closely similar petrological 
phases, each of which is present on both sides of the con triction. These phases are 
di stingui shed only by the presence of albite in the earlier and oligoclase in the later. 
Tuff, bearing the same minerals as the porphyry, and intercalated agglomera te are 
exposed in a belt to the south and west and may be remnants of an irregular 
volcanic co ne. 

For convenience, parts of the intrusion are named: 
(1) T he north dyke: the large dyke that ex tends westward along the north 

slopes above Shingle Creek and crosses to the south side of the valley at its western 
end. 

(2) T he neck: the broad part of the porphyry that extends from the eas t limit 
of outcrop westward to the promontory that restricts Shingle Creek valley where it 
passes into Okanagan Valley, but excluding the small dykes cutting lower Shingle 
Creek valley (see Inset, Map l 169A, in pocket). The remainder of the porphyry 
is referred to as the dykes. 

(3) Southeast contact canyon : the sinuous canyon that follows the southeast 
contact of the intrusion (southwest contact of the neck). 
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Shingle Creek Porphyry, Briti sh Columbia 

Previous Geological Work 

The a reas of Tertiary rocks in southern British Columbia, of which the Shingle 
Creek porphyry is part, were first delineated by G. M . Dawson (1877) . In 1928, 
H. S. Bostock (1941) mapped the area including the porphyry at a scale of 1 inch 
to l mile. R. F . Flint (1935) , W. H. Mathews (1944) , and others have published 
accounts of the Pleistocene and R ecent deposits , and of the geomorphic fea tures of 
Okanagan Valley. In his study of the etch reactions of alpha and beta quartz, V. 
Ben Meen (1934) used quartz phenocrysts from the "Qu artz Porphyry at 
Penticton, B.C." 

The study of the Shingle Creek area was suggested to the author by H . S. 
Bostock. A section across the north dyke and an area along southeast contact 
canyon were investigated as a Master's thesis problem for the U niversity of British 
Columbi a (H. H . Bostock, 1956). 

Field Work 
Field work was carried out during the summer of 1957 for the Geological 

Survey of Canada. Mapping was done by plane-table using a triangulated control 
and a datum level of J ,109 feet for the waterline at Skaha wharf. A base line of 
9,700 fee t was measured along the Canadian Pacific R ailway bed in Okanagan 
Va lley. 

Physiography 
Shingle Creek lies at the southeast end of the Interior Plateau, wh ich for ms 

part of the Interior System of British Columbia. The porphyry is contained entirely 
within Shingle Creek valJey, one of many tributa ry valleys that deeply dissect the 
southern end of the Plateau. Relief within the area reaches a max imum of 3,400 
feet, with the ridges north and south of Shingle Creek attaining an altitude of 
slightly more than 4 ,500 feet above sea-level. 

Phys iographicall y the a rea may be divided into (1) the mountain slopes; (2) 
the silt and gravel terraces; and (3) the Shi ngle Creek flood pl ain . 

Mountain Slopes 

From the ridge summits down to about 3,500 feet the mountain slopes are 
relatively gentle, but from th at level down to about 2,000 feet , they are steeper. In 
this interval , talus is abund ant, and numerous gullies di ssect the glacial till. Below 
the 2,000-foot contour, bedrock is ex tensively covered with alluvium, silt , and ti!J . 
Most of the larger gulli es on the mountain slopes d iminish in size or vanish entirely 
between the 1,800- and 2,000-foot levels. 

S ilt and Gravel Terraces 

T hese deposits consist principally of fres h feldspathic rock flo ur, cream white 
to pale buff, with interbedded clay lamin ae near the bottom and so me sand and 
gravel near the top, particularly along the course of Shingle Creek (Flint , J 935). 
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In t roduction 

The author has observed gravel and till lying beneath some of the sil t deposits in the 
lower valley of Shingle Creek. In the steeper parts of the valley, talus deposits may 
also underlie the silt. F ine laminations and crossbedding are common along the 
vertical silt bluffs in Okanagan Valley above and below the mouth of Shingle C reek. 
Silt and gravel benches a re also well developed in the va lley at the junction of 
Shatford and Shingle Creeks. 

Shingle Creek Flood Plain 

A t their junction, Shatfo rd and Shingle Creeks are sluggish streams meander­
ing across a nearly flat fl ood plain 200 to 300 ya rds wide. Below the junction, the 
valley grade steepens and Shingle Creek flows between silt bluffs and fans in a gully 
50 to 100 ya rds wide. A t an elevation of about 1,350 feet, a mile west of Okanagan 
Valley, the creek is confined to a rock-walled gorge about 30 ya rds wide and 
reaches its maximum grade of about J in 10. Below this the grade diminishes and 
the fl ood pl ain gradu ally widens to its junction with O kanagan Valley. 

A cknowled gm ents 

T he author wishes to express his appreciati on to P rofessors R. M. Gates and 
S. W. Bailey of the Uni versity of Wisconsin for guidance and helpful suggestions; to 
members of the Geological Survey of Canada; and to Dr. John Moo re of Ca rleton 
University, Ottawa, who criti cally read the manuscript. 

Indi ans of the Penticton R eserve ki ndly permitted work on the ir land ; and 
John C. Lamont of Chemainus, Bri t ish Columbi a, gave exce llent assistance in the 
field . 
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GEI ERAL GEOLOGY 
Consolidated rocks of the Shingle Creek area, which range from post-Tri ass ic 

to early Tertiary, may be broadly divided into an older plutonic group and a 
younger essentially volca nic group. The plutonic group includes diorite, quartz 
diorite, granodiorite, and fine porphyritic to medium-grained granite. The volcanic 
group includes the Shingle Creek porphyry, a shallow intensely porphyritic 
intrusion of granitic composition ; the Springbrook Formation, which, at Shingle 
Creek, is largely composed of tuff and agglomerate ; and the Marron basic volcanic 
rocks. 

Era Period 

Cenozo ic Pleistocene to Recent 

Pre- late Eocene 

Mesozoic Pos t-Triassic 

Table of Formations 

Formatio n Litho logy 

J Glac ia l till , s ilt , a lluvi um, ta lus 

Unconformity 

Ma rron 

Springbrook 

Andesite, trachya ndesite, basa lt, 
agglomerate, tuff 

Tuff, agg lomera te, breccia mud-
s tone 

Shingle Creek po rphyry Granite po rphyry 

Intrusive co ntact 

Fine po rphyritic to medium­
grained granite 

Granodiorite 
Diorite, quartz diorite 

Post-Triassic Plutonic Rocks 

Diorite 
The diorite at Shingle Creek is a melanocratic, equigranular, medium-grained 

rock that is in contact with the Shingle Creek porphyry at its western extremity. 
Exposures are commonly iron stained , unlike those of the gra nodiorite and granitic 
rocks. Age relations between the diorite and other plutonic rocks in the area are not 
clear, except that diorite outcrops are cut by fine-grained granite dykes. 
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Ge neral Geology 

T he proportions of mineral s in the diorite vary considerably, and some 
specimens might better be classified as qu artz diorites . The rock is, however, typi­
cally rich in plagioclase (A n4 0 to A n:; 11 ) and hornblende, with va rious amounts 
of biotite and chlorite, and minor epidote and quartz. Magnetite, apatite, and sphene 
are accessory minera ls. Zoning in plagioclase, though present, tends to be fuzzy in 
cont rast to th at in the plagioclase of the granodiori te. A nalyses and no rms of two 
specimens are given in Table IX. 

On the slopes north of Shingle Creek diorite and granodiorite are Jitho logically 
di stinct, but south of the c reek the two rocks are separa ted by a hyb rid zone in 
which potash fe ldspar and quartz occur. Mino r pyroxene, la rge ly altered to 
blue-green amphibole, was observed in one specimen from thi s zone. 

Granodiorite 

The granodiorite is a leucocratic to mesocra tic, slightl y porphyritic, medium­
to coa rse-grained rock that forms the host rock for most of the Sh ingle C reek 
porphyry. Most outcrops weather to a coarse suga ry surface and may be white or 
buff, in contrast to the diorite. The gra nodiorite is intruded loca ll y by fine-grained 
gra nitic dykes. 

The gra nodio rite is typically a p lagioclase-ri ch (A n:!o to An 4 0 ) rock with a 
moderate q ua rtz and microcline content, and minor but va ri able amo unts of 
hornblende, biotite, and chlorite. M agnet ite, sphene, apatite, and zircon are 
accessory minerals. Many plagioclase c rystals are strongly zoned, the zones 
becoming more sodic in o ne or two major steps towards the crysta l rim . A 
background of delicate osci ll ations is present between each step. 

Variatio ns in the gra nodiorite resemble those in the dioritc, in so far as the 
granodorite is a lso more uniform no rth of Shingle Creek than it is to the south . On 
the lower slo pes south of the creek immediately eas t of the hybrid zone, the 
granodiorite co ntains prominent Jog-li ke ho rnblende crysta ls and is somewhat more 
mafic than the rock north of the creek. This va ri ation can be seen by compa ring 
analyses 3 and 4 , Table I X. 

Fi ne-Grained Granite 

South of Shingle Creek, both diorite and gra nodio rite have been intruded by 
fine-grained to slightly porphyritic pinkish gra niti c dykes. Fine- to medium­
gra ined granite occurs alo ng the south-central edge of the a rea mapped and also 
wi thin the hybrid zone. The crosscutting relations shown by the granitic dykes 

ind icate that these granitic rocks a rc the yo ungest phase of the plu tonic group at 
Shingle Creek. Similar fine-grained gra nite in fragments and cobbles in the lower 
exposures of the volcanic debris associated with the Shingle Creek porphyry suggests 
that the graniti c rocks are older than the Shingle C reek porphyry. 

The gra nitic rocks consist essenti ally of microcline, quartz, and plagioclase 
(An1 !J to An23 ) , with minor magnetite and muscovite. Zircon and apat ite were 
identifi ed in thin sectio n. 

5 
97878-2 



Shingle C reek Porphyry, British Columbia 

The Hybrid Zone 

This zone li es between the dioritc and gra nodiorite south of Shingle Creek . 

Granitic dykes and pa tches of granitic rock are co mmon within the zone; granitic 

dykes appea r to be m ore abundant in its vicinity . T he roc ks o f the hybrid zone va ry 

fro m qu artz diorite to granite, va ri ations in texture and mafic content being 

pa rti cul a rl y noticeable. lnclusions rich in bio tite a re present in o me outcrops, and 

irregul ar bio tite schlieren were observed in others. The wide va ri ati o n in compos i­

ti on suggests tha t all three phases , diorite, granodio rite, and fin e-grained granite, 

may have been involved in the form atio n of thi s zone . 

The Shingle Creek Porph yry 

Fro m known exposures , the Shingle C reek po rph yry intrusio n is 1.5 m iles 

wide at its broadest a nd some 4 miles Jong, with a subsidia ry dyke extending abo ut 

half a mile west of the m ain body. Further small bodi es of po rph yry may poss ibly 

exist in regions of rocks older than the po rph yry tha t a rc not covered by the present 

m ap. Extensions of the Shingle C reek po rph yry m ay occur benea th the M a rro n 

Form ation to the south , but no ev idence o f such has bee n found . 

T he porphyry is ro ughly crescent-shaped, concave to the so uth , and contract 

la terall y towa rds the weste rn tip . A ro ughl y semicircul a r group of porphyry hill s at 

the broad east end of the intrusio n, in conjuncti on with the mountain side to the 

southwest, defin es a p rominent depress ion (see Pl. l ) o f unknown o ri gin . Its south 

margin comprises, essenti a ll y, granodiorite in the wes t and po rph yry in the east, 

both overlain by tufI and agglomerate of the Springbrook F o rm atio n. The lower 

parts o f th e intrusion in the east a re thi ckl y covered with silt , which conceals mos t 

G S C 3-7-1957 

PLATE I. Eastward from the north slopes above Shingle Creek towards the neck. The view shows the prominen t 

semicircular group of hills (centre-right) with tuff and agglomerate forming the upper hillside on the 

right. 
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General Geology 

of the structu ral detail. To the west, the porphyry tapers, apparently splits into two 
main branches of dyke-like form, and penetrates the massive granodiorite along the 
west wa ll of Okanagan Valley. 

The porphyry in trudes diorite and granodiorite of the post-Triassic plutonic 
complex. It cuts parts of the tu ff and agglomerate deposits that border the neck and 
form part of the Springbrook Formation . This and the presence of fragments of 
large pink sa nidine phcnocrysts and embayed qu a rtz crysta ls in parts of the Spring­
brook Formation , fo r which the only possible known source is the ·porphyry or its 
parent magma, sugges t that the porphyry and the Springbrook Formation at Shingle 
Creek are essentialJy contemporaneous. H owever, if porphyritic rocks closely 
resembling the Shingle Creek porphyry but of different age are buried beneath the 
Marron Formation, the Shingle Creek porphyry may be younger than the Spring­
brook Formation. IE so, the Shingle Creek porphyry must have been emplaced 
between deposition of the Springbrook Formation and the extrusion of the Marron 
basic volcanic rocks as dykes simil ar to the latter cut the porphyry. As the White 
Lake Formation, which overlies the Marron Formation some 5 miles south of the 
porphyry, contains plant foss il s of probable Eocene age (H . S. Bostock, 1941 ), and 
the Springbrook Formation is considered P aleocene or Eocene, the Shingle Creek 
porphyry is also considered to be Paleocene or Eocene. 

The porphyry is granitic, and contains euhed ral sanidine phenocrysts up to 4 
inches long in variable abundance. Also present a rc white to orange albite (A n1 to 
A n8 ) or oligoclase (An, 0 to An 2 ;:;) phenocrysts up to half an inch long, grey 
rounded qu artz bipyramids some as much as three quarters of an inch long, and a 
few smaller biotite, chlorite, and magnetite crystals. These are set in a red, pink, 
buff, grey, or greenish aphanitic matrix . Accessory minerals include zircon and 
sphene. Calcite is commonly found in tiny lenses and veins, and flu orite was identi­
fied in a single specimen from the east end of the isolated body of porphyry south of 
southeast contact canyon. Chalcedony was tentatively identified in fine-grained 
haloes about some qu artz ph cnocrys ts. An average analysis of porph yry specimens 
and the norm ca lcu lated fro m it arc given in Table JX. 

The Springbrook Formarion 

Associated with the Shingle Creek intrusion a re tu fI and agglomerate bodie 
that border the east end of the neck and extend southwestward as a belt of outcrops 
around the plutonic rocks into which the Shingle C reek dykes were intruded. These 
deposits form part of the Springbrook Formation (H. S. Bostock, J 941 ), an 
extensive assembl age of mixed ed iments and volcanic rocks that lies here and there 
on the pre-Tertiary surface beneath the Marron vo lca nic rocks. 

The Springbrook Formation is considered to be ea rl y Tertiary, pe rh ap 
Paleocene, on the basis of plant fossils found in Olall a map-area west of Shingle 
Creek (H . S. Bostock, 1941). Little (J 961) included thi s formation and similar 
rocks to the eas t in the Paleocene or Eocene and reported that, although several 
plant collections have been made from these rocks, a definite age has not been 
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Sh ingl e C reek Porphyry, Briti sh Columbia 

es tab li shed. An imprint of a segmented stem resembling that of a horsetail, 
Equisitum, was found in a specimen of tuff from southeast contact canyon, but it 
was not diagnostic. 

The tuffaceous facies comprises the greater part of the Springbrook Forma­
tion at Shingle Creek. It is typically a sandy, grey-white, green, or buff rock 
consisting of fragments of quartz, plagioclase, and potash feldspar crystals set in a 
powdery to thoroughly coherent matrix. Some quartz fragments with embayed 
surfaces typical of quartz phenocrys ts from the Shingle Creek po rph yry were noted . 
Angular fragments of grey porphyry occur locall y, and a few rou nded pebbles or 
cobbles of plutonic rock may be found . Some specimens show shard-like structures. 
In thin section the matrix of non-bedded tuff is seen to be very finely crystalline. 
similar to the fin er grained matrices in the po rphyry itself. Some specimens show 
sma ll patches of matrix with slightly coa rse r gra in size surrounded by indistinc t 
finer grained borders in which birefringence appears low. Quartz or feldspar 
phenocrysts or fragments a rc commonly partly or comp'.etely included within such 
patches. In addition , di screte fragme nts of porph yry made evident by darker colour 
may be present. Other specimen show fresh continuous matrices. Quartz frag­
ments are chiefly angular and commonly delicately so . Sector-like fragments with 
one rounded edge, or complete ro unded crystals also occur. Feldspa r crystal s 
appear to have been less severely fractured than quartz. The grea ter part of the 
tuffaceous facies is unbedded, but up to 200 feet of bedded silty to sandy , 
grey-green tuff is present directly below the Marron flows south of the southeast 
contact canyon. Bedded tuff and pebbly lenses, in which the pebbles are chiefly of 
pluto nic rocks, occur locally south of the western dykes. 

The agglomerate facies of the Springbrook Formation is composed of va rying 
mi xtures of pebbles, cobbles, boulders, and angular blocks, chiefly of pluton ic 
lithology (see Pl. II ). This material is embedded in an olive-brown , green, 
o r grey sandy or fine-grained siliceous matri x that va ri es widely both in 
abundance and in coherence. Jn some exposures cobbles are so ab und ant that they 
touch one another; in others, they a re separated by va rious amounts of matrix . 
Agglomerate exposures rarely show beddi ng but loca ll y contain pebbl y or sil ty 
lenses. A lens of bedded sand and silt 9 feet thick occurs in the agglomera te 
remnant at the lower end of southeast contact canyon. 

ln the bluffs a t the southwes t margin of the tuff and agglomerate deposits 
(o utside the area mapped) pl as ticall y di storted fragments of plutonic rock were 
observed beside ro unded but so und cobbles. Fractures in the rock encircle the 
cobbles but pass through the di sto rted frag ments. 

Structura l Features 

The tuff and agglomera te of the Springbrook Formation overlap the older 
plutonic rocks south of Shingle Creek and are overlai n by the M a rron flows . ln part 
they apparently lie on an ea rlier phase of the Shingle Creek porph yry, but they a re 
also intruded by porphyry dykes. In general they dip away from prominent 
porphyry exposures, but in deta il their structural rel ati ons a re diverse. 
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General Geology 

PLATE II. Agglomerate fades of 
Spring brook Formation 
along southeast contact 
canyon. Cobbles and 
boulders are rounded 
and vary greatly in size. 

Within the map-area, agglomerate is most prominent in the lower exposures 
overlooking Okanagan Va lley, in the lower walls of southeast contact canyon, and 
along the unconfo rmity between the granodiorite and the Springbrook Formation. 
Tuff is most prominent in higher exposures, except that tuft' and pebbly agglomerate 
are predominant in the outlier low on the eastern margin of the porphyry. 
Immediately beneath the Marron fl ows, bedded tuft' on the upper slopes interfinger 
downward and eastwa rd with agglomerate. Graded bedding is well developed in the 
interfi ngered zone. Along the lower walls of sou theast contact canyon, small bodies 
of agglomerate lie on and against the Shingle Creek porphyry, and at one place 
a long the north wall an agglomerate body is engulfed in the porphyry. ear the 
head of the canyon, agglomerate along the north wall lies on a tuff surface that dips 
southward and eastward into the canyon at 40 to 50 degrees. At the upper rim 
along the south wall , small remnants of agglomerate lie on a tuff surface that dips 
northward into the canyon. West of the canyon, agglomerate appears in a poorly 
exposed belt probably less th an 100 feet thick that li es on the granodiorite at the 
base of a tuff section some hundreds of feet thick. 
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Tuff and agglomerate are well exposed on the west- and southwest-facing 
slope ea t of Shatford Creek. There bluffs several hundred feet high are composed 
of agglomerate with a prominent tuff bed that dips westward away from the 
porphyry at 25 degrees . Th is agglomerate is peculiar in that it contains distorted 
fragments of older rocks intermixed with granodiorite and some granite cobbles. 
Slightly farther to the southeast massive and bedded tuff are present, the latter 
dipping from 25 ° to 35 °SW. Loca ll y bedding is interrupted by irregular masses of 
agglomerate. 

Discussion 
The mode of origin o( the Springbrook Formation is of particular interest in 

con idering the conditions of emplacement of the Shingle Creek porphyry. It is, 
therefore , unfortunate that a complete detailed examination of this formation at 
Shingle Creek was not possible, and that the author was unable to visit the more 
distant exposures to the south and west. 

H. S. Bostock (1941) described the Springbrook Formation as follows: 
]t is composed of soils, allu vium , talus, stream a nd lake deposit and tuffaceous 

materials that accumu lated in the valleys before and during the ea rli er intrusions of the 
Marron volcani c rocks. Where the Springbrook Formation is thick, the basal beds are of 
co nglome rate con taini ng large angular boulders. These beds grade upward into conglom ­
erates composed of smaller, more rounded a nd better sorted materials. Uppermost strata 
include beds of polished pebbles, tuffaceous sandstones and silts. Jn the adjoining Olalla 
map-area these beds contain plants of earl y Tertiary, perhaps Paleocene age. 

However with regards to the Shingle Creek area he stated: 
Pink granite porphyry containing large well-formed pink crysta ls of orthoclase fe ld ­

spar in a fine-grained porphyritic groundmass, forms a number of dykes along Shingle 
C reek va lley. To the so uthea t a re outcrops of white or greenish rocks conta inin g simil ar, 
large orthoclase crystals but howing in places st ructures typical of flow rocks. A body of 
such rock is ex posed in cliffs lying between conglomerate beds of the Springbrook Forma­
tion. A few miles far ther west white tuffaceous materi al of similar appearance to the 
flows and contai nin g large fragments of fe ldspar is stratified with this formation. Fine 
white tuff that occurs in places in the upper part of th e Springbrook Formation is thought 
also to have its source in a volcanic centre located near the east e nd of the gran ite 
porphyry area. 

There is, therefore, some suggestion that tuffaceous materials are most extensively 
exposed at Shingle Creek and are present in the more remote areas, chiefly towards 
the tops of the more complete sections, as sandstones and ilts . 

The tuff at Shingle Creek is composed largely of minerals similar in 
composition to those of the Shingle Creek porphyry. Large mineral fragments 
correspond to the porphyry phenocrysts , and the matrix seen in thin section, though 
very fine grained, appears simil ar to that of the porphyry. The presence of 
vermicular embayments in some quartz fragments relates them unequivocally to 
acid porphyry rocks. Furthermore, angular fragments of porphyry similar (especial­
ly in content of unusually large potash feldspar cry tals) to the Shingle Creek 
porphyry may be found in the tuff. There is, therefore, little doubt that the tuff at 

hingle Creek was derived largely from an acid porphyry body, either the Shingle 
Creek porphyry itself or some very similar body not very far distant but now 
covered by the Marron volcanic rocks. Such a body would probably represent a 
southward continuation of the Shingle Creek porphyry or a distinct older body. 
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The delicatel y angul a r condition of many qu artz fragments, the fragmental to 
euhedral o r slightly rounded tex ture of other crystals, and , the common presence of 
sma!J porphyry fragments in a m atrix similar to th at of the porphyry strongly 
support the conclusion th at the rocks in which they occur are tuffs. To this may be 
added some argument from the limited structural data. The upper bedded tu ff 
directl y beneath the M arron fl ows in the a rea mapped strikes nea rly east-west and 
dips at 30° to 40 °S. Thence westward the Sp ringbrook Fo rm ation extends as a 
band of outcrops between the older plutonic rocks to the no rth and the M arron 
flo ws to the south as far as Shatfo rd Creek where it d ips 25 ° to 35 °SW and bends 
northward . Though ome fa ulting may have occurred in thi s area since the 
M esozoic, it is unlikely that the dips found at these two localities and implied in 
the rocks between them could have bee n reversed. Deri va ti on of the Springbrook 
Formation by normal p rocesses of e rosion and depos iti on from porphyry rocks to 
the so uth therefo re seems unlikely. 

Crosscutting relations show th at the Shingle C reek porph yry is, at least in part, 
younger than the tuff which , under a simple hypothes is of eros ion and depos ition, 
wou ld imply th at the porph yry reached the early Terti a ry surface and fo rmed an 
ex tensive exposure able to supply large qu anti ties of detritus during its active life. 
H owever, the absence of po rphyry talu s, as opposed to isolated frag ments, in the 
tu ff close to the intrusion argues against the ex istence of any extensive po rph yry 
pro monto ry during the acti ve li fe of the intrusion but would be consistent with a 
vent o ri gin of the tu ff. At the ame time the presence of a bedded sand-silt lens in 
the agglomerate and pebble lenses in which the pebbles are predomin antly of older 

plutonic rocks in the tuff, suggests that processes of sedimentation h ave al so 
contributed to the development of the Springbrook Fo rm ation at Shingle Creek. 

Though the o ri gin of the tu ff as volca nic ash m ay be considered establi shed, it 
is imposs ible to deny that a major part of the tu ff m ay have been deri ved from 
vents, associated either with southwa rd extensions of the Shingle Creek porph yry or 
with a distinct older po rphyry body, the sites of which lie concealed beneath the 
M a rro n Fo rmation. evertheJess, it should be pointed out that there is no pos itive 
evidence of porphyry bodies immediately south of those m apped, and that there is 
some evidence suggesting that the Shingle Creek porph yry did penetrate the early 
T erti ary surface (see section on D epth o f Burial). Further examination of structures 
within the Springbrook F orm ation m ay be necessa ry to unequivocally settle thi 
question . 

From ex isting ev idence and ass uming the source of the tuff to be in a vent 
associated with present exposures of the Shingle Creek porph yry, a hypothetical set 
of conditions governing the development of the tuff and agglomerate at Shingle 
C reek may be suggested . lt has been noted that the known bed in the Springbrook 
F ormation, where it is more remote from porphyry contacts, clip southward in the 
east and southwestwa rd in the west at angles approximating the m ax imum angle of 
repose in unconsolid ated mate rial s. Hence, because of the predominantly tuffaceous 
origin of the rocks conce rned, it is suggested that the Springbrook Formation at 
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Shingle Creek represents the remnants of an irregular volcanic cone. The general 
slope of the plutonic rock surface about Shingle Creek is southward and, if the same 
slope was present in the early Terti ary, it is likely that tuff deposits north of Shingle 
Creek were thinner and have been entirely eroded. The same feat ure would suggest 
that rock detritus from the mountains to the north and west of the Shingle Creek 
intrusion may have been transported southward during the early Tertiary. It 
therefore seems possib le that considera ble quantities of diorite and granodiorite 
boulders rounded by stream erosion could have been brought into the area above 
and immediately north of the Shingle Creek vent. Such boulders may have been 
conducted in part along gullies at the margins of the cone or, if volcanic disturbance 
is considered to have ca used slumping of northern sections of the cone into the 
vent, they may have been co ntribu ted directly into the mouth of the vent. 
Accumulation of boulders in the vent might result, during subsequent eruptions, in 
an intimate intermixture of effervescent lava, pebbles, cobbles, boulders, and blocks 
of plutonic rocks, and plasticized fragments of plutonic rock torn from the walls of 
the volcanic conduit at depth. At times such masses may have been erupted as 
glowing avalanches (Williams, J 941) . The abrasive character of such avalanches 
may account in part for the highly rounded surfaces of boulders in some parts of 
the agglomerate. At times pebbles, cobbles, and boulders may have been blown out 
of the vent with ash eruptions or simply spilled out of the vent into gullies following 
fiss ures in the sides of the cone. The inward dips at the basal su rfaces of the rather 
poorly con olid ated agglomera te rem nants along the southeast contact canyon 
suggest such an ori gi n. 

The Marron Forma[ion 

The bas ic flows and pyrocl astic rocks of the Marron F ormation overlie the 
Springbrook Formation at Shingle Creek, and extend as a blanket over the country 
to the south and west of the map-area (see Pl. Ill ). They have been described by 
H . S. Bostock (1941) as fo llows: 

T he volca nic rocks of the Marron Formation were extruded over bill s of pre­
T ertiary rocks and into valleys partly fi ll ed by the Springbrook Formation. They filled 
these va ll eys and accu mul ated to a thickness of over 4,000 feet and are believed to h ave 
covered all parts of the map-a rea. T he formation consists ma inl y of lava 11 ows J 0 to 
200 feet thick, but in pl aces there are large masses of agglomerate. In the north eastern 
part of the map-area the lower 11 ows are highl y fe ldspath ic. T o the no rthwest some 
fine-grained acid types were observed. Jn places, notabl y north west of White Lake, there 
are thin int erbeds of co nglomerate, sandstone and soil. 

Though no fossi ls have been reported in the Marron F orm ation, its age is 
fairly well known from plant fo sil s fou nd in the underl ying Springbrook Formation 
and in the overlying White L ake Formatio n, which is exposed some 5 miles so uth of 
the Shingle Creek porphyry. As the for mer is Paleocene or Eocene (Little, 1961) 
and the latter probably Eocene (H. S. Bostock, 1941), the Marron Formation at 
Shingle Creek is probably Paleocene or Eocene. 
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GSC 3- 2-1957 

PLATE Ill. Southward from the silt flats at the southeast edge of the porphyry. Agglomerate forms a prominent 
rounded nose in foreground. Directl y behind thi s, a dark ondesite knob overlies tra chyandesite. 
Marron flows higher in the section are visible in th e background. 

The Trachyandesite Flows 
At Shingle Creek the uppermost bedded rhyolitic tuffs of the Springbrook 

Formation are overlain in places by a pink and green mottled feldspathic tuff, which 
i in turn overlai n by extensive but perhaps discontinuous feldspathic flows. These 
flows contain phenocrysts of feldspar as much as 3 cm long that vary in abundance 
up to about 20 per cent of the rock. Augite phenocrysts up to 1 cm long, in variable 
but lesser amounts, are present and locally a distinctive deep orange-brown biotite 
is abundant. Grey-brown apatite euhedra and some magnetite may also be identified 
in hand specimens. The phenocrysts occur in a reddish grey to greenish brown , 
fine-grained matrix, which may be microlitic or equaot but i distinctly feldspathic. 
In many outcrop this rock can be recognized by its vesicular or amygdaloidal 
texture, some vesicles reaching everal centimetres in diameter. The chemical 
composition and norm of a single specimen are given in Table IX. 

The feldspar phenocrysts of the feldspa thic flows commonly show a pinkish 
alteration and in some specimens can be seen partly altered to analcite. Crystals 
seen in thin section showed no polysynthetic twinning. As suggested by a partial 
analysis for potassium using the X-ray fluorescence method, the orthoclase content 
is approxim ately 20 per cent, and the feldspar is considered to be anorthoclase. 
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Zeolites are common in amygdules and as linings on the waUs of vesicles. 
A nalcite, thomsonite, and heulandite have been identified. Calcite and epidote are 
common. 

The Andesite Flows 

Above the trachyandesite is a series of andesitic flows and agglomerate beds, 
probably more than 3,000 fee t thick, in the blu ffs overlooking Skaha L ake. These 
flows and beds vary in colour from black or dark blue-grey to greenish grey or 
olive-green. They differ in colour fro m the trachyandesite and generally contain 
smalJer phenocrys ts. Vesicles are not as common; biotite is rare. 

In thin section pl agioclase is seen to reach a calcic maximum about An50 and is 
commonly zoned to sodic andesine or calcic oligoclase. Plagioclase in the matrix is 
commonly microlitic. Augite phenocrysts are present in most specimens. 

Three specimens of andesite from the flows immediately southeast of the 
porphyry have been analyzed by the rapid methods. The results together with the 
calculated norm s are given in Table IX. 

Basic D ykes 

Aph ani tic to porphyritic buff, red-brown, dark olive, and blue-grey dykes cut 
the porphyry and the Springbrook Formation. Within the area mapped, these dykes 
do not stray far into the older plu tonic rocks. In the Marron Formation itself they 
are difficult to recognize but are most apparent cutting agglomerate beds. 

The darker dykes are similar in appearance to many of the Marron flows but 
the red and buff coloured dykes have no counterparts. For the most part the red 
and bu ff dykes are thoroughly weathered, but a fresh specimen, obtained from a 
buff dyke c:utting the west end of the north dyke, shows andesine (An40 -44 ) 

phenocrysts up to 1.5 mm long in an aphani tic Eeldspathic matri x. 
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Laborawry Methods 

Optical Procedures 

The minerals described herein were determined ch iefly by Becke line refract ive 
index methods. Variations in plagiocla e composition were estim ated from alph a 
refractive indices obta ined by the double va riation method (Emmons, 1943) 
wherever the state of altera tion of the crystals would permit. Individu al measure­
ments are believed to have an accuracy of ± 0.0005. On altered plagioclase crystals 
Becke line observa tions were made in white light to distinguish albite and 
oligoclase. Such measurements were used to complete the map of the porphyry but 
not in statistical comparison of plagioclase compositions. 

Optic angles of feldspar (2V alpha) from the Shingle Creek porphyry were 
determined in thin section using the five ax is universal stage. Optic angle 
measurements on plagioclasc were corrected to the nearest degree using the 
co rrection curves of Trager (1952), and individual measu rements are considered 
accurate to ± 2 degrees. Optic angles of sanidine were measured in special thin 
sections ground to approximately 0.1 mm thickness. This procedure increased the 
definition of zone patterns and extinction positi ons. For each sa nidine crystal the 
average optic angle was estimated from the broader more even areas between zone 
maxima and minima (see Pl. VI) in .fields at the core and rim of the crystal. 
Jndividu al measurements are reproducibl e to ± 2 degrees. o corrections were 
made, as both axes could be reached with rotations Jess than 25 degrees. 

X-Ray Procedures 

Powder diffraction records of the 201 peak were recorded for sanidine using a 
degree Lit and a scanning speed of t degree per minute. Single crystal b-axis 

oscillation photographs were taken of sanidine cleavage fragments with cleavages 
oriented parallel with the X-ray beam at the centre of a 15-degree oscillation arc. 
The desired cleavage fragments were broken from the uncovered oriented thin 
ections after immer ing the desired area in a drop of acetone to prevent the ejec­

tion and Joss of the fragment. 

Chem ical Analyses 

Analyses were made in the laboratories of the Geological Survey. The country 
rock analyses and fifteen of the sixteen analyses of rocks from the Shingle Creek 
porphyry were made by the rapid methods, the remaining one was made by the 
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classical wet chemical method. No greater accuracy can be assigned to the latter 
method , however, because of the sampling error to which it is subject. Approximate 
limits of error arising from the rapid method analyses of the specimens from the 
porphyry are believed to be: 

Si02 

Al20 3 

Fe20 3. 

FeO .. . 

Cao .. . 

MgO 

Na20 

KzO 
Ti02 

MnO .. 

P20 s 

(NOTE: Uncertainly values vary with concentratio n excep t for Si02 a nd Al20 3) 

± 0.5 

± 0.5 

± 0.1 

± 0.05 

± 0.2 

± 0.2 

± 0. I 

± 0 .1 

± 0 .05 

± 0.02 

± 0.02 

Because of the large size of sa nidine phenocrysts and the limited size of rock 
specimens (3 to 12 cubic inches), it was considered that analyses would be more 
comparable if all sanidine phenocrysts larger than the quartz and plagioclase 
phenocrysts were excluded. The specimens were, therefore, crushed and the large 
sanidine crystals excluded manually. The shortcom ings of this procedure were not 
at first fully appreciated; however, an attempt has been made to allow for these in 
the conclusions drawn . 

Samples from four of the least altered sanidine crystals from the oligoclase 
phase in the dykes were analyzed fo r Ba , Sr, Rb, and Ca. Na and K were also 
determined in one crystal. Biotite and chlorite inclusions in each sample were 
removed prior to analysis by passing the powdered specimens through a Franz 
isodynamic separator. 

Modal Analyses 

Modal analyses to determine the proportions of the smaller phenocrysts and 
matrix in specimens from the Shingle Creek porphyry were made on slabs cut in 
such a way that the two sides yielded a combined fiat surface of about 40 sq cm. 
These surfaces were etched with hydrofluoric acid and sta ined with sodium 
cobaltinitrate to sharpen the contrast between feldspar phenocrysts and mat ri x. A 
quarter centimetre grid was laid out on each surface and counts made of the mat ri x 
and main phenocrysts . The latter were divided into four groups: quartz, plagioclase, 
mafic minerals, and sanidine (maximum intercept counted less than 1 cm). 
Intercepts on plagioclase crystals seen were all less th an 1 cm, but several quartz 
crystals showed maximum intercepts of this order. Specimens were cut so that 
sanidine crystals more than 1 cm across would be few and those that were 
encountered were omitted from the counts. A minimum of 700 points were counted 
for each specimen. 
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Perrogra phy 

Definition and Structural Relations of Rock Variations 

The megascopic petrography of the Shingle Creek porphyry is broadly uniform 
except that the rock colour and the abundance of large sanidine phenocrys ts va ry. 
Neither of th ese features proved to be a successful basis for field mapping, but their 
general di stribution is described in this section. Variations in size of quartz and 
pl agiocl ase phenocrysts are generally small compared with those of sanidine. 
H owever, a small area of porphyry in which all phenocrys ts are unusually small is 
present on the southwest face of the small hill north of the depression in the neck. 
More detailed data on plagioclase phenocrysts sugges t that the porphyry may be 
divided fundamentally into an ea rli er albite-bearing phase and a later oligocl ase­
bearing phase. These are not generally recognizable in the field but can be 
differenti ated in the laboratory. The similarity of the two phases in the field has 
made mapping somewhat interpretati ve, parti cularly at the west end of the north 
dyke where the phases are interspersed. The disposition of the two phases is shown 
on the main map. 

Albite and Oligoclase Porphyr y 

The contacts between the albite and oligoclase phases of the porphyry were 
n ot identi fied in the field, except where they appeared to coincide with changes in 
the abundance of la rge sanidine crystals. Jointing or alteration of the rock in the 
immediate vicinity of such intern al contacts does not seem to have occurred and the 
present topography shows no apparent relation to them. These phenomena suggest 
that the two phases were very closely associated in time. H owever, two fea tures 
suggest that the albite phase slightly preceded the oligoclase phase: 

(l) The albite phenocrysts a re in general more altered than the oligoclase 
phenocrysts, and altered albite cores were identi fied in one specimen from the 
oligocl ase phase in the neck a rea. 

(2) The disposition of the oligoclase and albite phases with respect to one 
another and the presence of granodiorite inclusions onl y in the albite-bearing rocks 
at the east end of the north dyke are consistent with this hypothesis. At this locality 
the albite phase occurs along the edges of the dyke, and it is hard to conceive how 
the albite phase co uld have plucked large granodiorite inclusions from the walls 
without appa rently penetra ting the oligoclase phase if the latter were the ea rli er. 

The oligoclase phase is preponderant in the dykes and is mos t extensively 
exposed at their eastern end . In the north dyke it occupies the conduit set up by the 
albite phase, bodies of which persist as remn ants along the walls, as truncated 
offshoots, or as inclusions in the oligoclase phase. To the east, the oligoclase phase 
intrudes the ai bi te-bearing neck as a dyke-li ke body that curls sharply to the south 
and west, and eventually terminates aga inst agglomerate and albite porphyry on the 
northeast wall of the upper southeast contact canyon. A bout 3,000 feet farther to 
the southwest, oligoclase porphyry is exposed with in the tu ffaceo us member of the 
volcanic cone. There, oligoclase porphyry outcrops fo rm part of a poorl y exposed 
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belt th at stretches along the hillside to the west and may represent an oligoclase 
porphyry flow. However, no structures to confirm this hypothes is could be fo und . 
Fluorite was identifi ed in a specimen from the east end of this belt . 

Distribution of Large Sanidine Phenocrys ts 

The distributi on of la rge sa nidine phenocrysts within the intrusion i not 
unifo rm and their concentra tion ranges from below 1 per cent to a maximum of 
between 15 and 20 per cent. The latter estim ate is based on a point cou nt made 
from a photograph of an ice-polished urface con idered to contain one of the 
greatest concentrations of these crystals. 

Large sanidine crystals a re mos t pl entiful in the albite ph ase along the margins 
of the north dyke in its east and central regions. There the concentration 
approaches 15 to 20 per cent. The albite phase in this part of the north dyke is in 
marked contrast with the oligoclase phase in which more than two or three large 
crysta ls are rarely seen in one outcrop. At the west end of the north dyke the 
abund ance of large crystals is intermedi ate and the di stinction between the two 
phases cou ld not be made on this bas is. Large sa nidine phenocrysts are abund ant in 
the oligoclase dykes south of Shingle Creek, in parts of the oligoclase neck, and in 
the albite phase in the weste rn and so uth-central parts of the neck, but they appear 
to be relati vely scarce in the greater part of the albite-beari ng neck, including the 
bluffs above Penticton. Very few large sa nidine crystals were found in the southeast 
corner of the intrusion except in the lowest and most eastern outcrops where the 
abundance may be intermed iate. 

Disti·ibution of .Matrix Colours 

R ocks of the albite phase are mostly red to pink but a green variation ex ists 
along parts of southeast contact canyon . Only rarely are grey matrices fou nd in the 
albite phase. South of Shingle Creek, rocks of the oligoclase phase are chiefly grey, 
but in the north dyke they are red to pink, and in the neck they vary from grey 
through pink to red. 

Statistical Comparisons of Rock V a riations 
An attempt is made here to compare the albite and o ligoclase phases on the 

basis of chemical composition and of differences in abundance of phenocrysts. The 
data are also broken down to compare the envi ronment of the neck with that of the 
dyke . For each parameter the mea n value for each group has been calculated and 
the res ults compared using Student 's "t" test (Moroney, 1956). 

The chemical results tend to confirm the similarity of the a lbite and oligoclase 
phases with respect to most of the oxides reported, but suggest statistically that the 
oligoclase-bearing magma contained slightly more lime than the albite-bearing 
magma . Modal analyses fo r thirteen specimens suggest that the p roportion by 
volume of phenocrysts in the alb ite and oligoclase phases is similar, but indicate a 
higher proportion of phenocrysts in the dykes than in the neck. Since large sanidine 
phenocrysts were excluded from these analyses , differences in moda l analyses may 
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result largely from the greater abund ance of large sa nidine phenocrysts in the 
dykes than in the neck. 

The data suggest that the volumetric proportion of sa nidine phenocrysts to 
other phenocrysts is greatest where field observations indicate that large sanidine 
phenocrysts are most abund ant. The volumetric proportion of quartz to pJagioclase 
pbenocrysts, however, remains roughly constant in eleven of thirteen specimens 
examined. 

C liemical Co m Position 
Analyses of sixteen pecimens from the Shingle Creek porphyry are presented 

in Table I. The sample locations are shown on Figure 1. 
In order to estim ate the effect of excluding the large sanidine crys tals on the 

proportions of the remaining oxides, the effect of subtracting 20 per cent by weight 
of ideal sanidine, Or7 5 -Ab25 , has been calculated for specimen 11. This specimen is 
from an outcrop with very few large sanidine crystals and none was removed from 
the specimen before analysis. The data represent the maximum effects to be 
expected . 

An approximate comparison between analyses of rocks containing abundant 
large sanidine phenocrysts with those containing very few was attempted by adding 
the equivalent of 10 per cent of sanidine (Or65 -Ab:rn ) to each analysis of the 
former group, except number 15 from which no large crystals were removed, and 
recalculating to 100 per cent. Ten per cent of large sa nidine crystals was co nsidered 
the best estimate here possible for the samples concerned. None of the major 
oxides, however, showed differences significant at the 5 per cent level. 

The analyses have been grouped to compare the major oxides of analyses of 
the neck with those from the dykes, and also of the albite phase and of the 
oligoclase phase. In each case sufficient lime has been subtracted from the analyses 
to combine with the C02 to form calcite. The data are presented in Tables X and 
XI to show the means and stand ard deviations for each group together with an 
estimate of the stati stical significance of the difference in the means. 

Comparison of the neck and dyke specimens fails to reveal any significant 
di fference in composition between these two parts of the porphyry. Comparison of 
the albite and oligoclase phases, however, indicates that the lime content of the 
latter may average 0.5 per cent higher than th at of the former. Calculation indicates 
that this difference approaches the 2 per cent probability level. 

From Table XI it will be noted th at the means for all the basic oxides are 
slightly higher in the oligoclase ph ase than in the albite phase, though the 
significance for all but that of calcium was well below the 5 per cent level. As more 
sanidine may have been removed from the oligoclase phase than from the albite 
phase these differences should be disrega rded. However, as the percentage error 
introduced by sanidine exclusion is the same for each of the basic oxides, the very 
distinctly higher value for that of calcium in the oligoclase phase is consi dered 
significant. The data therefore suggest that the formation of oligoclase rather than 
of albite in the oligoclase phase resulted from there being a slightly higher lim e 
content. 
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Shi ngle C reek Po rphyry, Bri t ish Colum bia 

Table II 

The Effect of Removing 20 per cent by Weight of Sanidine from Analysis 11 

20 gm. Recalcula ted Variation 
Sanidine 

Si02 70 .8 - 13. 1 72. 1 + 1.3 
Alz03 14 .9 -3 . 7 14.0 - 0. 9 
Fe20 3 .. 0 .9 I . I + 0.2 
FeO .. 0 .6 1 0 .76 + 0.15 
Cao .. I .6 2.0 + o.4 
MgO 0 .6 0. 8 + 0.2 
Na20 . ...... ... 3 .8 - 0.6 4 .0 + 0.2 
K10 . 4.4 - 2. 6 2.3 - 2.1 
Rema inder ... .... I .6 2.0 +o.4 

Tota l. ... 99.2 99. I 

Modal Analyses 

The results of point counts for thirteen hand specimens representing the neck 
and dykes and the albite and oligoclase ph ases are given in Table III. The locations 
of the outcrops from which the specimens were taken are shown in Figure 2. 

Qua rtz . 
Small sa nidi ne . 
Pl agioclase .. 
Mafic minerals .. 
Matrix .. 

Table III 

Volumetric ll-1 odal Analyses of Phenocrysts1 

Albite Phase Oligoclase Phase 

Neck I D ykes Neck Dykes 

a b l c d f e f g h 1 J k l l m 
----,--,---1-----,--1--------------

7 8 8 .4 5 .9 12.0 11 .0 7.0 7 .6 13 .6 9 .8 11 .6 9 .4 11. 5 5 .7 
2.3 4 .5 2.5 1. 9 2.8 8.6 0.9 4. 1 2.5 3.3 2.3 9.0 5.6 

20. 9 23. I 17 . l 30 . 6

1

30. 0 22 . 7 24. 5 24. 2 27. 9 30. 9 25. 2 20. 8 18 .4 
2.0 I 0.9

1

1. 8 2 .9 2.1 3.3 2.5 j .2 1.5 2 .4 2.2 2.8 2 .3 
67. 0 63 .1 72 .7 152.6 54 . 1 58 .4 64 .5 56 .9 58.3 51.8 60. 9 55.9 68 .0 

'La rge sa nidinc phenocrysts (max imum intercept greate r than I cm) not included in th ese cou nt s. 
Such crystal s were es timated to be essenti a ll y a bsent for spec imens band 111 ; or lo w to interm ed iate abund­
a nce in specimens a, c, d, f, g, h, and i; and of great a bundance (max imum app rox imate ly 20 per cent by 
volume) in spec imens e, j , and k. 

Jn considering total changes in proportion of phenocrysts and matrix in the 
intrusion, the effect of ignoring the la rge sanidine crystals will be particularly 
marked. Table IV shows the data for specimen e recalculated to include 20 per cent 
of large sanid ine crystals and represents the maximum effects to be expected. The 
table suggests that crystalli zation of large sani dine crystals at the expense of the 
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Shingle Creek Porphyry, British Columbia 

matrix would sign ificant ly a lter the proportions of matr ix to small phenocrysts . 
However, distinct d ifferences in the proportions of matrix to phenocrysts exclusive 
of la rge sanidine crystals would probably represent d ifferences in the total amount 
of phenocrysts formed prior to the crysta lli zat ion of the matrix. 

Table IV 

Specirnen e Recalculated to Include 20 per cent by Volume 
of Large Sanidine Phenocrysts 

e 
measured 

difference e 
ca lculated 

Quartz . 
Sanidine .. 
Plagioclase . 
Mafic minerals .. 
Matrix 
Large sanid ine phenocrys ts . 

11 .0 
2.8 

30.0 
2.1 

54. l 

2.2 
0 .6 
6.0 
0.4 

10.8 

8 .8 
2 .2 

24.0 
I . 7 

43.3 
20.0 

Jn Table V porphyry with ab undant large sanidine phenocrysts (column I) is 
compared with that containing ve ry few (colu mn 2) . T he data show that the 
proportion of sanidine with respect to other phenocrysts is considerably greater 
where large sanidine crysta ls arc abundant. T he table further suggests that increased 
growth of quartz and plagioclase has accompanied growth of the large sanidine 
crystals. The growth of quartz and plagioclase, however, is cons iderab ly less than 
proportionate to that of the large sanidine crystals. 
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Table V 

A Com parison of Mo dal Analyses of Porphyry with 
A bundant and Rare f ,arf.[e Sanidine Phenocrysts 

~--

Abundant Large 
La rge Sanidine 

San idine Crystals 
Crysta ls Absent 

( I) (2) 

Large sa n id ine.. .. .. 15.0 0.0 
Small sa nidi ne ....... ... .. .. ...... .. 2 .4 5. I 
Quartz ... 9. 1 7 . 1 
P lagioclase . 24.3 20.7 
Mafic minera ls .. I .9 1 . 6 
Matrix .. 47.3 65.5 

Total. . 100.0 100 .0 

Co lumn ( I ) represent s an average of modal ana lyses e, j , and k reca lcu lated to 
include I 5 per cen t o f large san idi nc phenocrysts (the best es timate of ave rage 
large sanidine content for these spec imens). Colum n (2) represents the average 
of specimens b and 111 in w hich large sa ni d ine phenocrysts were v irtual ly absent. 



The Shi ngle C reek Porphyry 

In Figure 3 the modal ana lyses of Tab le TH arc plotted in order of increasing 
per cent of plagioclase as abscissae and per cent of other phenocrysts as ordinates. 
The figure shows that q uartz phenocrysts tend to increase in per cent by vo lum e in 
a manner paralle l with plagioclase tho ugh two specimens (h and l) with hi gh qu a rtz 
contents depart from the trend . 

Data fro m rocks of the two phases and two structura l divisions (see Table l l l) 
we re exami ned for signifi cant di fferences. The means and standard dev iations 
together with an estimate of the signifi ca nce of differences in the means are given in 
Tables XU and XU I . The data for spec imen m have been excluded because the 
matrix per cent is distinctly higher than in any of the other specimens from the 
dykes. This fea ture and its poin t of derivation at the east end of the north dyke (i.e., 
adjacent to the neck) suggest that specimen m may represent a transgress ion of 
the neck environment into the east end of the north dyke. Jts omiss ion from the 
ca lculations seems justified o n thi s basis. 

Comparison of the a lbite and ol igoclase phases shows no signi ficant differ­
ence, but comparison of the neck and dyke speci men s (excluding specimen m) 
sugges ts (at the 5 per cent level) that mafic mineral coun ts are higher and matrix 
counts lowe r in the dykes tha n in the neck. The proportion of large crystals 
excluded in the moda l ana lyses is considered to be sim ilar for specimens from the 
oligoclase a nd alb ite phases but somewhat greater for specimens from the dykes 
than from the neck. The va lidi ty of the conclusion that matrix per cents are lower in 
the dykes than in the neck is the refore enhanced, whereas the suggestion that the 
mafic phenocrysts may be more ab unda nt in the dykes is depreciated (compare 
Tables III and V). 

Mineralogy 

The minerals determined from the Shingle Creek porphyry are given in the 
section General Geology; es tim ations of variation in ab undance of the major 
minerals a re presented under Petrography. ln this sec tion some of the opti cal, 
textu ral, and chem ica l feat ures of the large phenocrysts a re described. These 
features a re used as a basis for comparing the neck with the dykes, and the a lbite 
phase with the oligoclase phase. 

San idine 

Mef!ascopic Features 

Large sanidine phenocrysts a re typically eu hedral and vary in size up to about 
4 inches. Simple crystals, elongated parallel with the a-axis , and showing faces 
(00 I), (0 I 0), ( I I 0), and a second order prism prominently developed a rc most 
abundant (see Pl. lV , left). Carlsbad twins are common and generall y show greatest 
elongatio n parallel with c (see Pl. IV, right) . However, a few twins may be found in 
which two forms typical of the simple crystals (elongate parallel a) are related by 
the Carlsbad law. Twins of intermedi ate form are also present (see Pl. IV, centre) . 

Some single crystals, in hand speci men, show a rim up to a few millimetres 
thick of more alte red appea rance than the main part of the crystal. These nms 

25 



N
 °' 

4
-

M
af

ic
 M

in
e

ra
ls

 
-

2
- -

.---
--·

--·
---

---
---

./
·~
 

/
·--·-

----
--.--

---·-
----

-·---
-. 

~
-
-

· 
0 1
0

 

5
-

S
a

n
id

in
e

 
/

.\
/

""
"
' 

• 
~

· 
/ 

""'·
 

·~ 
. 

---.
 

/
" 

. 
""'·~

·-
~ 

o 
I 

. 
u 

1
5

 
.... 

Q
u

a
rt

z 
C

l) 
o.

_ E
 10

-
:::

J 0 >
 I 

3
0

-

. 
. 

5 
• 

-
·
-
-
-
-
-
-
-
-
-
·
-
-
-
.
-
-
-
-
-
-
-
-
-
·
 

.~
· 

·
-
-
-
-
-
-
-
-
-
·
-
-
-
-
-
·
-
·
 

2
0

- -

~
·
-

· 
~
 

-
-

· 

. 
~

·-·-
----

--· 
.--

---
--.
/
·
 

P
la

g
io

cl
a

se
 

·---
---·
~
 

. 
c 

I 
I 

I 
I 

I 
I 

l 
I 

m
 

I 
a 

f 
b 

h 
g 

k 
i 

e 
d 

S
p

e
ci

m
e

n
s 

lis
te

d
 i

n 
o

rd
e

r 
o

f 
in

cr
e

a
si

n
g

 c
o

n
te

n
t 

o
f 

pl
ag

io
cl

as
e 

p
h

e
n

o
cr

ys
ts

 

I 

F
IG

U
R

E
 

3.
 

G
ra

p
h

s
 

sh
o

w
in

g
 

th
e 

va
ri

at
io

n
s 

in
 

vo
lu

m
e 

p
e

r 
ce

n
t 

o
f 

q
u

a
rt

z,
 

sm
al

l 
sa

n
id

in
e,

 
a

n
d

 
m

o
fl

c 
p

h
en

o
cr

ys
ts

 
w

ith
 

in
cr

ea
si

n
g

 
vo

lu
m

e 
p

e
r 

ce
n

t 
o

f 
p

la
g

io
c
lo

s
e

 p
h

e
n

o
cr

ys
ts

. 

G
SC

 



The Sh·in gle C reek Porphyry 

HHB 1960 

PLATE IV. Simple and twin ned sanidine crystals. (1) left- a simple sa nidine crystal with habit typical af sanidine 
in the Sh in g le Creek porphyry; (2) centre - a Carlsbad twin with components showing siight tendency 
towards preferential growth parallel lo the c-oxis (rare al Shingle Creek); (3) right o Corlsbod twin 
with marked preferential growth parallel to the oxis ond typ ical of Carlsbad twinning in sonidine 
at Shingle Creek. 

genera lly contain an abu nd ance of small crysta ls oriented para llel with the su rface 
of the host crystal. Broken crysta ls commonl y show one or more surfaces concentric 
with the outer surface marked by a fracture or slight change in alteration. 

Sanidi ne crysta ls at Shingle C reek va ry regionally in degree of alteratio n. 
U naltered crystals, commo n in the dykes, are genera ll y ncsh coloured to tran slucent 
grey, whereas the more altered crysta ls, common in the neck, are vario us shades of 
pink or white. The most intense ly altered crysta ls are fou nd in the albite phase 
along southeast contact canyon and the least altered crysta ls in the ol igoclasc phase 
in the central region of the dykes alo ng Shingle Creek. 

Microscopic Features 

The sanidine crysta ls in thin section are euhedra l but may show rounded 
corners. Internal fractures concentri c with the outer surface, also seen in hand 
specimen, are evident in thin sectio n (see Pl. V A). Such fractures common ly show 
slightly ro unded corners and a re thought to represent periods during wh ich growth 
of the crystal was interrupted by slight resorption. Small plagioclase phenocrysts arc 
the principal inclusions in the la rge san idine crystals. Such inclusions become more 
numerous toward the margins of the host crysta l a nd arc ab undant in tbc altered 
rims present on some sanidine pbenocrysts. Plagioclase inclusions do not appear to 
expand toward the margins of the sanidine hosts. Biotite or chlorite inclusion s arc 
present sparingly in most la rge sanidine crysta ls but do not appear to be 
concentrated toward the margins. Quartz inclusions in sanidine are Jess common. 
Overgrowths of sanidine on plagioclase were observed in severa l specimens from 
the dykes but this texture is not common (see Pl. V B) . Small sanidinc crysta ls (i.e., 
those less than 1 cm lo ng) exam ined in standard thin section show textures similar 

to those of the large crystals . 
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RHB 1960 
PLATE V A. Photomicrograph (xlO) s'1owing a small sanidine phenocryst wi th an internal fracture (bottom left) 

interpreted as a surface of corrosion. Quartz, plagioc lose, sanidine , and biotite crystals ore 
included . 

HHB 1960 
PLATE V B. Photomicrog raph (xlO) s1owing a l:adly altered plagioclase phenocryst with a partial overgrowth 

of sanidine. 



The Shi ngle C reek Porphyry 

Zoning 

Examination of thin secti ons cut pe rpendi c ul a r to the optic <lx is, X, of the large 
sa nidinc crystals suggests that, in a ll, some oscill ato ry zo ning is p resent. Zones 
commonl y occur in pairs (see Pl. Vl) with m<lx imum thickness reach ing about one 
third millimetre. The inner membe r of each pair hows a re lative ly higher optic 
angle tha t decreases gradationally to a minimum at the outer edge of the outer 
member. The definition o f the zones is comm onl y better towa rd the o uter margin 
of the crystals where di sti nct zones of high op tic angle a rc visible in so me c rys tals. 

PLATE VI. Photomicrograph (x30) showing zonin g in a thin section af a la rge sanidine phenocryst cu t 
perpendicular to the X-axis a nd about 0.1 mm thick. 

Thicknesses of zones were measu red in seven of the less fractured and altered 
thin secti o ns with di a meters close to 3 cm. In each se::: t ion a p :::ncil ma rk was nrndc 
at 5 mm and another at I 0 mm from the centre of the sc:::t ion a long the maximum 
diameter and thicknesses of two to four distinct zone pairs averaged in the 
immediate vicinity of the marks. The measurements suggest average zo ne thi ck ness 
is 0 .22 mm (standard deviation 0.034 mm) at the inner levels and 0. 17 mm 
(standard dev iation 0.053 mm) at the outer levels. If the rate of growt h (tol<il 
volume per unit of time) were constant for these crysta ls, the thickness or zo nes 
might be expected to decrease approximately as the square of the zone distance 
from the centre of the crystal, provided each zo ne represents the same le ngth of 
time. Though the measurements arc only approximate, both because the position o[ 
the section taken va ried along the a-axis and because the definition of the inner 
zones is commonly not so clear as the outer, it is neve rtheless apparent that zoning 
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Shingle C reek Porphyry, Briti sh Co lumbia 

at the outer level is not four times thinner than that at the inne r level. It is therefo re 
considered tha t, between these two levels, either the time interval represented by 
zone pairs increased as the c rysta l grew or the rate of add itio n of materi al to the 
crystal surfaces increased as crystall ization progressed . 

Thin sect ions cut pe rpendicul ar to "X" show th at all zones reach exti nction 
together, their presence be ing shown by differences in part ia l birefri ngence onl y. 
This is to be expected if san idinc is opti call y monoclinic and "X" lies in the sym­
metry plane. A section cut perpendicular to "Z" shows that the optic indicatrix for 
different zones is rotated slightly (app roximate ly l degree) about the symmet ry 
axis. 

In testing for a poss ible re lationship between zoning and unmixing a zoned 
fragment from a thin section was heated to 800°C for 20 minutes ; zones were 
found to be un altered. This suggests that more is involved than the distribution o[ 
alkali metal ca ti ons alone, as such treatment sho uld be more than sufficie nt to 
homogenize unmixed specimens of high a lbite-sanidinc cryptoperthitc (see Bowen 
and Tuttle, 1950). 

As the st rength of the bonds of A l and Si to 0 arc much greater than those o( 
a and K the stabi lity of zones might be connected with Al-Si substitution . The 

structure of sa nidinc (Taylor, l 933) conta in s sixteen Si-Al positio ns per unit cell , 
and charge bala nce in Na-K feld spa r requires that the ra tio of Si to Al be 3 to J . 
H owever, the positi ons occupied by the fo ur A l and twelve Si atoms in each unit 
cell are not fixed by this consideration. T he four Al atoms might be ar ra nged in an 
identical orderl y fash ion o r some degree of disorder might obtai n in each uni t cell. 
Such lim ited substitution of Al for Si as bric ll y desc ribed is k nown as Al-Si 
ordering. The high stabi li ty of: zoning might resul t from a va ri atio n in the degree of 
ordering of Al-Si in different zones. 

H ewlett ( 1959) has di scussed the theo retica l effects of o rdering of: Al-Si o n the 
optica l pro perti es of alkali feldspar and suggests that b- (gamma minus a lph a) 
might be used as an index to the degree of' Al-S i order obtai ned. H e po inted out 
that , whereas ga mma and beta vary with A l-Si ordering, unmi xing, and composi­
tion , a lph a varies chiefly with composition. The ubtraction of alpha from gamma 
would thus yield a pa ra meter dependent chie fl y o n o rdering and unmixing. 

To test the poss ib ility th at the stability of zoning in the sa nidine c rystals results 
fro m variations in Al-Si ordering between different zones, gra in s showi ng a 
maximum difference in partial birefringence we re obta ined from a crystal showing a 
minimum of unmi xing as suggested by single crysta l osci llati o n and powder 
diffractio n. Alpha and ga mm a were dete rmined for each gra in and the results of the 
measurements are shown in Table VI. 

Possible error in th e total birefringence m easurements is cons idered to be 
± 0.0006 . T he measurements suggest th at the zone of high parti al birefringence 
may have a slightly lower orthocl ase content th an its counterpa rt, but the accuracy 
of the tota l birefringence measuremen ts is not suflici ent to establi sh a significant 
difference in Al-Si ordering. However, the tot a l birefrin gence is significantl y higher 
in both grains than in many of Hewlett's specimens. 
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The Shingle C reek Porphyry 

Table VI 

V ar iation in T otal Bire frin gence between Z ones 
(specim en 204 ) 

----·--------------'- ga mma 

alpha gamma minus 
alpha 

I 
Zone of high partia l birefri ngence (gamma-beta). 

Z one of low par t ia l birefringence (gamma-beta) 

0 .0055 I . 5273 I . 5218 

I. 5268 I . 5209 0 .0059 

Optic A ng!e Variation 

Estim ates of the ave rage o pti c angle at the core and rim of some forty- th ree 
la rge sanidinc phenocrysts are given in Table X IV . The locations from which the 
specimens were taken a rc shown in F igure I 3. 

A compar ison of the data fro m the co res and rims of the c rysta ls is made in 
F igure 4 , which shows the freq uency di stri bution of differences . The fig ure 
suggests that no significa nt consistent di fference in the optic a ngle be tween 
cores and rims of the crys ta ls is p rese nt. T here m ay , however, be a sl ight 
tendency towa rd h ighe r optic angles at the crystal co res. Comparison of th e size 
differences between rims a nd co res suggests the poss ib il ity that the c rysta ls from the 
a lbite phase may show greate r va ria ti ons than those o[ the o ligoclase phase in this 

res pect. 

~ 12~ 

L 
E 

~ o~ ~ 
8 6 4 2 

Core Greater 
2V a. 

4 6 8 
Rim Greater 

GSC 

FIGURE 4 . Histogram showing the frequency d is­
t rib ution o f d i fferences between the 
op ti c a ng le estim c te d for th e co res and 
ri ms of the large san idine phenocrysts. 

For further com parisons within the intru sio n, co re and rim val ues were 
combined to ob ta in an average estim ate fo r each crysta l. The dyke and neck 
di visions of the porphyry were considered on the bas is of va ri a ti ons in average opt ic 
angle in sanid ine p hcnoc rysts. U nfo rtun atel y o nl y one c rystal from the easte rn ha lf 
of the neck p roved suffic ientl y una lte red to yield a reliable measure ment. Optic 
angles of crystals fro m the weste rn borde r of the neck arc comparable to those of 
crystals in the dykes, whereas c rys ta ls from the cent ra l west half of the neck have 
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low to inte rmediate optic angles and the single crystal from the east ha lf has a very 
low optic angle. lnsuITTcient spec imens prevent making a re li able stati sti ca l 
compari son of the neck and dyke divi sio ns but it does appea r as if the lowest opt ic 
angles a re found in the neck divi sion (see T able X l V) . A stat istical compariso n of 
optic angles in sanidine phenocrysts from the albite and oligoclase ph ases suggests 
that varia ti ons in the two ph ases a re similar. 

Since the single crystal measurements suggested a correlation between unmi x­
ing and the average optic angle estimated for the la rge sanidine crystals (see T able 
V il), it was tho ught tha t the ch illing effect of the wa ll -rocks mi ght have been 
suffic ient to reta rd unmi xing and thus lower the optic angle in c rys tals c loser to the 
contacts . Similarly, an o li gocl ase phase dyke penetrating a body of recently injected 
a lbite phase magma might have been sufficient to extend the period of unmixing 
a nd thu s increase the optic angles of sanidine phenocrysts in the albite-bearing 
wa ll -rock s. To test these hypotheses a se ri es of twe lve crysta ls taken along a gully 
that c rosses the north dyke just west of its broadest section was exa mined and the 
est imated ave rage optic angles p:otted (see Fig. 5) acco rding to the ir position in the 
dyke. The figure suggests th at the dyke may be divided into two parts: the southern 
two thirds , which is ch a racterized by opt ic angles between 35 and 40 degrees and 
conta ins re lativel y small granod io rite inclu sions in its south half o nly; and the 
northern o ne third , which shows va ri atio ns in optic angles from 25 to 43 degrees 
a nd conta ins la rge g ranodiorite inclusions th ro ughout. lt is apparent th at the 
crysta ls take n within a few feet of the north borde r of the dyke (the south borde r is 
not exposed) have c lose to ave rage opt ic angles rathe r than unusually low ones , and 
that specimen 011 with the lowest optic angle was take n from albite porphyry 
wi thin a few feet of the o ligoclase-bea ring core of the dyke . The data thus show that 
neither the proximity of the dyke wa ll s no r the intrusion of the ol igoclase-bearing 
core into the albite-beari ng rocks has been the dominating factor in control ling the 
size of 2V (alpha) at thi s leve l of exposure. T he va ri ability of the inclu sion-choked 
northern third of the dyke may result from a se lect ion of different channels by 
sli ghtl y di fferent phases of the magma . 

North border 
of dyke 

"' 1 
.. j'""'h '"''''"''''' not exposed 

50..., I 
1
1nclusion Fr.c 0 Z011e Principa ll y I 

<:5 Princ ipally Alb1 te Porphyry I 
~ 

40
-1 Ol1goclase Porph.yry ;·~ I 

·-._,..-----·"·---------·"/\ i Pri ncipal ly I j 
30- Al b1te I I 

Porphyry I ,~~: 
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I 
o 25 50 I • 
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FIGURE 5. Graph showing the variation in 2V 
(alpha) al sa nidine phenocrysts taken 
along a gully crossing the north dyke 
just west of its broadest section. 



The Shingle Creek Po rphyry 

A general considerat ion of the d istribut ion of high and low values of: optic 
angle in the large sanidine phenocrysts from the dyke division suggests the 
possibility that lower optic angles may be concentrated in the narrower parts of the 
dykes. However, the lim ited extent of exposure in critical areas has not permitted 
an objective grouping of specimens suitable for statistica l comparison. 

X -ray Diffraction 
SinJ!le Crystal Oscillation 

Smith and MacKenzie ( 1955) have suggested that unmixing in alkali feldspars 
might be studied through the use of 15-degree, b-axis osci ll ation photographs taken 
with (010) and (001) cleavages oriented para llel with the X-ray beam at the centre 
of the oscillation arc. Jn the present study cleavage fragments from thi n sections of 
eight crystals were studied in this manner. Al l fragmen ts were selected to inc lu de a 
minimum of zoning within their limits. A zone of unus ually h igh birefringence was 
selected from one crystal (204) but the remai ning fragme nts represent zones of 
average birefringence. From specimen 08 two fragme nts we re se lected to represent 
the core and rim of the c rystal. Parts of six of the p hotograp hs obta ined are 
reproduced in Plate VJ L to illustrate unmix ing effects. 

The investigation suggests th at the c rysta ls m ay be di vided in to two gro ups: 
one in whi ch the 242 and 442 reflections, d iscussed by Sm ith and MacKenzie 
(1955) , as well as others at higher theta va lues arc d istinc tl y do ubled along the 
layer l ines; and one in which these reflections are not clea rl y do ubled. For the 
group with do ubled reflections, the reflect ion with the lower theta angle is always 
considerab ly more in tense than its compan ion. Both groups show vary ing degrees 
of fuzzi ness extending to slight ly lower and higher theta angles than the ma in 
reflection. 

Since soda feldspar h as a shor ter a-ax is length th an potash feldspar, it will give 
(hkl) re fl ecti ons (h large) at higher theta va lues than the eq ui va lent potash fe ldspar 
reflections. T he do ubling of th e reflections in the fi rst group thus sugges ts the 
u nmix ing of a soda phase fro m the potas h host. The di ff use st reaks between the two 
principal spots of the do ubled reflections have been attri buted by H ewlett (1959) to 
very small regions of un mixed soda feldspa r th at a re not of great eno ugh extent to 
produce disc rete spots by X -ray di ffractio n. H ewlett recorded diffuse streaks at 
sma ll er theta values th an the m ain reflecti o ns bu t these we re not so di stinct as some 
of those obse rved in the present study. H e suggested that the inte rpre tatio n of these 
streaks, tho ugh uncertain , could be due to ve ry small regio ns of po tash fe ldspar 
h aving Jess soda in solid so lution th an the bulk of the sa mple, or to im perfec tio ns in 
the potas h feldspar structure, such as small tri clin ic areas twinned by the pericline 
law. In the crystals studied here diffuseness a t lower theta angles may be due to 
slight grad atio nal zoning in the fr agments used . 

T he fr agment fro m the centre of specim en 08, after hea ting for 20 minutes at 
800 °C, showed o nl y one set of refl ec ti ons; howeve r, a stro ngly zoned fr agment 
fro m specimen 204 after similar trea tm ent showed no visible change in the 
character of the zones. This is consistent with the conclusion that the do ubled 
refl ecti ons represent unmixing and are not due to fortuito us zone e ffects. 
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PLATE VII. Photographic reproductions of 15 degree b-axis oscillation photographs of sani dine from Sh ingle 
Creek taken with cleavage approximately parallel with the X-ray beam. 

34 

A A cleavage fragment from the rim of crystal 08 showing on unmixed soda phase . 

B A cleavage fragment from the centre of crystal 08 showing unmixing closely similar to A. 

C- The same fragment illustrated in B after heating for 20 minutes at 800°(. Doubled reflections 
have been replaced by single sharp refl ection s. 

D- A cleavage fragment from crystal 012 showing intense reflections for the soda-rich phase. 

E- A cleavage fragment from crystal 296 showing weak soda phase reflections. 

F- A cleavage fragment from crystal 204 showing a minimum of unmixing . At high theta values 
diffuse spots are present on the potash side of the main reflection . As this fragment was taken 
from a narrow zone of high partial birefringence these may represent zoning effects. 



The Shingle Creek Porphyry 

The data derived from the single crystal study of unheated sanidine are 
summarized in Table VIl; thi s table also includes the average optic angle estimated 
for the whole crystal from which each fragment was taken. The table suggests that 
the size of the average optic angle in the Shingle Creek specimens may be correlated 
with the unmixing effects observed in the oscillation photographs. Crystals with 
average optic angles above 30 degrees tend to show doubled reflections . The data 
suggest that unmixing has not been a function of composition within the range of 
compositions present as crystal fragments with high alpha index and birefringence 
show the least unmixing; however, thi s argument would not be va lid should the 
content of Ba, Sr, or Rb vary appreciably between zones. 

Table VII 

Summary of Data for Crystals for which b-axis Oscillation 
Phofof!raphs were taken 

Specimen 
Number 

73 

204 

so 
12 

496 

27 

296 

08 

Powder Diffraction 

Alpha 
Refrac ti ve 

Index 

I .5220 

J .52 18 

I .52 17 

I .5217 

I .5215 

I .5213 

I .5213 

I .5209 

Average 
2V 

J 3 

21 

30 

43 

30 

29 

42 

35 

Descriptio n 
o f 

R eflec tio ns 

o ne set 

o ne set 

one set 

two sets 

two se ts 

one set 

two sets 

two sets 

T ype of Plagiocl ase 
in Host Rock 

a l bite 

albite a nd o ligoclase 

al bite 

a l bite 

a l bite 

ol igoclasc 

ol igoc lase 

ol igoclase 

A sample from each of the groups suggested by oscillation study was 

investigated to compare the character of the 20 1 powder diffraction peak before 
and after heat treatment at 800 °C for 20 minutes to see how variation in the degree 

of unmixing suggested by the oscillation photographs would be reflected in the 201 
powder diffraction record. Samples from specimen 204 showing a single set of 
oscillation reflections and from 08 showing a doubled set were used; the records are 
reproduced in Figures 6 and 7. The figures suggest that more advanced unmixing 
might be correlated with broadening and lowering of the powder diffraction peak. 
The records for specimen 204 also show some increase in intensity at slightly lower 
theta values beyond the main peak that does not appear to be present to the same 
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degree in the rc:ords for specimen 08 . As zoning is better developed in specimen 
204 (see Pl. VI) than it is in 08, this intensity at low theta values may be due to 
potassic zones . If this is so , the records suggest that heat treatment has begun to 
disorgani ze the cation distribution perhaps within the powder fragments. However, 
the problem arises that the distribution of partial birefringence intensity for 
specimen 204 docs not appear to be clearly parallel with the distribution of 
composition suggested by the diffraction peak intensities (compare Pl. Vl and 
Fig. 6). 

To test the possibi '. ity that 20 I powder diffract ion peak characteristics could 
be used as a simple index to the degree of unmixing attained in a crysta l, records of 
this peak were made for crystals from different parts of the intrusion and compared 
with optic angle measu rements. In general, it was found that crystals with broad low 
si ngle peaks of the type shown by specimen 08 (unheated) gave average optic 
angles above 30 degrees. However, some crystals with relatively high average opt ic 
angles gave fai rl y sharp peaks (e.g., 296). Many speci mens showed multiple peaks 
similar to unheated specimen 204 (see Fig. 6) but with the secondary peak 

considerably more intense. l nterferencc of this type renders characterization of 201 
powder diffraction peaks uncertai n. 

Com position 

Precise determination of the composit ion of the large sanidinc phenocrysts of 
the Shingle Creek porphyry has not been attempted because of the intense 
alteration of sanidine in much of it, and the ubiquity of mall plagioclase inclusions 
and zoning. However, four partial analyses combined wit h optical and X-ray data 
suggest that these crysta ls have a norm al content of Rb, Sr , and Ba and li e in the 

composition range Or!i 0 -Ab.10 to Orf; 0 -Ab~o-

Data from the ana lyses of four of the least a ltered crystal s from the ol igoclase 

phase of the dykes are given in Table Vil!. 

Spec. 81 .. 
~ Felds ... 

Spec. 27 .. 
3 Felds. 

Spec. 252 .. 
3 Felds ... 

Spec. 299 .. . 
3 Felds .... 

Table VIII 

Part ial Chemical Analyses of Sanidine 

Ca Sr Ba Rb K Na Total 
--- -

0 .5 0.1 0.3 0.02 9. 14 2.42 
3.5 0.4 0 .8 0 .08 65. I 27.6 97.5 
0.2 0.2 0 .6 0.02 
1.4 0. 7 I .6 0 .08 
0 .1 O.J 0 .4 0.02 
0.7 0.4 I . I 0.08 

. . . . . . . . . . I 
0.3 O. J 0 .3 0.02 
2.1 0.4 0. 8 0.08 

!Va lues oppos ite each sam ple number rep resent weight percentages or the element in the sample 
The figure immediately below shows the weight per cent or the feldspar and member in the sa nidine sa mpl e 
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SPECIMEN 204 

50 

40 

30 

Unheated 

60 

50 

40 

30 

121° 
Heated (20 min. at 800° C) 

GSC 

FIGURE 6. A reproduction of 201 powder diffraction peaks for specimen 204 (not clearly cryp toperthilic) before 
and after heat treatment. 
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SPECIMEN 08 

I 40 

I 30 I I 

I '" ptlvii\ I 

~'~~VI\ ~11~NN~ 
122° 121° I 

0 

Unheated 

60 

0 

Heated (20 min. at 800°C) 
GSC 

-
FIGURE 7 . A re production of 201 powd er diffraction peaks for specimen OB (cryptoperthit ic) before and after 

heat treatment. 
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The Or-Ab ratio estim ated from 20 1 spacing measured on sample 08 (heated) 
was 75-25 (using the data of Bowen and T uttle, l 950). 

The Ba , Sr, and Rb content of the sanidine from the Shingle Creek porphyry 
lies well within the limits fo und for the sanidine exam ined by Hew;ett (J 959). 
Calculation of the Or-Ab ratio of sample 08 from the partial analysis yields a value, 
Or7 0 -Ab:;o. However, the ratio of Or is probably slightly greater than that given as 
some sod ic plagicclase was included in the material anaJy2ed which would make the 
proportions of Ab too great. 

T he refractive indices (alpha) measured on fragme nts from nine different 
crystals ranged from 1.5209 to 1.5220, the fo rmer value being that from specimen 
08. If the composition of specimen 08 is Or7 :;-Ab2 ~ then the alpha refractive index 
range of the frag ments studied suggests a range in composition Or75 -Ab :!~ to 
Or00 -Ab~ 0 approx im ately (interpolated from the data c1f T uttle, 1952). 

An investigation of the character of the 201 diffraction peaks of a large 
number of specimens suggested that the sodic componen1 in these crystals d id not 
exceed Ab.10 . However, a few crystals were fou nd with peaks suggesting a 
composition more potassic than Or7 5 • The data suggest that the composition 
of most Shingle Creek sanidine phenocrysts va ries between Or (i 0 -Ab.10 and 
Or80 -Ab2 o. 

Plagioclase 

M egasco pic Features 

Plagioclase phenocrysts in the Shingle Creek porphyry are typically euhedral 
though crystal corners may be more or Jess ro unded. These phenocrysts reach one 
half inch in length though most crystals are smaller. Jn band specimen crystals are 
commonly recognizably twinned or intergrown. 

Alteration of plag ioclase is broadly related to the phase of the porphyry in 
which it is fo und. Pervasive alteration is typical in albite crystals that a re commonly 
cloudy pink, white, or orange. Oligoclase crysta ls, however, are commonl y clear 
wh ite in the least altered grey rock but are pinkish and doudy where the rock is 
altered pi nk. 

NI icrosco pie Features 

Seen in thin section plagioclase com monly fo rm s aggregates of two or more 
crystals th at may be difficult to di stinguish from twinned crystals. Zoni ng is not 
ev ident in plagioclase phenocrysts in most thin sect ions. Th is may be due to 
pervasive alteration of plagioclase, or it might be due to development of polysyn­
thetic twinning (Emmons, 1953). Traces of osci llatory zoni ng commonly can be 
fo und in crystals from the least altered specimens of the o ligoclase phase, and more 
rarely strongly calcic cores are evident. Inclusions in plagioclase phenocrysts are 
rarely seen although single crystals crushed in acetone Jetween two glass slides 
commonly yield several tiny tetragonal prismatic crystals showing simple prism and 
pyramid and relatively high birefringence. These crystal s are thought to be zircons. 
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V ariation in Alpha R e fra ctive Index 
J . R . Smith (1 95 8) suggested th at the alph a refr active index of plagioclase, 

when measured under carefully controlled conditions, provides the best optical 
means of determining compositi on. In the present study alpha refractive indices 
were determined using the double va riation procedure of E mmons (1953) fro m as 
representative a group of specimens as possible. The res ults of the measurements 
are given in T able XVI and are shown diagramm atically in F igure 8. The 
composition of plagioclase clea rl y falls in two ranges : A n1 to A n8 and An10 to 
An2 .-1 . Pl agioclase of intermediate co mposition, though not entirely lacking, is much 
less common. 

"' c 
~ 
ro 
c 
§20 
Q) 

" 0 

AnO 
~j 

Com position 
AnlO An20 

_L____ j - -

Al bite Oligoc lase 

1.5300 1.5400 

Re fractive Index ex------'?>-

FIGURE 8. Histogram il lustrating the proportion, by 
composition, o f different plagiocl ase 
phenocrysts from Shingle Creek po r ­
phy ry . 

The values of alpha fo r albite below J .5315 and those for oligoclase above 
1.5360 were separated into two groups, those from the dykes and those fro m the 
neck. Each group was then compared with its counterpart (see Table XVIT) but no 
statisti cally significant diffe rence could be detected . 

Optic Angle Variation 

The optic ax ial angle (2 V alpha) oE plagiocl ase was measured in thin sections 
representing the neck and dykes in each phase of the porphyry. Strongly zoned 
crystals were rare and were not included in this study. 

The frequency di stribution of optic angles of various values fo r pl agioclase 
fro m the albite and oligoclase phases is shown in F igures 9 and 10, and the values 
measured in each specimen are gi ven in T able XVIII. The locations from which the 
specimens were taken are shown in Figure 14. 

Figure 9 suggests that albite from the Shingle Creek porphyry is similar to the 
albite of volcanic rocks described by van der Kaaden (1 951 ), though in some 
crystals 2V alph a is slightl y Jess than in those plotted by him . Optic angles of 
oligoclase from Shingle Creek fall in the volcanic to intermediate range and are 
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FIG URE 9. Histogram illustrating the frequency 
distribution of various volues of 2V 
(alpha) of plagioclase in the olbite ­
bearing phase of the Shing le Creek 
porphyry. 
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FIGURE 10. Histogram illustrating the frequency 
distribution of variou s values of 2V 
(alpha) of plagioclose in the oligoclase­
bearing phose of the Shingle Creek 
porphyry. 

similar to those found by Tuttle and Bowen (1950) in the Bein and Dubhaich 
granite, though the range toward values typical of volcanic rocks may be slightly 
greater at Shingle Creek. 

The sta ndard deviation of 2V alpha has been estimated for each specimen 
from the limited data obtained (see Table XVIII) . The data suggest that two thirds 
oE the plagioclase crystals in most specimens will posse s optic angles within 4 
degrees of the mean value. 

Optic angles of plagioclase from the dykes and the neck were compared (see 

Table XIX). o sign ificant difference appears in data for the oligoclase phase, but 
for the albite phase plagioclasc from the neck may have larger optic angles than that 
from the dykes. As no significant difference in composition of plagioclase could be 
shown between the dykes and neck it seems likely that the albite oE the neck rocks 
may have inverted to a slightly lower temperature structural state than that in the 
dykes . 

Quartz 

Megascopic F eatures 

Quartz phenocrysts in the Shingle Creek porphyry are chiefly subhedral but 
both euhedral and anhedral crystal s may be fo und . The crystals are commonly 1 cm 
long with bipyramidal faces prominent and hexagonal prismatic faces restricted or 
absent. Rounded corners and vermicul ar embayments arc visible in quartz pheno­
crysts in most hand specimens. 
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Microscopic Features 
In thin section quartz crystals are commonly seen to be fractured or, more 

rarely, shattered (see Pl. YHl A) . R are ly they are shattered and slightly shea red to 
form schlieren of angul ar quartz fragments (see Pl. VIII B ). 

HHB 1960 
PLATE VIII A. Photomicro~ raph (xlO) showing a sha ttered but un d isto rted quartz phenocryst. 

PLATE VIII B. Photomicrograph (xlO) showing a fractured quartz phenocryst strung out by late 
movement of the magma. 



HHB 1960 

PLATE IX A. Photomicrograph (xlO) showing a rounded quartz phenocryst with an unusually thick 
halo in parallel orientation. Sil ica in the halo may be chalcedony. 

FLATE IX B. Photomicrograph (xlO) showing a fragmented quartz phenocryst with a thin cacrse­
graine d halo in segmen ts oriented parallel with adiacent fragments . 
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Many specimens of porphyry rocks in which the matrix is not very fine gra ined 
show quartz phenocrysts with thin even haloes of parallel oriented quartz matrix 
grains that typicalJy follow the form of the embayed phenocrysts. Rarely in coarser 
grained haloes , the corners of the halo may be more distinct than those of the 
phenocry t within. In general, the character of the halo varies c losely with that of 
the matrix; however, a few specimens wi th exceptiona ll y thick haloes were fo und in 
the dyke divi sion. Grains comprising haloes of the latter type (see Pl. JX A ) appear 
cloudy with somewhat lower refractive indices than quartz. Extinction, though 
apparently parallel with the cent ra l quartz crysta l under low magnification, may be 
undulose or rad iating in grains seen under higher magnification. Such h aloes may 
contain chalcedony (?) rather than q uartz. H aloes about fractured quartz pheno­
crysts are oriented para ll el with the nearest quartz fragment (see Pl. IX B) . 

Comparisons of quartz phenocrysts from albite and oligoclase phases, from 
neck and dyke divi sions, and from porphyry variants with and without large 
sanidi ne phenocrysts, show that embayed crystals a rc present in a ll varieties of 
porphyry. Considerable vari ation, however, may be fou nd in quartz from a single 
specimen and it is possible that significant diffe rences in average character of the 
embayments may be present in quartz from certain parts of the intru sion . In 
particular, emba.ymcnts in quartz from the oligoclase phase at the east end of the 
north dyke, where· large sanidine phenocrysts . are particularly scarce, may be 
generally more angular and nearly eu hedral crystals more common than in the rest 
of the intrusion. A more q uantitative comparison of quartz textures in different 
parts of the intrusion might prove rewarding in further work. 

Matrix 

The porphyry matri x is composed chiefly of quartz and alkali feldspar , the 
latter being slightl y more ab undant to judge from estimates of refractive indices 
made on the least altered thin sections. Both quartz and fe ld par are anhed ral and 
range in grain size from approximately 0.001 mm to 0.1 mm. Many specimens 
show matrices more or Jess permeated with very fine grained alteration products 
and interspersed with patches of small clear interlocking quartz grains. 

Finer grai ned matrices occur somewhat irregularly along the borders of the 
intrusion a nd commonly, though not always, where the dykes appear to be 
narrow. They were found over extens ive areas along southeast contact canyon, in 
the porphyry Jens in the 'cone' deposits south of the neck and along the south 
margin of outcrops on the north dyke . The occurrence of coarser matrices appears 
to be sporad ic, but that of slightl y coarser th an normal is com mon in the dykes 
north of Shingle Creek. 

Structura 1 Features 

Depth of Burial 

The following features in the central and southeast parts of the porphyry 
intrusion suggest that the porphyry reached the ex isting early Tertiary surface: 
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(1) The large r pa rt of the Springbrook Fo rm ation south of the porphyry 
consists of several hundred feet of rh yolitic tu ff containing fragments of the same 
minerals present as phenocrysts in the porphyry. Bedding, present near the top of 
the Springbrook F orm ati on at Shingle Creek, dips away fro m the po rph yry centre. 
This is consistent with the hypothes is th at these roc ks for m the remn ants of a 
volcanic cone developed by po rph yry eruptions. 

(2) A few cobbles and angul ar frag ments of gra nodi o rite are incl uded in the 
porphyry near the tops of the hiJJs in the neck a rea, bu t similar incl usions were not 
fo und on the lower slopes or in the dykes. (The la rge angul ar inclusions of country 
rock in the north dyke are of a di ffe rent character and there are no cobbles.) T his 
occurrence is consistent with the hypothesis that the present hilltops represent a 
level in the intrusion not far below the surface debris of Java and country rock 
fragments that may accumul ate in the o rifice of a vent . 

(3) The optic angles of sa nidine from the east a nd central pa rts of the neck are 
low ( 13 to 30 degrees, see Table X l V ), a fea ture th at suggests that these crystals 
were chilled. Possibly differences in volatile content of the magma or ra te of its 
empl acement might influence the degree of chilling and accoun t for some va ri ation 
in optic angle, but the p resence of much lower optic angles in some neck specimens 
than in any of those from the dykes may well result from severe chilling due to ea rl y 
exposure to surface conditions. 

(4) The severe alteration of sa nidine phenocrysts in the neck as compared 
with those in the dykes, and the generaJJ y more altered condi t ion of rock 
particularly in the eastern p arts of the neck, may be effects of meteoric wa ter on hot 
rock. 

(5) Several outcrops of porph yry have been fo und within the tu ff of the 
Springbrook Formation suggesting the presence of fl ow roc ks though exposures are 
not good enough to preclude the poss ibili ty that these represent a dyke. 

(6) Despite the width of the eastern third of the in trusion there is no marked 
variation in grain size from the walls inwa rd , suggesting th at no part of the present 
surface was far from the o ri gin al ma rgin of the intrusion. 

Although the magma for ming the prese nt outcrops of the porphyry in the neck 
area may h ave reached the surface , it is unli kely that the magma form ing those in 
the dykes did so. T he fac t that tuff and agglomerate west of Oka nagan Vall ey are 
not fo und in Shingle Creek valley below the elevat ion of the granodioritc r im south 
of Shingle Creek is notable in thi s respec t, particul arly as these depos its are at least 
some hundreds of feet thick immediately so uth of the ri m. F urthermo re, no 
rem nants of the fl ows of the Ma rron For mation occur wi thin Shingle Creek valley, 
a ltho ugh several post-po rp hyry dykes are fou nd and a major bas ic dyke cuts across 
the head of southeast contact ca nyon. Shi ngle Creek va lley therefore may be 
yo unger than the Shingle Creek porphyry. If so, a projection of the gra nod iorite 
surface from the lower lim it of the Sp ringbrook Fo rm at ion south of Shingle Creek 
to the skyline north of the creek would suggest that th e present up per surface of the 
dykes was some 1,500 feet below the surface of the gra nodiorite just before the 
former were intruded. T he complete absence of agglomera te cobbles in the dykes 
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west of Okanagan Valley may support the conclusion that the magma of the present 
outcrops in that area did not reach the early Tertiary surface. This, however, does 
not imply that the suggested porphyry vent did not extend westward to the region 
over the dykes . 

Contact Features 
Most of the contacts observed between the porphyry and its wall-rocks are 

gently undulating but relatively smooth for distances of as much as several hundred 
feet. Evidence of sheari ng in the form of finely brecciated, rotten country rock 
partly cemented by calcite is common along the smoother stretches of contact. 
Refusion or welding of this fine-grained breccia was not observed, except for the 
contacts of the narrow isolated dyke in the extreme northwest. At this location 
the contact rock was sufficiently indurated to permit a thin section to be cut across 
the contact. This shows that the country rock (diorite) has been mylonitized 
along the contact. Andesine crystals from the diorite are broken or bent in a fine­
grained cataclastic matrix containing a more than normal amount of magnetite and 
a brown, fine-grained alteration product. The dioritic part of the section is crossed 
by narrow anastomosing lenses of magnetite, chlorite, and brown alteration product 
giving the rock a rough augcn-like texture. Shearing is evident in the porphyry also, 
for quartz phenocrysts along the immediate contact have been broken and strung 
out into lenses of angular fragments. 

Contacts at the east end of the north dyke are poorly exposed; however, 
irregular short, crooked offshoot dykes penetrate the granodiorite along the north 
contact in the first major gully cutting the cast end of the dyke. It is interesting to 
note that there the margins of the dyke (albite phase) contain large granodiorite 
inclusions. Farther to the west the southern contact of the north dyke is relatively 
smooth and nearly vertical wherever exposed. Unfortunately the north margin of 
the dyke is nowhere well exposed but the fact that the two sides are roughly parallel 
suggests that this contact is also nea rly vertical. 

The smal ler dykes , where exposures permit their dip to be estimated, are 
inclined. The isolated dyke northwest of the north dyke appears to dip about 
40°NW and one of the small dykes, poorly exposed on the north bank of Shingle 
Creek near its mouth, dips approximately 50°W. 

Along the so uth wall of southeast contact canyon, the contacts are steep; on 
the north wall, however, dips vary. On the west, interbedded tufT and agglomerate 
strikes approx im ately parallel with the ca nyon, and dips from 35 ° to 50°SE, 
apparently lying on top of the porphyry. This attitude persists eastward down the 
canyon to the end of the continuous agglomerate outcrop. Just above the point 
where the canyon turn s south , an inclusion of agglomerate some 45 feet across may 
be seen in the cliff face. Both vertical contacts of the inclusion are sheared and 
subparallcl shears are present in the porphyry on either side. Except for a small 
outcrop of tuff, no more cou ntry rock is visible along the north wall of the canyon 
until the mouth of the upper canyon is reached. There an agglomerate remnant 
perhaps one quarter mile long lies on the porphyry surface. Lentils of sandy tuff 
and a lens of bedded fine silt and sand 9 feet thick dip as much as 30°E. 
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Alteration of the Country Rock 

Most outcrops of country rock in the immediate vicinity of the intrusion are 
friable, but some sound rock has been exposed in road-cuts along the course of 
Shingle Creek. There the coarse-grained granodiorite is jointed into large irregular 
blocks that show a reddish brown stain penetrating to a depth of several inches . 
Biotite and hornblende of the norm al granodiorite are absent and their place is 
taken by magnetite and green chlorite. Composition and zoning of the plagioclase 
grains are like those in the normal granodiorite, but potash feldspar crystals have 
been severely sericitized. Within a few inches of the contact all mafic minerals 
except magnetite have been replaced by calcite and a hydromica of low (-) 2V. 

Along the southeas t margin of the porphyry the Springbrook agglomerate is 
commonly sta ined dark reddish brown for a distance of 3 or 4 feet from the contact. 
The friable condition of the agglomerate in contact with the porphyry is in sharp 
contrast with the indurated condition of the same rock along the contacts of a later 
basic dyke probably associated with the Marron Formation. 

Joints in Country Rock 

Joints in the rock surrounding the porphyry are best developed north of 
Shingle Creek. Four groups of such joints were noted in eighteen measurements as 
follows: 

(1) Nl0°W to N25 °E, dip 35 °W to vertical 

(2) N60 °E to N65 °E, dip 55 °NW to vertical 

(3) N80°E to N85 °W, dip 55 °N to vertical 

(4) N55 °W to N65 °W, dip 55 ° to 80°NE. 

The north dyke follows two distinct bearings (see Map 1169A, inset); the 
eastern two thirds is at N85 °W, and the western third at approximately N55 °E, 
the change in trend being fairly abrupt. The two fairly consistent trends conforming 
closely to those of observed joints suggest that the emplacement of the north dyke 
may have been in part control led by joints in the country rock. 
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DISCUSSION 
Jn the preceding sections the author's observa tion s concerning the Shingle 

Creek porphyry have been described with a minimum of in fere nce. ln this section 
pertinent data are summ arized and an attempt is made to suggest possible processes 
capable of accounting for the observations. Because of the complexity of many 
volcanic centres and the fragmentary and in part negative evidence obtained from 
Shingle Creek, such processes should not be regarded as theories but as hypotheses 
to be tested in the light of present and future knowledge. 

Sanidine 
Large sanidine phenocrysts from the porphyry have compositions chiefly in tbe 

range Or7 0 -Ab30 + 10. A delicate oscillatory zone pattern characteristic of most of 
these crystals shows zones in pairs with gradational borders within pairs such that 
the inner member of each pair has tbe higher partial birefringence (gamma-alpha). 
An increase in the definition of zones toward the border of most crystals has been 
noted. The stability of the zone pattern in the face of heat treatment has been 
shown to be greater than that of unmixing. Some crystals from tbe porphyry are 
unmixed on a submicroscopic scale, and such crystals show average optic angles 
greater than crystals that are not unmixed. The distribution of high and low optic 
angles suggests that the lowest may be found in the neck division ; however, severe 
alteration of crystals has greatly limited the number studied from this division. 

The precise nature of zoning in the Shingle Creek sanidine phcnocrysts has not 
been established, but several possibilities are suggested. Variation in alpha refrac­
tive index between zones is consistent with slight changes in Or-Ab ratio (though 
changes in Rb, Sr, or Ba might produce simi lar var iation). If this is so, then typical 
variation within zone pairs indicates an inner sodic maximum that progresses 
gradationally to an outer potassic maximum. The stability oE the zone pattern in the 
face of heat treatment suggests the possibility that a structural difTerence, such as a 
change in Al-Si order, may also be present between zones. A correlation between 
possible Ab-Or changes and oscillations in water vapour pressure in the magma is 
suggested under Crystallization of Phenocrysts . 

Investigation of optic angles in sa nidine phenocrysts from the Shingle Creek 
porphyry has suggested that the average optic angle might be used as an index to 
the degree of cryptopcrtbi tic unmixing attai ned in various parts of the intrusion. 
The very limited number of crystals investigated from the neck environment has 
suggested that the lowest optic angles may be characteristic of this division. It is 
also possible that optic angles are slightly lower in sa nidine from the narrower 
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dykes than in that from the broader dykes. H owever, Jack of o utcrops in criti cal 
areas th at would defin e dyke width has prevented the establishment of this 
suggestion . 

Plag ioclase 

Plagioclase in the Shingle Creek intru sion occurs chie fl y in two di stinct 
compositio ns: Albite ( An 1 to An .~ ) and oligoclase (A nrn to A n ~~). The low fre­
q uency of compositi ons between these ra nges is rema rkab le, in view of the close 
assoc iatio n of the phase of the in tr usio n in whi ch the two p lagioclases a rc fo un d. 

The occurrence of relatively p ure albi te and o ligoclasc in the same rocks h as 
been mentio ned by L aves ( 1954) and F riedl aendc r ( 1952). DcWaa rd (1959) has 
drawn attention to the sca rcity of plagioclase in approxim ately the same range in 
the Usu mass if, T im or, and suggested that the tra nsiti on from An .; to An ~ 0 took 
p lace in a narrow press ure-temperature fi e ld during metamorphi sm. 

L aves ( 1954 ) and Ribbe ( 1958) have investigated pc ri sterites (A n ~ to An 17 ) 

from granites and pegmati tcs and have shown th at p lag ioclase in thi s ra nge fro m 
" low temperature" enviro nments is submicroscopica ll y unm ixed. Ribbe suggested 
that such unmixing occurs on a very fin e scale only, beca use of the difficulty of 
di ffusion of Al-Si over any a pprec iable di stance due to the stre ngth of their bonds. 
U nmixed specimens were fo und to be homogenized by severe heat treatment. 

At Shingle Creek the absence of plagioclase in the peri stc rite ra nge might be 
the result of ve ry slow growth at re la tively low temperature. T he coex istence of two 
feldspars of compositio ns shown (very sodic pl agiocl asc and sodic sanidine) 
suggests crystalli za tion at low temperature and high wa ter vapour pressure relative 
to those achieved in dry or modera tely wet rhyolites (Tuttl e and Bowen, l 958). 
Slow growth of pl agiocl ase under high wa ter vapour press ure and low temperature 
wo uld allow maximum oppo rtunity fo r the attainment of equilibrium and wo uld 
mean that structures o nl y slightly mo re stable than their alte rn a ti ves might be 
d i tinctl y favo ured . If the solvus fo r the pcri sterites intersects the liquidus unde r 
reasonabl e conditio ns of wate r va pour pressure ( ph ase rela tio ns of peri ster­
ites a re unknown) then the unmi xing relatio n shown by the periste rites might mean 
that the fo rmation of plagioclase crys tals, or zones, of peri ste rite compositio n wo uld 
be prevented . 

Alternatively the very low pro portio n of pl agioclase in the peri ste rite range 
might ari se from fortuitou ta pping of a magma evolving towa rd more calcic 
compositions. The sca rcity o f o ligoclase overgrowths on a lbitc might a ri se if magma 
were ta pped before crys talli za tio n of the phenocrysts bega n. Such a condition might 
be envisaged in a magma produced by differential fu sion, ve ry ea rl y mixing of select 
magmas, or very ea rl y ass imil atio n of select country roc k. 

M easurements of the opt ic angle of p lagioclase phcnocrysts from the porph yry 
h ave indicated that a lbi te is in an intermediate to low therm al sta te, whe reas 
oligoclase is in an intermed ia te to high therm al state. Compari son o f va ri ations 
be tween the dyke and neck di visio ns of the intrusion has suggested th at albite in the 
neck divi sion h as significantl y higher optic angles (lo wer therm al sta tes) th an th at 
in the dykes. 
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M acKenzie (1 957) has shown that the thermal state of albite will vary 
according to the temperature and pressure at which crystals are annealed provided 
that sufficient time is allowed for equilibrium to be attained . He also showed that 
the initial temperature of crystalliza tion will influence the response of crys tals to 
annealing. T uttle and Bowen (1958) have shown th at granite magma may be 
expected to fo rm at suffi cient depth at below 650°C, though the presence of 
sanidine may suggest that tempera tures below thi s were not reached (Laves, 1952). 
Crysta lli za tion of the phenocrysts at Shingle Creek at temperatures of this order 
would suggest that the plagioclase reached an intermediate therm al state during 
crystallizati on. If tempera ture did not rise appreciably thereafter such crystals 
would be fo und at the surface in a similar or lower thermal state th an that 
established at depth. This may explain why the optic angles of albite at Shingle 
Creek approach that of low albite more closely than they do that of high albitc 
produced in the laboratory. The fac t th at higher optic angles (and hence lower 
thermal states) were found in the neck di vision than in the dyke division might 
result from one or a combination of the fo llowing causes: 

( J) The phenocrysts in the neck crystalli zed at lower temperatures than those 
in the dykes. 

(2) The phenocrysts in the neck crystalli zed more slowl y than those in the 
dykes . 

(3) The phenocrysts in the neck cooled more slowly through the range of 
temperatures at which Si-Al ordering of albite takes place than did those in the 
dyke. 

(4) The retention of volatiles during critical periods of cooling may have been 
grea ter in the neck than in the dykes. 

The low optic angles (low degree of unmixing) of sanidine in the neck 
compared with the low therm al state (high degree of Al-Si order) of albite, and the 
reverse relationship in the dykes at first appear conAicting. The conAict however 
may be re olved if the the rmal state of albite and unmixing of sanidine have 
resulted fro m conditions at different depths. Since unmi xing in sanidine involves 
displacement of alkali cation whereas a change in thermal state of albite p robably 
involves the more difficult interchange of Si-Al , it might be expected th at the fo rmer 
wo uld respond to conditions of lower intensity and hence perh aps shallower depth. 
Possibly wider conduits leading to the neck th an to the dykes may have permitted a 
relatively slower passage of magma th rough stages critical in the ordering of albite 
in the former. 

Some evidence suggests that magma represented by outcrops in the neck 
division may have reached the ea rly Terti ary surface, whereas that in the dyke 
division did not and may have crystalli zed as much as 1,500 feet or more below this 
surface. If the intensity of conditions within the magma rem ained high enough to 
prevent cryptoperthitic unmixing of sanidine until the magma came to res t, then it 
may be suggested that the environment of the neck could have permitted the 
freezing of essentially non-unmixed sanidine whereas that of the dykes at some 
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distance below the granodiorite surface could have permitted a longer period of 
adjustment toward surface conditions resulting in the more advanced cryptoper­
thitic unmixing observed in many sanidine crystals from the dykes . 

Crys talliza tion of Phenocrysts 

Norm ative calcu lations suggest that quartz and alkali feldspar components 
average about 90 per cent of the Shingle Creek porphyry. At the sa me time the only 
apparently significant va ri ation in the composition of the porphyry magm a is a 
slight increase in the lime content (averaging less than one per cent) in the fi nal 
phase of the intrusion . T hi s suggests th at the development of the phenocrysts and 
their tex tures in the intrusion as a whole might be tentat ively considered in the light 
of the phase relations establi hed by Tuttle and Bowen (1958) for the NaA1Si 30 8-
KA1Si30 8-Si02-H20 system. 

Tuttle and Bowen (op . cit. ) have emph as ized that the principal feature of this 
system is the deep trough on the liquidus surface that ex ists along the quartz-feldspar 
boundary. They have also shown that increase in water vapour pressure may shi ft 
th is boundary by nea rl y 10 per cent away from the silica apex of the system . 
Accompanying the shift in the quartz-feldspar boundary, the minimum in the 
system shifts toward the Ab apex and becomes a ternary eutecti c at sufficiently high 
water vapour pressures. These features are illustrated in Figures 11 and 12. 

100% Si02 

___ , _500 

----·-t>-3000 

GSC 

FIGURE 11. Diagram showing the effect of water­
vopour pressure on the quartz-feldspar 
boundary in the system NaAISi, O s­
KAISi, O s-SiO, - H, O. The upper boundary 
is a l 500 kgm / cm2, and the lower a t 
3000 kgm / cm2• The small triangl e 
repre sents the proportions of normative 
quartz, a lbite , and orthocla se of th e 
average porphy ry analysis re calcula ted 
to 100 per ce nt. Solid ci rcle s show th e 
position of th e eu tecti c at each pre ssure 
(boundary curve s a fte r Tuttle and Bowen, 
1958). 

A s it is not to be expected that a relatively sodic melt such as the Shingle Creek 
porphyry could crystallize extensivel y a single feldspar as potassic as the sanidine 
observed, Or60 -0r80, it is probable that plagioclase and sanidine crystallized 
essenti ally together. Although it cannot be denied that small amounts of either 
feldspar may have crystallized first, this might be expected to leave evidence in the 
form of progressive zoning in the cores of one or other feldspar. Either, reaction 
has obliterated such cores or they were not formed to an appreciable extent. Tuttle 
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1000~--------------~ 

Composi t ion 

FIGURE 12. A section through the 1000 kgm / cm2 

isobaric prism from Ab50-0r50 to the 
Si0 2 apex showing th e nature of the 
thermal vo lley along the quartz -feld­
spar boundary (ofter Tuttle and Bowen, 
1958). 

and Bowen (19 58) have discussed the crystallization of two fe ldspars in rhyolites 
and suggest that sodic pl agioc lase and sanidine may coex ist at eq uilibrium in an 
ano rthite-free melt at wa ter vapour pressures abo ut 3,500 kg/ cm :!. They a lso 
suggest th at the add ition of lime will decrease the pressure necessa ry to permit the 
formati on of two feldspars. Because of the low anorthite content of the porphyry 
rocks, it seems reasonable to assume crystallization of the ph enocrysts at water 
vapour pressures perh aps sli ghtly lower than 3,500 kg/ cm:! . This pressure of water 
vapour pl aces the qu artz-fe ldspar bo undary and ternary eutectic c lose to the com­
position of the average po rphyry analys is and a lso suggests that c rystallizatio n of 
feldspar was probably accompanied over most of its duratio n by crys ta llization of 
quartz. H ence, it m ay be a rgued that the greater part of crysta lli za ti on of the 
phenocrysts occurred under essenti a lly te rnary eutectic conditi ons. 

The o utstanding textura l features of the phenocrysts appear to be: the 
common growth of unusuall y la rge sanidine crystals without substantial change in 
composition ; the pl agioc!asc and a few qu artz inclusio ns in sanidine and loca ll y 
sanidine overgrowths o n plagioclase, but no sanidine or quartz inclusions in 
pl agioclase; the osci llato ry zon ing in sanidine; a nd the irregul ar embayment of 
quartz phenocrysts . Conditions of c rysta llization must account for these fea tures. 

Co mparison of mod al analyses (co rrected for exc lu ion of sanidine) between 
spec imens with a m ax imum of la rge sanidine phenocrysts a nd those wi th essentially 
none, suggests that the proporti on of sa nidine to other ph enocrysts is considerably 
greater in the former group. This, and the absence of sanidine inclusions in 

plagiocla e, the occasional inclusion of qu artz, the common inclusion of 
plagioclase in sanidine, a nd the loca l overgrowths of sanidine o n plagioclase, 
suggests that the large crystals grew rapidly with respect to qu artz and plagioclase 
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phenocrysts (under ternary eutectic conditions). Ma intena nce of zone thickness in 
the outer parts of the large sanidinc crystals even approxi mately simila r to those in 
the inner parts, suggests that the rate of deposition of sanidinc on these crystals 
increased as crystallization progressed provided th at the peri od of oscillations in 
conditions ca using the zoning remained constan t or decreased. On this ass umption 
it would appear likely that, in some variants of the porphyry magma, a late stage of 
preferred growth of sa nidine occurred. As the re is little evidence of general 
progressive change in the compos iti on of feldspar crysta ls as opposed to osc illatory 
changes, it is poss ible that there was little progressive change in water vapour 
p ressure or temperature during crysta lliza tion that might have caused preferred 
growth of sa nidinc. Possibly this fea ture resulted from very slight progressive 
enrichment of some magma variants in K-Al. The present analyses, however, a rc 
not sufficient to demonstrate such enrichment, and other poss ibilities affecti ng the 
rate of sa nidine growth may ex ist. 

Large sanid ine phenocrysts were estimated to be fewer in most of the albi tc 
phase of the neck (the albi te porphyry at the southern edge of the neck being the 
chief exception). In the oligoclase phase la rge sanidine crystals a re least abundant 
in the wider east end of th e north dyke but appear to increase in abundance 
westwa rd as the size of the dyke di minishes. They arc notab ly abundant everywhere 
the dykes are known to be narrow, though they arc also common in wider pa rts of 
the oligoclase phase so uth of Shingle Creek. 

Poss ibly the large crystal s might have been excluded from parts of the magma 
by some form of filter pressing. However , it would be then difficult to explain why 
the qua rtz and pl agioclase phenocrysts were not a lso excl uded and why the la rge 
sanidinc phcnocrysts are commonly least ab undant in what ap pear to be major 
conduits of the intrusion. R ather the di strib uti on suggests either crysta ll ization of 
the large sanidine crystals in narrower co ndu its, or different conditions of empl ace­
ment of slightly different magma variants separated at depth . The former suggestion 
may be di sca rded because it seems to require crys tallization of a single alkali 
feldsp ar more sod ic than the present crystals. lf the latter suggestion is true, magma 
from the upper levels of the magma chamber, pe rhaps enriched in large sanidine 
crystals, may have been forcefully cmpl aced into a ll condu its. The following magma 
from somewhat lower levels, at a somewhat earlier stage in crystallization and not 
enriched in large sanidinc crystals, might be emplaced less vigorously and replace 
the previous magma from the main cond ui ts only. A few large crystals might 
become included in late rising magma and would account for their presence where 
large sanidine crystals are general ly carce. Thi s latter suggestion appears best able 
to acco unt for the observed di stribution of the large sanidine crystals. 

Jn order to produce the oscillatory zone pattern in sanidine, oscill ations in 
temperature or vapour pressure of water might be considered. Though either 
process might result in zon ing, it is perhaps more difficult to conceive how 
temperature oscillations could be widely and fairly evenly transmitted through a 
magma chamber. Increase in wate r vapour pressure might result from progressive 
crys ta!Ji zation and consequent concentration of volati les in the melt. This increase 
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might be periodicalJy compensated for by fail ure of the overlyi ng rocks due either 
to atta inment of some critical pressure of water vapour or possibly to movement 
along the Vernon-Sicamous fau lt. Such movements are believed to have occurred 
both before and after emplacement of the porphyry magma (sec Structural 
Features), and it therefore appears plausible that they might have been in progress 
during crystallization of the large sanidine crystals. T he form of zones in the large 
sanidine crystals (apparent inner sodic maxima gradational to outer potassic 
maxima) suggests gradu al build up of water vapour pressure folJowed by abrupt 
release. FolJowi ng an abrupt release, sodic sanidine might be expected to crystalJize. 
However, as pressure built up , progressively more potassic sanidine might be 
expected to crystallize as a result of the lowering of the solidus and its consequent 
intersection with the sa nidine solvu s at more potassic compositions. With further 
rise in water vapour pressure crystallization might cease and the ou ter surfaces of 
the sanidine would react toward more potassic compositions. Abrupt release of 
water vapour pres ure would cause abrupt reversion to crystallization of sodic 
sanidine and the cycle would be repeated. 

The development of haloes of matrix quartz in common ori entation with the 
embayed quartz phcnocrysts they surround suggests that embayments formed 
before the matrix crysta lli zed. As embayed quartz crystals appear in all variants of 
the porphyry, it is probable that the conditions that produced embayment acted on 
alJ variants though these may have been modified in some parts of the intrusion as 
suggested by possible variati on in the ave rage character of the embayments. The 
presence of sodic plagioclase and sa nidine has suggested that crystallization of the 
phenocrysts took place at depth under high water vapour pressure (equivalent to a 
depth of roughly 11 km) and it may therefore be argued that all variants have 
undergone a large decrease in water vapour pressure and consequent supercooling 
attendant on the rise of the magma from this depth to the surface. Possibly 
ernbayment of quartz may result from either irregular growth or corrosion, or both, 
during the ascent of the magma from the depth at which eutectic crystallization 
occurred. 

Rock Variation 

The present study has revealed the close similarity in most aspects of the 
chemical and mineral composition of rocks throughout the Shingle Creek porphyry. 
However, the data obtained have suggested that a late phase of the intrusion is 
slightly but significa ntly richer in lime than the phase that preceded it. This 
difference has been accompa nied by a rather ab rupt change in plagioclase 
composition from albite to oligoclase. 

The solvus-liquidus relation suggested for the peristerites might provide a 
mechanism for concentrating a limited amou nt of lime in the liquid phase of the 
magma through the crystallization of albite, although, it is doubtful if this process 
alone could produce two distinct plagioclase phases without extensive overgrowths. 
It therefore seems probable that some additional process may have acted to 
concentrate lime slightly in the later emplacements of porphyry magma. The 
direction of change in composition with time is inconsistent with simple fractional 
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crystall ization fro m an intermediate or ac id magma and may refl ect the dominating 
influence of some other process. Magma mixing, assi mil ation of cou ntry rock, or 
differential fusion might accou nt for the trend. 

Consideration of the composition of the Marron volca nic rocks suggests that 
ad mixture of any one of the flows analyzed would be unlikely to raise the calcium 
content of the magma without affecting significantly a ll the other major oxides with 
the po sible exception of soda and potash. However, the possibility that a dyke like 
one of the Jess basic dykes (not chemically analyzed) exposed at th~ surface may 
have entered the Shingle Creek porphyry magma chamber and become uniformly 
mixed to form the oligoclase phase cannot be ruled out. 

Alternatively, analyses of the older plutonic rocks at Shingle Creek suggest 
that the granodiorite may approach the composition of the Shingle Creek magma in 
a ll oxides except th at of calcium, which is two to fo ur times more plentiful in the 
granodiorite. This suggests that assimilation of granodiorite at depth may provide a 
process capable of increas ing the lime content of the porphyry magma wi thout 
detectably altering the proportions of the remaining oxides. The unifo rmity in 
composition of the porphyry, except for the slight va ri ation in lime content, and the 
low proportion of overgrowths of oligoclase on albite require that either magma 
mixing or assimilation took place at depth probably before the formation of 
phenocrysts began . 

Consideration of di ffere ntial fusion requires the inclusion of the anorthite 
component and is therefore beyond deta iled analysis at present. However, if iron 
and magne ium were minor constituents in the source rock at depth, a small 
increase in the lime content of the magma forming would probably not be 
accompanied by a detectable change in the mafic constituents. The granodiorite 
confor ms to these conditions and, furthermore, is the most extensively exposed rock 
type older than the porphyry intrus ion near Shingle Creek. If differential fusion 
were to act on the same source rock in two pulses, two distinct magmas might be 
generated and extensive development of oligoclase overgrowths on albite might be 
avoided. 

Structural Features 

The disposition of the albite and oligoclase phases in surface outcrops have 
been described in the previous sections and are shown on Map 1169A. The 
intrusion has been divided into neck and dyke divisions , the dividing line being 
formed arbitrarily by the west wall of Okanagan Valley except for the small dykes 
cutting lower Shingle Creek valley. The westward tapering structure of the intrusion 
and the greater proportion of phenocrysts to matrix in the dyke division suggest that 
the east encl of the intrusion was probably the most act ive part during the alb ite 
phase. The scarcity of phenocrysts in the oligoclase phase at the broad east end of 
the north dyke suggests that the centre of activity may have moved slightly westward 
during the life of the intru sion. 

The southward-facing crescentic pattern of the intrusion enhanced by the 
southward hook at the east encl of the oligoclase phase suggests that the 
fundamental structure of the porphyry might be compared to that of a ring dyke 

55 



Shingle Creek Porphyry, British Columbia 

perhaps modified by near surface conditions wh ich allowed the intrusion easiest 
access to the surface at its east end. In this regard it is notable that, though the 
north dyke follows two bearings approximately parallel with joint sets in the 
graoodiorite north of Shingle Creek, it has selected only those parts of the fractures 
consistent with the ring dyke pattern. No major offshoots project northeast toward 
Penticton. 

Billings (J 943) , who has summarized the characterist ics of ring dykes , pointed 
out that such dykes do not norm ally form complete circular structures but 
commonly extend over l 80 degrees of arc or less. With evidence gained from cw 
Hampshire, he suggested that the intrusion of vertical ring dykes may have been 
controlled by a pre-existing annular vertical fracture zone the width of which wa s 
comparable to the present width of the dyke. Such a fracture zone, he pointed out, 
would have been a place of weakness, very susceptible to piecemeal stoping. 

Though most of the ring dykes described by Billings are larger than the 
Shingle Creek porphyry, some structural feat ures of the latter may be consistent 
with his hypothesis for vertical ring dykes. The steep ly dipping inter ecting joint 
sets in the granodioritc north of Shingle Creek (strike 60°E and N85 °W) may 
have aided in the production of a vertica l fracture zone the form of which expresses 
both the surficial planar nature of the joint sets and the deeper environment of the 
intrusion. The gra nod iorite inclusions in the albite phase along the margins of the 
north dyke and the distorted plutonic rock fragments in the agglomerate of the 
Springbrook Formation support a hypothesis of piecemeal 'stoping' with upward 
removal of the country rock. 

The location of the Shingle Creek porphyry adjacent to Okanagan Valley with 
its widest section immediatel r west of the valley floor has been pointed out. Jones 
(1959) has suggested that the Vernon-Sicamous fa ult, which he believed to be a 
system of subparallel, linked fa ults, extended the complete length of Okanagan 
Valley in Canada and possibly reached a total length of 170 miles. Regarding the 
dating of this fault, Jones stated: 

Tertiary lava flows are mostly and character istica ll y confined to plateau-like cap­
pings of the bills but a long the line of the Vernon-Sicamous faul t, numerous remnants 
of basa ltic nows are a t or near th e level of th e va lley bottom. In one pl ace, where the 
crush-brecc ia o r the fau lt is exposed , pieces of basa lt were mixed wit h fragments of 
granite a nd gnei ss. suggesting post-lava movement o n the old Vernon-Sicamous fau lt. 
The sequence of even ts is interpreted to be as fo ll ows: 

( I ) Creat ion of the fault in pre-Tert ia ry time. 
(2) Erosion of a va ll ey a long the fau lt. 
(3) Filling of th e vall ey by Java in Tertiary time. 
( 4) Renewed movement along the fau lt. 
(5) R enewed eros ion a long the line of th e old fau lt va ll ey, leavi ng rem nants of the 

Java flows. 

The length of thi s fault zone suggests that it may represent a major structural 
feature in the earth 's crust. The close association in space and time of the Shingle 
Creek porphyry wi th fa ulting suggests that the timing and perhaps the generation of 
the intrusion may be related to energy release during early movements along the 
Vernon-Sicamous fault zone. 
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A Sketch of Historical Geology at Shingle Creek 

The consolidation of the plutonic rocks in thi s a rea has been inferred from age 
relations reported for similar rocks in the surrounding terra in to have taken place in 
the middle o r late M esozoic. Late in the plutonic phase the diorite and granodio rite 
were intruded by gra niti c dykes. Fie ld relations suggest th at the conditions of 
emplacement of these dykes were marginal between plutonic and hypabyssal. 

Uplift a nd erosion, which probably started befo re intrusion of the fine-grained 
granitic dykes, occurred in the last pa rt of the M esozoic. Thi s was accompanied by 
movements along the Vernon-Sicamo us fau lt, and the incipient formation of 
Okanagan Valley. Increased activity along the fault a t the close of the M esozoic or 
in the ea rl y Tertia ry may have set the stage for the Shingle C reek po rph yry 
intrusion and eruption. 

The porphyry intrusion occurred in two closely associated phases, the first 
characteri zed by albite phenocrysts and the second by oligoclase. The albite ph ase 
appears to have been the more extensive, as albite occurs at both east and west 
extremities of the intrusion. The centre of most acti ve intrusion shifted westward 
from the neck area to the east end of the no rth dyke during empl acement of the 
oligocl ase phase. Magma in the upper pa rts of the magma chamber prior to the 
inj ection of each po rph yry phase may have reached a somewhat more adva nced 
stage of crystalli za tion in which the crysta lli za tion of sa nidine was preferred. Initial 
injection is thought to have been most vigoro us resu lting in the emplacement of 
large sa nidine crysta ls. The vigour of injection of each phase is thought to have 
waned as the injection progressed so that later magma, perhaps from slightly greater 
depth and not bea ring large sanidine c rys tals, di sp laced ea rli er magma from the 
principal conduits. 

Great quantiti es of volcanic ash now present as tuff in the Springb rook 
Formation so uth of Shingle Creek likely formed pa rt o f an irregul a r volcanic cone 
associ ated with a vent over the present site of the intru sion. The earl y T erti ary 
surface probably sloped southward as the upper surface of the plutonic rocks does 
today, and this may have facili ta ted co llapse of no rthern pa rts of the cone deposits 
into the vent. Stream ro unded boulders a nd gravel in transpo rt from slopes north of 
the intru sion may have entered the vent and become intermixed with ash and 
perhaps occasionally with vesicul ating Java . M asses of such rock, periodically 
ejected from the vent, are thought to have formed agglomerate bodies in depres­
sions in the cone. 

T hough the surface products of the Shingle Creek volcano were m os tly 
pyroclastic, a few restricted flows may have been ex truded . At least one po rphyry 
body lies in approxim ately conformable position within the tuff, but ex posure is too 
meagre to determine whether such bodies a re flows or sill s. 

The Shingle C reek porphyry eruptions were followed by deposition of 
trachyandes ite flows and minor feldspathic tuff which li e on top of the cone deposits 
at most localiti es where the cone is overlapped by the Marron Formation. The 
trachyandesite flows were followed by a series of andesite flows and agglomera te 
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that reach a thickness of some 3,000 feet west of Skaha L ake and probably more to 
the south. These flows are believed to have covered the country to the north as well 
as to the south of Shingle Creek. 

Younger Tertia ry sediments were probably not deposited extensively in the 
Shingle Creek area, though late Eocene or possibly later sed iments and volcanic 
rocks are fo und in the White Lake basi n and Okanagan Falis syncline some 5 or 6 
miles to the south . 

The Shingle Creek a rea is believed to have been completely overridden by 
ice during the Pleistocene. As conditions ameliora ted, ice-ponded and dammed 
lakes were for med in Okanagan Valley and in some of the surrounding valleys. 
These have left silt terraces at va rying levels about the mouth of Shingle 
Creek and in the upper creek valley. Bursting of the ice-dam below Va eaux 
L ake permitted Shingle Creek to carve its present lower gorge some 240 fee t 
into these silt terraces. 
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APPENDIX 
Tables: 

In tables used for the comparison of various parameters between the dyke and 

neck divisions or between the albite and oligoclase phases the mean and stand ard 
deviation (SD) are given. Jn calcul at ing the standard deviation the following 

formula, which allows for small sample size (Moroney, 1956), was used: 

SD 

x 

x 
11 

/~(X - X)2 
\) n - 1 

individual value 

mean 

number of items invo lved in the mean. 

The difference between means is given together with a n estimate of t11e 
significance of the difference based on the "t" test. The significa nce levels suggested 
by Moroney have been empl oyed: 

NE not estab li shed; significance level above 5 per cent. 

PS p1obably sign ifi ca nt ; significance leve l between 5 and l per ce nt 

S significant; significance level between l and 0.1 per cent. 

HS highl y signifi ca nt ; significance level below 0.1 per cent. 

Compari sons in which the "F" test (see Moroney, 1956) suggests that the 
variances of the two populations are significantly different at the 5 per cent level 
have been marked with asterisks. ln such comparisons the "t" test may not be 
strictly applicable. 

Maps: 

The small sca le maps of the Shingle Creek intrusion in this section show the 
locations from which the crystal specimens li sted in the tables were taken. The 

specimen numbers refer to the pertinent table on ly. 

Tables and locations or rock analyses are given in the body of the report. 
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Si02 . 
Al20 3 .. 
Fe20 3 .. 
FeO .. . 
Cao .. . 
M gO . 
Na20 .. 
K iO .. 
H 20 + 
H 20 - .. 
TiO;: .. 
P20 s .. 
MnO .. 
C02 . 

Table IX 

A nalyses and Norms of Rochs fr om the Shingle Cree h A r ea 
(l isted in ord er of decr easing age) 

52.3 
17.7 
3.2 
5 .30 
7 . I 
3.2 
4 .0 
2.8 
0. 98 

I .2 
0. 6 
0 .2 
0.22 

2 

61.0 
16.2 
2.6 
3. 46 
4 .8 
2.6 
3.8 
2.8 
0 .99 

0 .7 
0. 2 
0 .2 
0 . 18 

3 

61 .4 
18.6 
3. I 
I .9 1 
5. 9 
I . I 
5. 0 
I .8 
0 .50 

0 .5 
0 .2 
0 . 1 
0 .02 

4 

68.7 
16.6 
I .0 
0. 79 
3.0 
0. 7 
4.6 
3. I 
0 . 55 

0. 2 
0 .0 
0.1 
0 .29 

5 

70. 99 
14 .77 
I. 13 
0 .58 
I .46 
0 . 78 
4 .03 
4.23 
0 .28 
0.7 1 
0. 35 
0 .1 0 
0. 00 
0.46 

6 

52 .4 
17.7 
2.9 
2.60 
3 . I 
2 .5 
6. I 
5.2 
4 .2 1 

0. 9 
0. 9 
0 . 1 
0 .64 

7 

52 .7 
17.7 
3.9 
I .84 
5. 4 
4 .1 
3 .6 
5.7 
I .62 

0 .9 
0. 8 
0 .0 
0 .36 

8 

57.3 
19 .7 
2.0 
2 . 15 
3 .8 
I .8 
4 .2 
5.7 

1.24 
0 .7 
0.4 
0.1 
0.55 

Tota l 98.8 99.5 JOO . I 99 .6 99.87 99.3 98.6 99 .6 

Q 
C . 
o r .. 
a b ... 
an ... 
nc ... 
di 
hy ... 
o l .. 
lllt.. 
hill ... 
iL. 
ap ... 

·····1 . .. .. 

17.0 
34. 7 
22.6 

6.7 
10.0 
0.4 
4 .8 

2 .3 
J. 5 

14 .3 

16.9 
32.7 
19.2 

2. 1 
9. 1 

3.8 

I .4 
0. 5 

12. 8 

10. 7 
42 .4 
23. 0 

3.9 
1. 2 

4 .5 

1.0 
0. 5 

23.6 
0 .9 

18.6 
39.5 
13.2 

2.3 

I. 5 

0 .4 

29 .3 
2. 2 

25 .6 
34. 7 
3.8 

2. 0 

0 .9 
0 .6 
0 .7 
0 .2 

32 .8 
36 .4 
5.9 

10 .2 
0 . 1 

5 .6 
5. 0 

I .8 
2.2 

35 .0 
29.3 
15.8 

I .3 
3.4 

6. 4 
3 .4 
I . 7 
I .8 
I .9 

2 .4 
2. 0 

34 .6 
36 .4 
13.2 

6. 0 

3. 0 

1.4 
1. 0 

9 

53.3 
16.4 
2.2 
4.86 
4 .7 
4.5 
2.8 
3.7 
3.3 1 

1.0 
0 .7 
0. 2 
I. 73 

99 .4 

10.9 
5.2 

23 .8 
25 .7 
8.5 

18.5 

3.5 

2. 1 
I .8 

I . Horn blende dio rite south or Shi ngle Creek 
2. Hornblende bio t ite di or ite sout h or Sh in gle 

C reek 

6, 7, 8, 9 A nalyses or 4 bas ic fl ows overly in g 
the Shin gle Creek porp hyry lo the southeast. 

3. H ornblende granodio rite south or Shingle Creek 
4. Hornblende biotite granodior i te north or Shingle 

Creek 
5. Average of I 6 analyses or the Shingle Creek 

po rp hyry 

6. T rach ya ndesi•e 
7. Andesite 
8. An dcsite 
9. A ndesite 

All analyses of Table lX we re done by the rapid method by G. Mensah and 
S. M alone in the laboratories of the Geologica l Su rvey o f Canada . Norms were 
calculated using the procedure o f Wahlstro m (1947) . A bbreviat ions used are: 
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Q quartz di di opside 

C corundum hy hypersthe ne 

o r 

ab 

an 

ne 

orthoclase 

albite 

anorthite 

nepheline 

ol olivine 
mt 
hm 
it 
ap 

magnetite 
hematite 
ilmenite 
apatite 



Table X 

Comparison of Coniposition of Specimens from the Nee l? and 
Dyke Divisions (excluding large sanidine crystals) 

Si0 2 FcO Cao MgO Na20 
l--------l-----1-----1-----1-----1-----1-----

--- M e_a_n _s_D __ M_c_a_n _s_D __ M_e_a_n 1_s_D __ M_e_a_n _ s_ D __ M_e_a_n _s_D __ M_e_a_n _s_o __ M_e_a_n _s_D _ _ M_e_a_n j_s _D 

Neck _____ 71.3 1.2 14.8 0.3 I . I 0.1 0.56 0.1 5 0. 9 0.4 0.9 0.3 4.2 0.4 4.4 0.3 

D ykes ... 70.7 1.6 14 .7 0.4 I . I 0.2 0. 60 0. 13 0. 8 0.5 0.7 0 .3 3.8 0.4 4. 1 0.4 
1-------------------------------

Differ-
ence ... 0.6 

S ignifi-
0 .1 0 .0 0.04 0. 0 .2 0.4 0.3 

ca nce NE NE NE N E NE NE NE NE 

Table XI 

Comtwrison of Composition of Specimens fro 111 th e A /bit e and 
Oligoclase Phases ( excluding large sanidine crystals) 

Si02 FeO Cao MgO 

Mean SD !Mea n SD Mea n SD Mean SD Mean SD Mean SD 
1

Mcan SD Mean SD 
------------------- --- ------------------

A lbite .. - 71 .6 I. I 14.7 0.4 1.1 0.2 0 .54 0. 10 0. 6 0 .4 0 .7 0 .2 4 .1 0 .5 4.3 0.4 
O ligo-

l 1 .6 4.2 10.4 c lase 70 7 15. 0 0.3 I .2 0 . 1 0.60 0. 16 I . I 0.3 0.9 0.4 4. I 0.3 

Differ-
e nce. __ 0.9 0.3 0 .1 0.06 0. 5 0 .2 0 .0 0.1 

Signifi-
ca nee NE NE NE NE PS NE NE NE 

Tab le XII 

Comparison of Ph enocryst Counts for Rocks from the Neck 
and Dy.ke Divisions 

Qua rtz Sanidinel Plagioclase Ma fie M ins. Matrix 

Mean SD Mean SD Mean SD Mca n J~ Mea n SD 
--1-------- ------

Neck ·········· ··· .... . . . . . . . . . . . 8 .9 2 .6 2.8 I. 3 23 .0 3.7 I . 7 0.6 63.8 5 .6 

Dykes . . . . . . . . . . . . . . . . . J0.4 1.9 4 .7 3 .3 26.7 4 .4 2 .6 0 .5 55.7 3.5 
------, 

D ifference . . . . . . . . . . . . ....... 
I 

I . 5 3.7 3.7 

I 
0.9 

I 
8 . I 

Sign i fi ca nee __ .... NE IN£ NE PS PS 

10nly sanidinc crys ta ls less than I cm across were included 
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Table X III 

Com parison of Ph enocryst C ounts for Rochs from the 
A /bit e and Ol(<;!oclase Phases 

Quartz San id incl Plagioclase I Mafic Mins. Matrix 

Mean SD Mean SD Mean SD Mean SD Mean SD 
------------------

Albitc .. .. .. 8.7 2 .4 3.8 2 .5 24.1 5.3 2 .2 0 .8 61 .2 7.8 

Oligoclase . 9.9 2.7 4.0 2 .7 24 .6 4.2 2. 1 0.6 59 .5 5.5 
---

I 

Difference . I .2 0 .2 0.5 0 .1 

I 
I. 7 

Significance ... NE NE NE NE NE 

JOnly sa nidinc crystals less than I c111 across were included 

Table XIV 

Optic Axial Angles of Sanidine from tlz e Shingle Creeh Porphyry 
(see Fig. 13) 

Albitc Phase Oligoclasc Phase 
I 

Speci-
Core Rim Mean I Speci- I Core Rim 

I 
Mea n men No. men No . . 

----- ---

50 30 30 30.0 27 30 28 29.0 
E 73 13 ncl 13 .0 38 26 27 26 .5 
c 162 28 20 24.0 J7J 14 I l 12.5 
K 174 34 31 32. 5 

248 34 34 34 .0 

175 24 28 26.0 179 32 33 32.5 
192 30 30 30.0 196 35 32 33.5 
270 37 39 38.0 285 41 43 42.0 
28 1 36 34 35 .0 260 40 40 40.0 
313 38 31 34.5 288 28 30 29.0 
343 29 33 31.0 294 31 31 31 .0 
348 32 33 32.5 296 43 42 42.5 

D 365 30 27 28.5 362 31 34 32. 5 
y 441 37 37 37.0 478 36 34 35 .0 
K 467 33 27 30 .0 01 37 34 35.5 
E 484 32 32 32.0 04 38 38 38 .0 
s 489 32 28 30.0 05 38 32 35.0 

496 29 30 29.5 07 37 37 37.0 
497 29 30 29 .5 08 36 34 35 .0 

03 36 37 36.5 010 40 38 39.0 
06 34 36 35.0 013 33 34 33.5 
011 25 24 24.5 
012 43 43 43.0 
014 36 40 38.0 

NoTE: Values for the core and ri111 of speci111ens 204 and 273 in which both albitc and oligoclase 
were found arc (2 1, 20) and (37, 36). 
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Table XV 

Comparison of Optic Angles in Sanidine from th e A /b ite and 
Oligoclase Phases and from the Neck and Dy/le Divisions 

A l bite O ligoelase Neck D ykes 

M ea n SD M ea n SD M ean SD Mea n SD 

31 . 3 6.2 33.6 6.4 25 .2 8.3 33.7 4 .9 

Difference ... 2.3 D iffe rence ... 8 . 5 
Sign ificance .. NE S ignificance PS I 

11 n this compar iso n the variances a rc significantly different at the 5 per cent level and the ' t ' test is 
therefore not strictl y applicable. Since th e omission or the two crystals showing exception a ll y lo w optic 
angles renders the va ri ance or the two groups simi lar at the 5 pe r cent level but docs not reduce th e signif­
icance level of the difference in means below probably signiAcant , this signiAca nce leve l is considered 
estab li shed. 

Tab le XVI 

A lpha R efractive Index Measurements on P lagioclase 
from the Shingle Creek Porphyry 

Al bite Oligo clasc 

eek D y kes Neck D y kes 

Speci-
R l Spec i- j R I 

Speci-
Rl 

Spec i-
R I 

Spec i-
R I men men men men me n 

I J .5302 19 I . 5288 29 I . 5372 35 I .5405 IOI I .5 393 
3 I .5285 20 I .5284 30 I . 5397 38 I. 5388 102 I . 5361 
9 I .530 1 2 1 I .53 10 3I I. 5392 37 I .5382 103 I .5374 

12 I .5296 23 I .5287 32 I. 5379 38 I . 5386 104 I .5394 
16 I . 5273 34 I. 5399 40 I . 5386 J05 I .5393 
17 I .5296 60 I . 5278 4 1 I . 5392 106 I .5384 
18 I. 529 1 61 I . 5283 68 I .5388 -----

62 I . 5309 69 I .5407 85 I .5388 107 I. 5389 
44 I. 5299 63 I .5290 70 I . 5389 86 I .5388 108 I . 5385 
45 I. 5287 64 I .5286 7 1 I. 5388 87 I. 5387 109 I. 5384 
46 I . 5288 65 I .5295 72 I. 5379 88 I. 5391 110 I . 5389 
47 I . 5308 66 I . 5294 73 I . 539 1 89 I. 5398 II I I . 5379 
48 I .5304 67 I . 5303 74 I .5404 90 I . 5373 11 2 I. 5394 
49 I .5279 75 I. 5380 9 1 I . 5388 113 I. 5395 
50 I. 53 12 76 I .5386 92 I . 5382 11 4 I. 5388 
51 I . 5292 77 I . 5395 93 I . 5390 11 5 I. 5383 
52 I .5279 78 I. 538 1 94 I. 5382 11 6 I .5425 
53 I. 5280 79 I .5386 95 1 . 5406 11 7 I. 5391 
54 I . 5292 80 I. 5379 96 I .538 1 11 8 I. 5390 
55 I. 5287 8 1 I. 5398 97 I. 5392 11 9 1 .5394 
56 1. 5308 82 1. 5389 98 1. 5388 120 I .5380 
57 1 .5290 83 1. 5405 99 1 .5386 
58 1. 53 10 84 1 .5389 100 1. 5394 
59 1 .5288 

N oTr: Spec imen numbers below 43 corresp:)llcl 10 thos? in Tabl e VI 11 sho wing 2V (a lp ha). 
Intermediate va lues 1.5343 , 1.53 18, and 1.5326 were not us2d in the com par iso n or alb itc a nd 
ol igoclase phases. 
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Table XVII 

Comparison of the A lpha R e fra ctive Indices of A /bite and 
Oligoclase from th e Dyke and Nec k Divisions 

A l bite Oligoclase 

Mea n SD Mean SD 

Neck .... I . 5293 0.0011 I. 5390 0.0009 

Dykes ... ........ ..... I .5292 0.0010 I .5388 0 .0010 
--

Difference ... 0.0001 0 .0002 
S ign ificance ... NE NE 
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Table XIX 

Comparison of 2V (alpha ) for A/bite and Oligoclase 
from the Neck and D31k e Divisions 

I Al b ite Oligoc lase 

Mean SD Mea n SD 
-
N eck ... 89 3 70 3 

D ykes .. 86 3 72 I 5 

Diffe rence 3 2 
S ignifi ca nce .. s NE 
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P AGE 
Age re la tions 

M arron Formation 
Post-Triassic plutonic rocks 
Shingle C reek po rph yry . 
Sh ingle Creek va lley .. 
Springbrook Formation 

7, 12 
4-7 

5, 7, 11 
45 

7, 8, 11 
17, 45-47 , 56, 57 
I , l 7-20 , 22. 25, 

32 , 43 , 53 , 55-57 
l 3, 14 

13 
5, 13 

13 , 14 

Agglomerate J, 6- 12, 
A lbite phase 

An a lc ite . 
Anorthoclase ... 
Ap atite 
Augite 

Biotite 

Ca lc ite 
C ha lcedon y .. . 
C hilling 
C hl o rite 
Cobbl es 

.. .... 5, 7, 13, 14, 16, 27 , 47 

7, 19, 46, 47 
7 , 43 

32 , 45 , 50 
5, 7, 14, 16, 27, 47 

5, 8, 10, 12, 45 

Di ori te 4. 6, J 2, 46, 57 
Dyke (div ision ) ....... I , 7, 8, 17-20, 25, 27 , 

3 1-33 ,4 1, 43 -46, 49-5 1, 55 

Epidote 

Faults 
F lows 
F luo rite 
Fossi ls (p la nt) 

Glowing avalanche . 
G raded beddi ng 
Granite ( fine-grained) 
Gra nodiorite 4-7, 12, 

H e ulandite 
Hornblende 
H ydromica . 

Inc lusions ( mineral) 

M agnetite 
Marron Fo rmat ion 

Microcline 

5, 14 

11 , 46, 54, 56 
10, 13, 14, 45 , 57 
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7, 8, 

18 
12 
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14 
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5, 7, 13, 46, 47 
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5 

P AGE 
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43 -45 , 48-50, 53 , 55, 57 

Nort h d yke J, 17, 18, 25 , 32 , 46, 
47 , 53 , 56, 57 

Oligoclase phase 1, 16-20, 22 , 25, 
32, 43, 53 , )) , 57 

Out li ers (porph yry) 1, 7, 11 , 46 
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Albite l 7, 19, 40 , 41 , 49, 50, 54, 57 
O ligoclase ... 19, 40, 4 1. 49 , 54, 57 
Periste rite 49, 54 
Pl ag ioclase 5, 7, 8, 14, 15, 17, 19, 

24-26, 39-4 1, 49-5 l , 52 
The rma l sta te (Al-Si 

distributio n ) 
Zoning .. 

4 1, 49, 50 
5, 14, 39, 47 

5 P yroxe ne 

Quartz 
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2, 5, 7, 8, 10, l 1, 17, 
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A l-Si distribution 30, 48 
H eat trea tment 30, 33-39, 48 
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O vergrowths . 27 , 28 , 52 
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R esorptio n 27, 28 
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Springbrook Formation 4 , 6-13 , 45, 56, 57 

Thomsonite 
Tuff 

Valley (Shingle C reek) 
Vo lca nic cone 
Volcanic debri s 

Zircon 

14 
I , 6-13 , 45 , 46 

1-3 , 45, 57 
1, 12, 45 , 57 

1, 5, 11 , 12 , 17, 45 

5, 7, 39 
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