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'Abstrect'

— ,

- The Dunnage Melange, located in the Central mobile' belt of the

.‘Appalachian O‘rogen 1in north-central Newfoundland is host .to, several
L 4

- suites of igneous intrusions.' I‘heee include . mafic through fels_ic_

dikes, stocks, and batholiths_ ,ranging -in 'age from Earify Ordovician
throu'gh Jurassic. - ‘ :

The tectonic .environment “and mode of 'origin of the_ Dunnage
Melange, as- well _as the origin and significanoe of its intrusions,
have long been a subject of controversy. ) 'l'he purpose of this study

s e

was to exalnine the field relationehips between the’ intmsions and the

'host relange; end the geochemistry and petrogrephy of the .intrusion_s, o

in the| context of this controversy.

’
A4

It-was conclu'ded that the meiéng‘e end itsiirltx"UBions vere part' of

) a complex and dynamic igneous, sedimentary and tectonic system, ‘the
'local history of Hhich vas". characterized by peneconteq)oraneOus

',sedimentation, block faulti,qg, olistostrome deposition, intrusion, and

4 l ‘ t

sediment sluuping and‘ sliding in Ordovician “time. The earliest

Intrusions are mafic tholeiites with a chemistry indicative of a.
. X ]

"tensional environment intetpreted to be related to back-arc _baainal-

y rifting.. The . vDunnage_ "Formation _ vas then " intruded',“

penecontemporaneouely with sedimentation‘;and meian'gé forn'\at-ion, by ‘a .

suite -of " sili_cic rocke (the Coaker P_orphyry.) that have’ a_eedimentar'y

-source. ' ese intrusions were'followed closely in- time by a

caf c-alkaline guite’ that was derived from an igneous ‘oF mantle source.,




&

'-_Po_rph'yr\'y are 'interprete__d_ to have taken pi_ace in a bac

0“ a.‘_regio;_ml scale, melange formation and intrusion ‘of the Coaker
k-arc setting

'dpripg the Early -oi'dovi,c'iari Subducthn of_. ._:he ' lreadiln'g edge of the

continental margin of North Aperica, vith partial melting of sediuenf._s"
. . L . . . ) . T s . v .

: f_rqm the continental mr'gin_givin_g;r_ise ﬁo']‘.arge quantiti—es ‘of silictc

magoa ’ that permeated the overl‘ying tantle wedge, Later ;ulc-_alkaline

magmas were derived from the. partial - melting- of r.h:[s‘ éohtaninéte_d_

- mantle. . : S .
- . . -v . : - . .
"
L
~ .
{
' -
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Chapter 1
Introduction

-

The Dunnage Melange 18 a prominent and: controversial componeat of

the central: ‘mobile belt of the Appalachian Orogen, located in the_

northeasternmost extension -of the oxogen, on ..the Island of

Newfoundland, : . : co .

The Dunnage Melange 1is host to a suite of felsic igneous

intrusions. The Coaker Porphyry is unique-to the northeast portion of -

the melange terrane, whefe it cowprises gpproximately’ ;)né third pf the

outcrop area. Minor mafic intru-s'ions, the ‘Puricheon Diorite and the:

Grapnel Gabbro, also occur in this area, The southwest portion of the

Dunnage Melange was intruded’ by gabbro sills which, togetl?er with

blocks of gabbro in the melange, are correlative with the New Bay

~

Gabbros in the adjacent Exploits Group. The age, abundagce, physical

characteristics, and distribution of these :Lnt-rml.iqmi'T suggest that

they were penecontemporaneous with, and possibly related to, melange ’

formation (Willlams and Hibbard 1976). :

r

The Dildo Porphyry is a suite of Late Ordovician dikes and stocké_

that intrudes surrounding formations, but is absent, oddly, from the
: .

‘Dunnage Melange itself.

»




Page 2

‘A' suite of Acadian batholithsl‘ (the Loon Bay 'granodiorites) and

. associatéd dikes and stacks intrude the southern and northwestern part
of the melange. Diabase dikes of probable Devonian age 1intrude .the.

: melange -161, a swarn perallel to Uildo and ReacH Runs, .The youngest
. L 4

intrugions in the area are Jurassic ~lamprophyres that permeate the

‘Notre Dame Bay area.

1.1 Statement of problem -
'S L]

~-'I'he, purpose. ‘of th_is- study 1is twofold. g Fir.stly\, it . s _a" ’

petrological ~study of several suites of ignelous"roc'ks', to 'determine

their . Bources, ‘evo_lu_t_ion,. ‘modes . 'of enplacement - and

"interrelationships. : ".The Coaker Porphyry in particular is an
A) : N .
- intereeting rock, with its abundant- ultramafic xenoliths, muscovite

iy and ' ‘garnet- phenocrysts, ' and spectacular interactions with the hoat

' . fudstones of the Dunnage Melange matrix.

The second purpose of thia study i‘e the',d'etemination- of_ the
"physical and temeral relationships, between the intrusions and the :
- format'ion of .-'th.e' Dunnage .Melange. It is also. “hoped .tha‘t the
: petrogenetic ,part . of the etudy'woulo -h.elf "to-elucida'te_. the ,tectonic
. environment of formation of the melange. The‘tecto‘nic eignificance vof
) t‘he'. Dunnage- Helange' “has | \1ong been a 8ubject of dispute, with the
"theories of its or.igin ranging from that of an . olietontropal depositl.

" in - 2 fore- or back-arc basin to tectonic defomtion in the trench’ of..
"a subduction.'zone. . 'The conclusions reached have hndv 'n profound

influence \on the ,n@o'de‘ls. "by  which - the geologic history of central -

LIRI

Newfoundland has been ii\terp*reted; ‘




4

l.2 Methods

) ‘_-..'_Page3‘

Two summers of field work were . und'ertaken, during which the

relationahips between the 1ntrusi‘ons a'n'd" t'heir host rocks vere

Btudied distribution of igneous _rock types were mapped contects

_between the- northeast part of the Dunnage Melenge and surrounding '

units were examined and samples were collected in the Dunnage Melange :

- . e -

and surrounding units.
Fol_lowlng recognition of the importance of mud-magma interactions -

in ' the Dunnage Melan_ge, -similar and well-docnmented occnrrenees in

Wales and Ireland were . 'exaﬁined during th Geological Society of A

,London '8 conference,' "Volcanic Processes 1n Harginal Basins

L T

Thin'seetions.— of the samplea' were en'amined' for _th'e: ' petrograpf\ic'
part of' t_he_, . study, . microscopic observations were supplemented by

electron mieroprobe data, obtained using a fully'.automated. JEOL .

JXA-SOA electron ptobe microanalyser. N

Trace elementa, 1nc1uding rare earth elements, were nnalyzed . by
x-ray fluoreaence, using a Phillips 1&50 automtic X-ray floXescenc.e
spectrometer. Major -,elements we.re analyzed by atomic . absorption

(fe'rk)in Elme'r'360). A whole-roc—k Rb/Sr isochron was obtained for the,

,Coaker Porptwry by maqs spectrometry.
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' _. . '-1-.3ll-:orinat'of _dissertétion _ o '_ . /
C ' .' ; ."I'.h.e_, fi.ré:A.part of this -ré_port, C'ha.pt._ers 2-through 5., is coﬁce;né_d
witi\ _.‘the_.prese.nt'ation"a'nd 1ntérrpréta.tion. of field relationships, and
previous work, Chap'ter 2 sets lthe stage' with a dgscr‘_iption of the.’
geologic _se_tt'irlxg, .o/f' the Dunnage Helangg and the .%gneous'r-ocksj under - e
stuz.ig.r.'_ lChépi:_er_ 3 is an outline of previoué ._and. current ‘work in. the . o @
'area.‘A The b'ehaviouxj of the igneoué. x;ock' 'auring emplacement is P
discuﬁaed in.:C!.xapter 4. Chapte_r 5 presents ctgcluéions based on the
.materi‘al. in Chaptéfs- 2 through .4.,:z.nid discusées' the locai geologic
history of"th.e Dunnage Melange as inr_f:rpretéd accoz;ding t6 - these
-conclu'sio;'ls_. : | -

The second part of the dissertation deals with thé - petrography, -
- geoche_mistfy, and _petrogeneéis of the igneous rdcké under Astudy: .the
Coaker Porpﬁyxy (Cﬁaptet 6)’. . e Dildc;- P:I)rphyry and Loon’ B'ay- suites
.o (Cheptgr' 7), and the mafic r.og's (Chapter 8). ‘

o : . . .
Chapter 9 summarizes the main points of the study and draws

together the field and éetro'genetic 1ntérpretations into a unified

story.




g

Geologic S,e!:ti'ng.of the Du‘nnage_)&elanéé and its Ihtmsions

) Thg igneous ro_qks that i.n-t'r\‘xde.d' 'the'- .Dunnage .Méla_ng_e ..are_ the °
principle subjects of this _'diissertat‘ion_,‘ aa;' well "as ;‘1nttugio’ns' .
. ocqurring in neighboring units and the rocks' that q'e,rvei iasj hc;sts o’
these intrusigns. This -c..hapter is a brigf overview of the.g.f;c;:'logy'nnd'
geologic setting of the Dunnage Melange, and fhe ignebus_- ‘e_nvixfo;ment'
of which the intrusions are a- part. For further infdrma_tion on. thigil

materfal, the reader 1is referred to previouys 'work; .only new -
. : ( . . o .

o N .
information and observations are presented in detail in this section.

2,1 Regional éetting

The Dunnage Melange is located in the nortl;n;central part of the
Appalachian orsegen in Newfoundland. The orog-en L-n N‘evfov..np.dland has
been divided into four ma jor tectonost'ratigrapﬁ_i‘c-' ‘zones_. (Will{ams
1979) (fig. 2,la)., The Dunnage .Zone, -nalpe_d after and 1hc_1ud1ng the
Dunnagé Melange, consists of early Palaeozoic wmafic =~ volcanics;
obhiolites, atrd marine sediments, and comprises the r.e_mnants of the
ancient Igpetua Oceanq. . The Humber Zone r_o.the vént is the: anci.ent_
éontinenFaI wargin of North America, the easternmost part \qf which was
deformed agd métamorphosed during Ithe emplacement of  the Taéonic
allochthons. onto the continéntal margin during early to middle

Ordovician time. ‘The Gander and Avalon Zones to the -eaét ‘are

enigmatic nuspeét‘ terranes (Hilliam‘ and Hatcher 1982) whose




'

Figure 2.1 The Appalaéhian Orogen 1im Newfoundland .

<

5.3 The Appalachian Orogeﬁ.ih_ Newfoundland
has béen dividéd. _ ingo four ma jor
tectonostratigraphic zpnes (Villiaﬁé 1979):

.1j The Humbew Zone - anéient ;o;tinental
margin of North America

2)Dunnage Zone = remnants of Iapetus Ocean

3)Gandgr aﬁd Avalon. ioﬁes - _-ﬁdssible
.continental fragments annexéd éqto North America
following the.clootng of the Iapetus Ocean.

' N

B. A schematic cross-section (Early—Hiddle.

Ordoviciaen) depicting a generalized modei for the

formation of the Appalachian Orogen, showing

proposed location of the Dunnage Melange,
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'frelationships to the Appalachian orogen are poorly underhtood; '?hey

are 1nterprebed 48 continental masses from the eastern side of the

Iabetus'Ocean,(see'CoLeman-Sadd-1980, 1982).- . (

.fhe.Dunqage.Zone is underlain by an ophiolitic basement that 1is
_expoéed‘ _along the western edge of the.zone, and in a horst in the
cen:ral part of the zone (Haworth et al. 1978,. Strong. 1977, Dean .
-1978,~ ‘Lorenz and Fountain 1982).. Thick piles of Lover Ordo;ician.
voicanié‘an& volcaniclaétic chkd in the westérn and central parts of
the Dunnagé Zone have'beén unive:pally accepted as Having.fotged in an
.1sland arc environment (see Hibbard and _Wiiliams 1979 for completé

referencess.‘ ) R o ‘:_ ;
) ) ] . -
_ . o

The Dunnage Melange is part of an assemblage of arqfderiyed
.basinal sediments that lies toriﬁe east of the_islénd’éiqfvolcanics.
'Previous Qorkers have disagreed as to ;hethgr this-baqinal assemblage
. _was located 1in & féie-arc or a back4arc:pbsition. The advocates of a
fore-arc environmeﬂt based their concluaiono on the presencé of the
~Dunnage Melange 1tself which they 1nterpreted to be analogous to -the
Francigcnn_heianges! formed in Fhe ;;ench_of a west-dipping subduction
zéﬂe_ (bewey.'1969;~ Kay 1976, McKerrow and Cocks j9785._ Hibbard and
;Willigms (1979).advocaped that the Dugnage Melange 13_5; _atc-flaqkijs
olistostrome - ra:her than a ﬁreqch-till.nelange, but were unable ;o‘

»diétipguish between the fore- and back-arc environments on the basis

" of local relationships.
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<.

The bulk of regional gvideﬁce 'favors‘ the now videly-accepted,
model for Newfoundland in which closure of the Iapetus Ocean was
"effected by an eastwardeipﬁing'édbduction zone located along the Béie

' Verte Lineament (fig. 2, Ia) (see Coleman- Sadd 1983. for discussion)."

This model places the Dunnage Melange in -a back—arc setting (fig.

L)

2.1b). , C o

J

. 2.2 Geology and local setting of the Dunnage Melange

The Dunnage Melange occuples an érea nbproxihately.ho km long and

up to 13 km wide 1n the Bay of Expldits ares of eastern Notre Dahe Bay

\

(fig. 2.2). It is part of a stratigraphically and structuralIy

-coﬁplex assemblage of island-arc volcanic and arc-derived sedimentary
focks ghat r;nge in agetfrom Middle Cambrian through Silurian. . The.
litholgles comprising the Dunnage‘Helange are pre-Caradocian,_and the‘
melange is one of several distinct pre—Carqaocian assemblages in  the
eastern Notre Dame Bay area.‘ The geology of theae assemblages and
\their possible relationships to the Dunnage Melange (stratographic or
facjes equivalence, source of melange 1ithologies) are summarized in
Table 2,1, and discussed in section 2,2.3 below.' Th; pre—Caradocian
assemblages arg overL#in by Caradocian blaqk.shales, distal turbidites
and minor chert, followed by flygch sequehcgs ihat pass upwards (not

—

without complications!) into Silurian terrestrial red-beds.
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F.iguro__; 2.2 T,h;e- Ba'ly of Explo-’its"'region. Modified fi‘om _Déan 1978. 3
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TABLE 2.1

Possible Sources and Stratigraphic Correlatives
of the Dunnage Helange :

- AGE~ LITHOLOCIES - RELATIONSHIP TO
AND UNIT _ ] - DUNNAGE MELANGE

'Exploits Group Mafic Tea Arm Vol- Interdigitates with SW portion of

canics, New Bay the Dunnage Melange, which 18-
? to Caradocian Rormation: tuff possibly a distal equivalent‘

turbidites, New Bay Formation + Dunnage
: conglomerates, . _Helange matrix, but is coarser;
- greywackes "  Lawrence.Head =~ volcanic blocks -

>~ (HBibbard and Williams. 1979)

Summerford Volcanice, Carado— Fault contact against Dunnage
Group . clan|argillites, Melange on New Morld Island.
slumped argil- Possibly share common source of
Tremadocian(?) 1ités, limy tuff, lithologles, or represent the-
to Caradocian  arkose same formation but with different
‘ L K © . structural history. -

. - . . .

Dunnage Melan‘ge See tables 2.2 and

§ 2.3
Mid-Cambrian
" (blocks)
Tremadoclan o )
(matrix) ' T -
Arenlg . P : o
(blocks) to A .
Caradotian . o ) S i
Loon Harbour - Mafic volcanics, Possibly same sources as Dunnage
? to. Caradgcian chert, Caradocian Melange; could be stratigraphic ..
~ (Dean 1978, argillites . equivalent of Exploits Group,
p 107) o R - emplaced as a block \(Dean 1978,
- o LT A p 168)
Tw,illingate .- Mafic Sleep} Cove . Separated from Dunnage ‘Melange
Moreton’s *. - Formation, tfondh- and other rocks by the
"Barbour jemite, wvolcanics, Chanceport Fault. May be sourte
- Cambrian to ? - tuff. turbiditea, or slmilar to.source of Cambrian
- C . dike swarms . | - pillow basalts, tuff turbidites,
- .+ . trondhjemite in the Dunnagé
B . Helange : .




a

2.2.1 Geology of the Dunnage Melange ~, - - -

S :I,'he'l,)unnag_e' Melange 1§ a- chaotically dipmpted L‘mft_ consisting of

- an’ ihhomogeneous se.diment:ary- mairix,' lacking conéiatent or con_tinuO_\-\& )

v
1

bedding, that supports a large number of clasts and b'Ioc‘ka tha-t ‘are -

i

. inhomogeneous in lithology and diatribution. Clasts and blocks range

in size from granulat ‘to dimensiOns of up to a. kilometer across, Ia‘nd '

- '

comprise less than 302 of the melange. I_able '2.2 _qleteils the mtri;'(

-types, and Table 2 3 the types ‘of blocks and' cl-&st.é, tbat- _were

.' Idbqe.tved by‘ the huthor. ‘Localities are shown on t:he map, figure 2 3.
. ‘fé' A - .
('l‘he matrix ie most commonly a dark massive, non—fissile mudstone with

\

coarse, , ~anastam aing

l_‘he' predomlna block types are mafic¢ volcanics (mostly.tuff8,~

:, '-agglomerates‘,. piliow 'brecctT', and 'pillow baaalts = types la, 1b, and
: ld), greywackes (type 2a), and carbonates (type 3. . Notably abse_nt»
' SR . '

from the Dunnage Melange are ophiolitic litholog,ies serpéntinites oxr

other‘_ul_tranafi(:e, -lay_ered _gabbros, ‘and she(!éd .dike’s.' Gabbrés' in the

- s'ont:nwest ) bortion . of" the melange are related to t.'he New Bay Gabbro'

"e1lls rather than to ophiolite (Hibbard 1976‘p. 37). Chronite has

not been observed in the melange. matrix, Pil,lov lavas and minor chert ’

occur in the Dunnage Melange, . btit these litholgies . alone a_re’ noq

sufficient evidence fot am. ophiolitic sour 'for the melxnge.

Fcr-'furtl_ier _de.écx:ipt'ion of the Dunnage Melange see Hibbard and

- I

Willfams (1979). - s - .

cleavage (type -1), or cobbly mudstone (type 4). :




. Type R T -0

l) Dark massive nrudstone, non-fissile, with a)
coatse,,irtegular, anastamosing cleavage, b)

- 2)

3

'5)

TABLE 2.2 .

\‘%nage Melange Matrix Types . -

»

f'ew ‘or no clasts., . » ]
a) With abundant pyrite nodules
b) mnganiferous ’
with siderite porphytoblaats .
d) with graptolites . o
e) with' sparse large blocks’ but few
or no small chst:s )
f) micaceou,e oot
'g) silty ST

.'e)

Stteaky, variaghted mud;tone, u8uaily a "

combination of any of black grey,

red. .
a) discontinuous, coutotted bedding
b) isoclinally folded and k,ink-banded

8 reen,

Mudstone - gteywacke combiuations

R PN
.

‘Fleld locality.

"(See map fig. 2.3)

77 83 229, 522 544 367
154 L73 a79

96 N

879.- .,

One of wost abundant'

Te)
dy

-mttix types, partie--. :

. .' ular’ly on New World I.
£y 63
g) 63 212 238 271 279

B

'Ext'temel'y" common matrix .
" type: 30,64, 81,83,84,
- 85,86, 98 250,278, 323
3310 503 561 645 654
692 730

&) well-pregerved sand .- shale. inte -‘a) 209 284 344 374 415

beds persisting for short’ dis-
_tances (up to 10 m)

‘diseontinuous lenses, broken and
boudinaged beds, of siltstone and
-'saudstone in mudstone '

- b)
Cobbly

a)

Tob)

mudstone

swarms of rounded and angular
cobbles -in mudstone

volcanic breccia with mudstone’
métrix, commonly gradational into
volcanic blocks -

plutonic pebble conglonetate
stretched pebble conglomerates or

<extreme boudinage of beds

c)
d)

Intermingled mudstone and non-brecciated

- mafic volcanic extrusives

a) pillowed flows
_ b) ropy lava
¢) tuffg and ash flows -

- . -

2)
|C)

) ad;179,254,235,493.
 432,736,766,767 ,868 .

?

most abundant
types

a),one of
patrix
b) one  of most apundant
matrix types
a47,a51,a53
Peculiar to SW por-
tion of the melange:
“Michael ‘s Harbour,
Embree.

c)
d)

450
65.
310,311,312,314,316,
340,341,399,401, 405,
448,450,451,455, 500
615,674,668,669,672,
673

b)




TABLE 2.3

Dunnage Melange Block 'I‘);pes

Type

1) Mafic volcanics
a) plllow breccia

b) tuffs and ag‘glomérates

i)coarse, unsorted, agglomerate,
some with argillaceous matrix.
(See matrix type 4b)
11)coarse, poorly-sorted volcanic
breccia with glassy or frag-
mental volcanic matrix
111)tuff with graded bedding, some
intruded by parallel dikes,
. flmilar to Moreton’s Harbour
Group
c) scoria
d) well-developed pillow basalts

Y -

1)with carbonate n%sostasis

i1 )variolitic

mssive basalts, comonly mineral-
ized with pyrite, chalcopyrite
amygdaloidal volcanic glass_ bleba :
in calcite matrix

mixture of: massive and pillowed
volcanics containing.pods of horn-
blende diorite and trondhjemite,
volcanic breccia, and carbonate
breccia

Field Localities‘
(See map fig. 2.3)

a) 16,78,89,90,330,361,"
468,530,539,572,588,
713,721,786,830,852,
874,923,a34,a48,a62

b) 205,242,276,302,618,
633,651,771, 833 848
a3l

b~1) 332,452,586,70?,386

b-ii) 149,263, 1485 770

b-111) 112,290,291,621,
834,836

c) 216,696,846

d) 28,53,167,169,272,277,
328,362,383,421,456, .
465,481,516,520,610,
612,643,651,683,711,
872,875,834,a49,a7!

d-1) 59,89,90,469,548,

659,685,737,786,a75

d-11)201,289,467,532,578,
, 642 675 685 851 896

eJ 34,62; sz 99 a84

f) all9 \

A\
\

See 5d . \
8) See . \
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TABLE - 2.3 - (continued) 7
Type o .- " .. . - Field Locality
2) Clastic sediments. = - . . ST cL e
' a) greywacke - o -~ .a) .68,74,1¥7,231, 271,285,
;o “410557847&95 i
1) massive o " " a-l) See 2a o S
11) bedded ° - o T a-ud) 238,926 T o
"111) with shale fragments a=-111) 281,772 ° RN
. 1v) interbedded with, shale . a-1v) 286"
b) wmassive or ‘bedded mudstone T b). 72,154 -
¢) clast-supported platy pebble oo e) 351 T
conglomerate . S o
. 3) Carbonates - R s 206,207,213,239,265,293, "
- : Co o 341,407,413,432,466,499,
572, 629 672,693, 695 a59,-
) o -a67a69387
. a) highly ‘recrystallized dolomitic - a) 60 63 143, 146 592 604‘
o carbonate breccia . ‘ e o .
- T " b) carbonate breccia with argillite, b) 7Y :
I . matrix - o L E o
- . ¢) cone-in-cone structure ° ' - e) 237 %
"~ d) bedded carbonate sandstone . -d) a4é
4) Chert.~ Blood-red jasper breccia in & = 645 '
matrix of magnetite and mangsnese oxides,
. with minor malachite. Adjacent to .
mineralized diabase dike (chalcopyrite,
pyrrhotite, pentlandite), Both chert
LT block and dike were mined approximately
: 50 years ago (E. C, Small, pexs, com. 1982) - : .
5) Siliceous and/or plutoni¢ igneous rocks . .
a) gabbro, diorite " 'a) SW Dunnage Melange .
- b) Coaker. Porphyry ~ : ) t .
{) small cobbles in conglomerate b-1) 403, 619 '
“11) breccia in argillite matrix  b-ii) 399 a93 .
¢) trondhjemite v _ .c) a47,a51,a53 o
d) hornblende diorite and trondhjem+ d) 48,52,56,812,917 - -
-ite associated with block type . . : SR . :
(1-g) above - C - : ' BN
. .
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2.2.2'Contacts

‘ (I'he Dunnage Helange is bOunded to the east by the Reach Fault, to
the »south. by the Loon Bay batholith and to the ‘Jest by the Long"
Island batholith.‘ To the west the melange 1nterdigitatea with _th,e"-' :
* ghost ;

) sediments' and -volcanics of \the Exploits Gtoup, 'where'

etratigraphy within the melange reflec:s Exploits Croop ) stratigraphy‘

-l(Hihb_ard~ 'ah'd Williams 197-9) . The base of the Dum;age Me].ange is noti'
éip08eo. To the south on’ Chapel Island th7e melange passes .upwards .
© “1into the . Chapel Island Pomtion (described below,- section 2, 2 2&2)

.- To t_}_xe north it. 1s _1':_1' contact vith he- Caradocian Dark Hole:

!-"or_mati_.on .

“The following 1s «a descr‘iption of ) the "'c_on:a'ct-s 'between ‘the,

'Dunnége ‘Melang‘e 'bﬁd ‘the Dark Hole Fomtion, the Holmes Point and '

Reach Faults, ahd a newly d'iscovered unit on. Chapel Ialand based on

observations by_'the authqr :

2'.2~..'2'.1’_D\.}nnage Melange - Dark_Hole'Shaié . '

The Darklﬂiiole Formation ‘was named ‘and, its | contacts, with ‘the
.Dunna'ge Melange deséribed bi H-orne'(l-969)'.‘ .Thé con;&ccs‘ have ‘been
variously 1nterpreted as. conformable (Horne 1969 Mcl(errou anid"Cocks

o

1978, Karlstrom -et al. 1983), unconfornable arnd faulted (Kay 1/976),

- and locally conformable (Bibbard and Willians 1979) 'l'he contants are. :

[ ’ '

exposed from- uest to east, on’ southern Farner’ 8 - Island Dark Hole,‘

_' and intemittently along the s_outhem coast pf eastem Nev Horld-

Is;and_.apd the northein coas_t of "Coaker islhn&,‘ Cont_:act,relationshvi'ps’ :
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are best exposed on a shoreline traverse from Dark Hole southward.

The ‘Dark Hole shale 1s & verticallr-dipeing, N-facing distal
turbidj_te rhar 1a characterized by 1aoc11m1 folda, ti\ghtly ¢renulated
Aeleavage, -phy_llitic fabric, and a silvery sheen i_ndicati\re of the
.derelepment 'o'f.' secondary -muscovite. These 'feat'ur_es are consistent
".from 1ocaltt1es as widely separated as Farmer 8. iaianr‘l arrd Coaker
Island. On Farmer 8 Island Dark Hole shale locally contains abundant
limonite'cubes pseudomorphic _a_fte_r.. py_rite. On New World .Ieland_,

carbonate concretions are common. -

, : . . N .
The matrix of the Dunnage Melange near ite contacts with the Dark

) H.ole' Shale is typica'lly 9f _type_ le " (see Table : 2.2), . cont_aina :

. anastomosihg veinlets of ailiceeu'a nateri'al.,' and is b_lack.

'I'he contact between the Dunn.age )telange and the Dark Hole 'shaie

'is laterally and atratigraphically- gradational-. Passing from DArk .

.Hole shale through the transitiou to Dunnage Helange, the" fqllowing

o

'changed gceur: . - C ‘.

,1)'- bedding -bec.'ome.s pl"q'gresaﬁrrely 1'ess~dipti_nct..-

2) v’ei‘ning“becqne_s: more abundant,

3) the colour darkena - the ailvery sheen of the Dark Hole-

) (v Y

1]

. fades out and

©

'4) blocks occur locally.




: Porphyry are not found 1n the Dunnage Melange. .
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Deformation (shearing, folding, crenulation) does mot increase

noticeably from the'Dark.Hole'shale to the me'lenge, ‘possibly because
1itt1e structure is discemable in the relatively mssive, non-fissile

mudstone characteristic of the melange matrix at the contacts.

’

One part-i;:ulariy 'puzzling charec'teristic of the contact 1is the

'difference : between igneous rocks on either side of it. The Da‘rk Hole

2

shale is intruded by tiny stocks (usuaIly about 3-to 8 m across) of

intemediate to rhyolitic composition (the Dildo Porphyry - see_.

-se_'ction 2.4). These cut across bedding and are found right up to the:

'.contact_. R SOuth of Dark Hole, they accur in tiny patches of Datk Hole'

shale that are- sutrounded on three s-ides by _D\_mnage Melange, ~and

'perhaps totalIy engulfed by the melange. However, 'intrus_ions .ot Dilgio o

"The Dunnage .Helange contains ' abundant intmsiom' of Coeker' .

?orbhyry,. -some_ stocks of 4ehich: ccur near (but not on) the contact on

,.'.Coaker Island. -Coaker'Po'rp’hyty_ ‘18" not 'found~ outside ; th'e' Dunnage :

'-Melang:e.‘, B g

The Dildo and Coaker Porphyries (aee Table 2 4) are dfstinguished '

in,;_p_art by different degrees.of ulteration., The Dildo Porphyry

‘:suffered a more pervasive alteretion than did the Coaker Porphyry, anci"

[

_i't"-""broken end strained quartz phenocrysta cont_rast with-the

T

__unstrained phenocrysts of the Coaker Porphyry., -These : differencea, T
' coupled 'with the extensive developnent of secOndary mscovite And a

. phyllitic febric in the Dark Hole shale, indicote. 'that. the Dunnage'.

,"Helange,»'-"' a_nd‘ the Dark Hole ahale were 'e'qu_sed-'_to, conttast’ing




‘—environments of deformntion and hydrothermal activity.
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Because the

Dark Hole shale and the Dunnage Melange are lithologically gimilar, as

. are the Dildo and Coake: Porphyries, diffetences in the responses of

contrasting lithciogic ‘types ' to similar environmentai conditions is

.nbt'a 1ike1y ﬁxplanation of the obse;ved -differences between these

right up to, but not actoss, contacts.

Holmes Point and on. southetn Chapel Island is p unit ‘of bedded

} vertically—dipping, B south—facing siltstones, i -sandstones, end

' logging roads.’

units.'

ddltbodgh there isfho cbvious iault'sessrstidg.the-Dunnege'Melsnge
and the Dnrk Hole shale, and’ lithologies are similar (see discussions .
by Hibbard and Williams 1979 Karlstrpm et _sl.'- 1983), the factors.
discussed above indicate that displacement. between them has taken

place. Patticularly critical is the lack of younger Dildo Porphyry 1a .

'the older Dunnage Melange,-and the occurrence of the Dildo Porphyry .

»:Discusaion:_ cencernings .cﬁis. possible - displacement and
interpretations regarding its-significance are reserved for Cheptet 5.

Ce

2. 2 2 2 Dunnage Melsnge T Chapei ‘Fcrmatioq (new "informal . neme- -.

definition in preparation)

Located between the Dunnage Helange and the Loon Bay Batholith on

-conglomerates, uamed here the Chapel Formation. Ib is best exposed in

L . Y . -
. .

ﬂits widest portion in central Chapel Island -whete 'accesq is,'by

v
. O




“

~

' poaaibly' correlative withj the - Dark Hole Formation although it is'

“ind{cate that the nelange_forns the core of an_anticline,
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The Chapel Formation 1e folded {nto. open,. loéfamplltude folds.

S

“LIt s . characterized by graded bedding,' small kup'ito 25, cm)

soft—sediment faults that locally displace bedding, and amall-acale.

- slumps that are moat prOminent in conglomeratiel!?%zons. It passea

dowh—aequence into cobbly Dunnsge Melange. It is thermally altered by'

of the Chapel Formation is impoaaible to aeaesa because- the unit is

‘ truncated by the - batholith, although 1ts maximum exposed thickness is'

) approximately 2.§.km,.

No. fossils have been:dlacovered in the:Chapel,Formation. It 15-

i .

‘coarser-grained_~and '.doea _ mot dpoaéeaa ',the phyllitic . tsbricf

‘chataeteristic of _the' Darkfyﬂole"ahale; . "The ;contactﬁbetveen'the

" melange and the Chapel.Formation appears to bé'éonformablef;

.

. Theiéontacta,betneen.-thed Dnnnage 'helange and a south-facing

' younger nhit_to the sonth and a north~fdcing yonngen unit to the north

L
.6

2.2.2.3 The'Reachhand'ﬂolmes_foihi Faults

The Reach and Holmea Po&nt Faults (Kay 1976) separate thé Dunn%Fe

Complex"-to the aontheaatw' The Boyd s Cove Complex of Kay (1976 map

¥, a,

' notes)' in part' corresponda’ spatially .to. the’ Chapel Formation;

however,_Kay 8 description does not correspond well to the appearance

;. of the‘Chapel Fornation: '"Boyd 8 Cove Complex._ greyvacke, quertzite,

] the intruaiop of the Loon Bay Batholith. The stratigraphic thickness,-

Melange from Silurian atrata to the esat, and from the "Boyd 8 Cove"

S
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¥

and rhyolite intruded by -basalt; 30 m band of) plutonicsy pebble -

.conglomefa:e...; complex mylonitizea ;towgrd ) Regch Faul; on
southeast.y The Boyd’s Cove Complex is _dppiren;ly a compination 'of'
Chapel Formation and cataclastized Dunnage Helange and Coqké;
Porphyry, Use 'qf the -;efm "Boydfé Cove Complex" .%hould be’

v

discontinued.

"Thg Réach Fault . is a b;oad.fault zone, the effects of which can

be observed dctoss a2 km zone. The community -of Boyd ‘s Cove South
sits on highly sheared Duhnage_Mélqnge and Coaker Porphyry which :give
way to the north to sﬁeared'piliow Baialts and bedded sediments. The

transition from Dunﬁage iithologieb'to the volcanics is taken: to be

the locus of the displacement.

The Holﬁes Point'Fauit appears to be a ‘minor splay off the Reach
.Faulg. It 1s manifest as a shear zone in Boyd’;'Qa;bour, buf *is not
.obv;ous-;t'Bolmee Point, unieﬁs‘iﬁ occupies the site 9f a Eobble beach
" that séparates the Dunn;ge,Helahge-from the Chapel'Formation. It was

‘not observed on Chapel Island.

2.2.3_Posq1blg sources’ and stratigraphic equivalents
' l 1

Vel

aqsemblagés 'in the eastern Notre Dame Bay area.  These assemblages,\ .

The Dﬁnﬁage Melange -is one ‘of . several distinct pre—-Caradocian; -

deseribed. in Table 2.1, are the Sleepy Cove - Formation/ Tvillingété

trondh jemtte/ - Moreton’s Harbour sequence, the New Bay Formation and

the Lawrence Head Volcanics of the Exploits Group, and the Loon

Harbour Vo%Fénics. An. ov%rview of the geology and stratigfdphy of




‘t'he'se units can be found in Dean (I978).
. Of these assemblages, only the i?xpléits Group 1s 1in unfaulted
g¢ontact with.the Du'nnage Mel’ang;;. Hibbard and Williams (1979) regard

‘the melange as a digtal, disrupted e'quiva‘lenéhof'the Exploits Group.

. R

. The ‘Summelrford \Gr:)up (Horne 1970) 18 a structu'ra_lly ar.xd
lithologically comple;( unit expos.ed on_southwest New ;Jorld Isll;nd and
Ion.Farmer's Island. _It is. faulted ;gainet the Dunnage H;_Iange on New
.World 1Island,” The Sumerford Group {is characterized by localized
débris flows, ef:.tens.ive slump ‘folding, and large volcan’ic blocks (tens
of:.meters: across) in" & volumetrically minor mat;rix. Horne (197(');’
personal _commur.lica-tic;n‘l982) p'a‘:_a 's.uggested that Suxlme_x"fox;d Group and
Dunnage '-Helpﬁée_' l'i'thqlo‘gliles' ‘may hav‘e. A- common source, and that
"fragpentaiion_ and néix'ing of ti\q .t’.w.o units were a result of the same
} qplij.sc_:;de'(s)‘. of '_1,oc,a1 insthbi'lity. Volcanics of th.e SumerfordVGfoup
am;‘ll'r.he Du‘nnfige Melange ‘are_chem'ically identical (J. Wasowski, pers.

com. 1983), . ¢

, 'I'h"e Dunnage _Heliang'e is. sepérated from the Loon HArbour Volcan_ij:é
‘to  the south ,by'the. Loon Ba"y Batholith, "l.(ay'(l975) had interpreted
the Loon H‘qrb‘t;ur " volcanics to be Cambro-Ordovigian ocea‘nic * crust
forming the base of the Dunnage H_élangt-. However, this udit appears
.to_be' identical to the _pre-Ca'radoci;u island arc volcanics to the

.lw'est,, and 1s overlain by Car_adocian black shales (Dean 1978, p.‘ 107).

a C . - .




.

JPage 23 |

'The oldest rocks in the area are the Cambrian plutoni¢c and
. Lt ‘. .
volcanic rocks of - the Twillingate trondhjemite and the Sleepy Cove
K3 - .
Formatibn, ﬁhich form the basement to the Ordovician Moreton’s Harbour

Group, an assemblage of volcanic and volcanogenic rocks, Theaeurocga

Bre.separated frbh the younger sequences to the south by a major .
fadlt, the Chanceport Fault (see Dean 1978, p. 77). This assemblage

or an gduivalent one,was-d "likely source of sqmé“ of the Dunnage

.

Melange claste, '1néluding' trondh jemite cobbles in the Boyd's Cove

plutonic pebble conglomerate, mid-Cambrian pillow basalts (Kay and
. S

Eldredge 1968), and graded tuff-turbidites intruded by parallel dikes

resembling the distinctive Moreton’s Harbour Group.

2.2,4 Younger units 7

. \

The Duﬂnége . Melange and other pre=-Caradocian assemblages of
) @ . .
eastern. Notre Dame. Bay .are overlain by a fairly uniform unit of

-

Caradocian black shales, distal turbidites and minor chert, of which

the Dark Hole Formation is an exaﬁple. Locally 1pterﬁ1xéd with the

lovermost horizon of the Dark Hole Formstion {8 a conglomerate (the
. K4

. Cheneyville Conglomerate) that includes clasts of Coaker Porphyry (Kay

1976). The Dark Hole Formstion passes up-sequence into - the prqximél

turbidites of the Sansom Greywacke (Horne 1969), a posf-Caradocian

v

flysch sequence. Poat-Caradocian' through Silurian unita_ on New World
Iélang have been structurally repeated, and include horizons of
Silurian melange: The'stratigraphy and structure.of New World 'Islggd

are currently undergoing extensive study by several research teams and

have suffered numerous teinterpreta;iqna and name—-changes.




2.3 Igneous setting

The majoriiy of intrusive rocks -in central Newfoundland are
Silurian or younger and are associated with the Acadian orogeny.: Of

"tﬁe'blder (pre-Ca:Adocian) intrusions, many are related to ophiolites

‘.

d;-';re .parfg‘ of. the basement to the isiénd arc, These rocks are
' granddibriigs, tréﬂ&hjemités, tonalites,: and quartz diorites and
16cldde the‘Iwillingate trondh jemite, the South Lake Igneous, Complex,
adﬂ'silicic'rocks:ass;ciaied._with tﬁe Annigopsquatch Ophiolite of
Dunning (1980). The ophiolitic _Lu'éh‘s Bight Group is intruded by the
Colchester and'Hellméh’s Cove plutong.: The latter contains ultramafic
xenoliths (Dean..1978, ‘p. ’lll):.as "does the Coaker Porphyry. The
pfe-Cafadoéian 1sland.atc—reiated -qequences care 1intruded by small

\

granitold stocks, the 1aréest of which 13 the Burlington Granodiorite,
whicp appear t; .be. éub-volcanic 'eq;iGalgnts of as;ociated felsic
éxtrpsions (Dean 1978, p. 109). The most abundant rock type
intrusive into these assemblages, however, are mafic sills, such as
the Ned Ba;- Gabbro. Of.fhe”rocks'intruding the Dunnage Melange and
vicinity, the New Bay. Gabbfo,- the Puncheon 'Diorite, tﬂe Coaker
Porphyry: and the éfapnel Cabbr; belong to the group of pre-Caradocian
‘intrusions of Notre Dame Béy. - $lightly younger (Caradocian to

Ashgillian (?)) are the stocks comprising the Dildo Porphyry)

Chapter 5.)

The granitic rocks of central Newfoundland, most of which are
Silurian and Devonian, have been divided into four groups (Strong

}981):




_ '{: 1) . ) .the: hornble_nd'e-"bearing . suites,
) Characterist.icaliy' . intrusivé -1nto . shallow - crustal © .levels.

/

Post-Orde'ian granites -of tbis type are abundant in the Dunnage - Zone.

/

Older suites occur in the Avalon Zone.

' 2)-'bi'otite'—b_-earing' granites - and granodiorites,'. : most . commonly

-

intrusive into amphibolite fscies rocks of the Gander and eastern

Humber Zones, lesa commonl-y into lower-grade rocks of the Dunnage nd'

Avalon Zones. Ages range from 1(40 to 312 Hs.

£y
v ’ B - . - e : e

-3) muscovite +/- biotite granites .are- characteristic 'of the

“*+ "Gander Zone, are ?ﬁmrian in age, and appear ‘to be a result of 1o situ

partial melting ..

4) alkaline-peralkaline granites are Silurian to Devonian in a__ge.

and 1ntrude the margins o£ the orogen. . o .

-

tectonost_ratigraphic zonation -of the 'orogen, and is intetnreted to be.

a reflectiorn of crustal differences among the zones (Strong and -

Dickson 1978, Strong 19814 The Dunnage Zone 1is characterized largely

- ’

by the occurrence of the hornblende-bearing granites of which the Loon

Bay and Long Island granodiorites are examples._ Because the Loon Bay .

and Long Island Granodiorites are cogenetic (Strong and Dickson 1978)

and because a granite in western Notre Dame Bay is also called the -

Long Island Cranite,- the names Long Island Batholith Long Island‘

Granite, and Long Island Granodiorite should be discontinued and both

bodies of grsnodiorite should be refered to as- belonging to the. Loon'

. Kl

-

Bay granodiorite suite, Related to-the Loog Bay granodiorites is a

. «
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' The distributfon of these . granite_ types . reflects the

a
Leh




.

:1983), 1in. the Buchans area (P Stewart pers.A com.

(Reynolds and Hurthy in press).

“in, Stanh.ope is probably part of this suite.

2.4, D_:létx’ibution of igneous rocks in the fleld ares. -

’ suite of small dikes and stocks that intrude the. Dunnage Melange\ and .
.Butrounding units.
T e

Diabase dikes occur in sub-mlrallel swarms throughout the Dunnage

A ]

'-'Zone, ’ and “have. been observed 5. southern Newfoundland (L. Chorlton, _'_"

pers. ‘com. 1982), eastern White Bay (H. : ,Uiiliems pers. com.,

' '

the, South Lake Igneous Complex (Lorenz and “Fountain ''1982), .and’ are -

abundant 'in the Dunnage Melange. Theae dikes". are poasibly part of a

. suite of alkalic diabase Hikes that arKabundant in the - Gander Zone

‘(Jayasinghe_ 1978), that have dn Ar(loO)/Ar(39) age of 375 +/- 10 Ma

N

. ¢ P

,r‘elated to - the qpening of the Atlantic Ocean, occur throughout Notre )

,'Dame Bay (Strong and Harris 1974) A smll number of these dikes cu't

the Dunnage Melange, and a nephelinite sill (co,ncorda'nt with cleavage)

~

‘ '-'I’able’ 2.10 ,p're'sent's a sumary pf “'the 1gnec§18 ’rpoka "‘.—under

discussion in t‘his dtssertetion. » - ‘. ' - N

(g8

Sills of New Bay Gabbro intrude the New .Bay Formation and the

‘

'.southwestern portion _of the Dunnage Melangel(ﬂibbar.:d 1976 p. 3.

"i'he Puncheon Dioxjite occurs as small .sfocks on northwest Chapel'ls,la'nd' “

(Poncheon . Kend) and Pomeroy’s lsland, The G't_jepnel Gabbro occurs as

small sto_ckh on Pyke Island and -at t'wo‘ locations on: ~central Chapel .

o « . . - ~ < . ,
4 B . RN

v

E Page 26

.1983), within

Mafic alkalic dikes and- "lanp'topbyric dikes of Jurassic a‘ge,

’




-

’ 'Igneous‘i‘;nt‘ruai_ve Rocks in the Field Area

AND MODE OF
-Nev.i. Bay . - :gabbro sills.
- Gabbro - - -7
Puncheon diorite-
Diorite | gabbro stocks
Grapnel . phlogopité.
Gabbro - ‘gabbro stocks
Coaker dacite to
Porphyry  rhyolite
i stocks,dikes
Dildo- - . andesite to
Porphyry - rhyolite
. - stocks,dikes
'‘Loon Bay graﬁodioi‘ite
suite ro tonalite
. batholiths,
associated
R stqcks,dike_s ’

Late dikes diabase - °

slkalic
suite -

- - INTRUSION. °

TABLE 2.4 -

<

ROCK TYPE

1

dikes

lamprophyric

,and
nephelinite
dikes

-
.

]
-~

" LOCATION
New Bay Foi'matioﬁ;
SW Dunnage Melange -~

". Puncheon Head on Chapel
Island, Poméroy’s Island

Pyke' Ieland, |

Chapel Island

NE Dunnage Melange

Dark Hole Fm.
Sansom Greywacke, Cobbs
Arm Fault Zome, = .
Summerford -Gr.,
Camphellton: shales

Bay of Exploits ’

-

°

throughout Dunnage and
Gander Zones ' o

Notre Dame Bay "

-
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© -APPROXIMATE

AGE

Early -
Ordovician
Eérly
Ordovician

in range
Arenig to

~ Caradoc

LLandeilian

Caradocian to
early Silurian

éarly Silurian -

v

Devonian

Jurassic
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Island. These three rock types are the only pre-Caradocian mafic

rocks to intrude the Dumnage Melange, and comprise a volumetrically

v

minor portion of the intrusive rocks in the melange.

Coaker Porphyry inttudes the northeast .portgﬁ of th;/\ﬁage

Melange, wher; ri; comprises approiiﬁma'tely ‘a third of the tot outcrop’
area. Individual ,1ntrusior}§. occur mosl commonly as irregular atocks‘
that are weakly elongat/e ’{.n a northeast-southwest direction. Coaker
Porphyry 1s not found outside this area. It 1s diatinguisﬁed from

" other silicic i'ntrusilo"ns _in ‘the eastern .N_otre Dame Bay area by the
1ar’ge slize and high concen’tration o'f. 1ts_. component intmsioﬁ;., its

intmsive. cha;racteristics (Chapter ~4), the occurrence of ultramafic
and mafic.x'enolitbs, and its distinctive géochemiétry {Chapter 6).
Vith the exception of the Loon Bay -granodiorites, the Coaker l{orph_)'!'y

1s the volumetrically most significant intrusive rock type in the

field area.

The Dildo Porphyry ogéurs as small stocks and dikes in . the Dark

Hole Form&tion, the lowermost hori.zon's of the Sansom Greywacke, the
. o ) »

_Cob_b's Arm Fault Zone in Fairbanks, the Summerford Group, -and the

iCampbellton Shales south of the Duhimge' Melange. It is not found in

0y

the Dunnage Melange.

'
a
S

The Loon Bay: 'granod;orite suite 18 composed of two b_atholit‘hs

that ©  intrude the Dunnage Melange and ° younger “rocks of the
post-Caradocian flAysch. .Geomagnetic data indicate the presence of‘ a’

’

third batholith of this kind underneath Farmer’s Island (Geological

& : .
S_urvey of Canada 1964a,b). Rocks oqn Farmer’s Island’ are, baked : to
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:greenachist grade, and Loon Ba); dikes in the area are common. Dikes
i . ) )

assoclated with the Loon Bay grsnodiorite intrude the Dunnage Melange,

the Summerford Group, and the San‘som Greywacke. '
’ . ’ . . (1

Late dikes of the Devonian diabase suite are abundant  in- the

’ P

-'Durmage Melangg,' where r.‘hey occur {n swarms para'llel to Dildp and

. .

Reach Runs. - ' -

2.5 Summary._ .

The Dunnagg Melange énd its in.’r.ru'si;ons_ -are -iﬁterpr_gted as part of
aon arc-flankirig b:asiﬁa.l' Assemt;lage in a -gt‘u.\tig"taphical_iyt énd_
strtic;turaily complei part of ihe.D;xnmée Zc;'rxe. . 'l'he Dhnm;ge" Hela,nge-.
. probably correlates stratigrapbically with some of thé intact and
disrupted pre-Caradocian- assemblages in 1its imrediate vicinity;
others are possible sources of lithologies found within the melange,

Complicatgd contact relationships exist between the Dunnage Melange .-
. . - .

and surrounding units. Intrusiona within the Dunnage Melange and

neighboring units belong primrily to the volumetrically ninor gr'oup.

of pre-Caradocian intrusions intrudin,g island arg and ophiolitic units
in Notre Dam_e Bay. Younger igneous rocks in the area belong to the

family of Acadian calc—alkaliﬁe.gran_ite's ‘of central Newfoundland, to a

wide_spread suite of Devonian diqbase ciikqs, and to the suite of

) Jurassic lampréphyres .




' 'Cha'pter 3

Previous and ._Curr.ent_-' Work ~

) ' ." . . ‘f ' ’ .
The emphssls of thts chapter will be ‘on previous and current work .

pertaining 't-o the igneous petrology of the Dunnagé Melange. For a.-

'more general survey of work done in the Dunnage Melange, the reader 1. .-

._referred to’ Hibbard (1976) and B.t'bbard snd Williams (1979). :-';g

The first detailed mpping in the area was done by Beyl (1936)._':1‘
c,
'gave‘ detailed desctiptions of the Loon Bsy and/ l,ong Ieland .
Batholiths, and of the numerous varieties of associated dikes, as well_.
'_'as_ a description of the gabbro (the New, Bay Gebbro) thst intrudea the,"_'_-

~southwest portion of the melange. He mentioned and hriefly described

'.'the oligoclase pdrphyriee (the Cosker Porphyry) that are older thnnj

B

’ and 1ntruded by the batholiths. Although he did not -recognize --the'. o -

'chaotic nature of the melange terrsne, he did remark that ‘ln places,_‘ .

..the rock "breaks into 1rregular chunks "

Patrick (1956) mppe'd the distributibn ‘in the Co:n.fort Cove' areal' .

of, 1ntrueions , which he 1nterpreted to be Devonian. Theee included,
qu‘artz ,diori_te ‘porphyry, quartz and/or- feldsper porphyry, snd- -a

. mottled- uarlation' -'of, ‘the quartz diorite porphyry (sll ‘of. which ate-

probably different forms of the Coaker Porphyry), in addition to.- the-'_-. _—

granodiofite of the Loon Bay Batholith. He 1nterpreted the Loon Bay.‘._

’

granodiorite ‘to" be a, more felaic equivalent "of, 'h porphyries.-, .

’ (Actnally, , the Loon Bay grenodiorites are leas felsic than thc Coaker
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Porphyry ) Patrick alao noted the deformed and heterogeneous nature of

E the melange . mdstones and referred to the ,-melange as 5._ slunp_ _—

. breccia

Uilliams (\1963) published A map of the Twillingate map area on
‘Iuhich ,he‘ depicted . Coaker‘ Porphyry as Devonian porphyritici
,. glr,enodio'_rites.. In 1964 he reported K/Ar age dates of MO m, y. 'a'nd,
?450 n.p-. -. for the Long Island snd Loon Bay Batholiths, respectively,'
' and noted that these Otdovician ages contradict the field observa.tion -

that these - batholithe intrude younger (as young ‘as Silurian) rocks. ’
c.) ' .

A,

Helwig,’in 1967 estsblished the strstigraphy of _the E,x-ploits~
Grbup, and’ described the gabbros of the New Bay Fomtion, includlng.'

gabbros in what is now considered to be pert of he Dunnage uelsnge

<

(Horne 1968, Hibbard 1976, p. 37).

- .

Ksy and Eldredge (1968) defined the Dunnage Formation ss a

'sedimentary (mainl boulder-bearing n:udstone) and volcenic unit.- 'I'hey h

'Inoted the lack of regulsr bedding snd the presence of ! gravi'ty slide'l_'_‘ :

structures 'The'y 2 reported the occurrence of . Hiddle Cambrian .

trilobites (Kootenia snd Bailiella) in : carbonste associsted with s' )

v_olcanic block _on Dunna_ge I_sland,-'the type‘l lolcs]_.ity_ of the Dunnage'

- Formation.

i

Horne (1968) ‘and later Horne and Helwig (1969) and Horne (1969)'v
;gave the first deteiled descriptions of the Dunnage terrane, noted its -
.._-l-chaotic character, and oompared it with the srgille scsgliose of. .:hé;

’ Appenines. ‘. They suggested thst ' no -.nappee' are associsted with the .
Dunnage Melange, slthough Karlstrom et .'a]_.- +.(1983) are curre’ntl)"




K

-,Pége'QZ-

',a'dvo'cating' that . the. Dunnage . Helange " and -other local and regional
" Btructures are the result of nappe emplacement. 'I-Home- vi'ewe’d the,.

.'Dunnag'e -Fomtion "'being essentially conformable witb s\rounding

.

units, and interpreted the chaotic atructure _to, be a' result’ of "...°

B slumping »fro:h ’stée'p depositioxul slopes, ,triggered by seismic or.

. wlcani¢ a.ctivity in a eugeosynclinal environment. . ‘, )

'~A T o K ) . .. Lo - .- g ‘,' .. . !

Dewey (1969) proposed that the bunnage' helange 'is'. a fore-arc

:trench-fill deposit formd in a Paleozoic northwest-dipping subduction

>

-zone.'., ce s e o C o :

LY . o . v @ .
Horne (1970) discussed soft-sediment deformation (slump folds) in

" the Sansom Greywacke aud proposed that the melange uas produced by

‘.sl-iding and _nlumping- of- se_d_ipents -_as ‘a result of dip-slip fault.ing

" . .caused -by .subduc;ion. R L e N

’

:Porphyry after its type 1ocality on~ the.. Curtis : Causewny, and r.he

'Puncheon Diorite or- Syenite after its type localiby on Puneheon Head

_Chapel Island. "He . published Rb/Sr ages (454 or 480 Ma dependin}g upon

K the decay constant used - neither decay constants nor errors Here

Kay, in.a derfes of publications (1970, 1972, 1973, 1975, 1376,

unit -

. ,portrnyed the Dunmge Melang’e as  a’ féult-bounded - tectonic -
“ deformed in the trench of subduction zone.- He' algo. named.' and '
iy described ) t, igneous intruaions of t‘he northea's_t D’unnage Helang'e,:. o

'the Coaker Phrphyry after the type : locality 'o’rf -Coakér Island ;ne-'

. Caussway diorite Cauaeway xenolith—bearing phase of tbe Coaker )

reported) and K/Ar (1428 +/- 13 and 435 +/- 13- Ma) ages --for the "

[ N
,Caugeway ~xenolith ; phase, and K/Ar ages for the Loon BAy granodiorite :
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- P . N .

(372 /- 10 and 365, +/- 10 Ha).- ﬁe 'identified' boulders"uithin the‘ :

Cheneyville Gongloﬁerate-‘ss' being Coaker Porphyry, ‘and proposed an-
:erosional'unconrornity betveen.the nelange'and ‘the Cheneyvil!e-

Floran (1971), in an unpublished M. Sc. g thesis described “the

P

‘ ‘gpetrozraphy and physical characteristics of the Loon Bay granodiorite.

KD

Willisms“and Hibbard . (1976), Hibbard (1976) and- Hibbard and

"_ Uilliams (1979) reported 'their results of a detailed study of the

-Dunnage Melange. They found the melange to be - essentislly conformable

~

with surrounding units and suggested a back-nrc basinsl olistostromal

'origin for the melange. Hihbard (1976, pp._ 37 39) briefly discussed

_the New Bay Gabbros and mentioned a newly-discovered intrusion, the

Grapnel Gsbbro. He discussed the thermal effects of the intrusion of

the Loon’ Bay granodiorites. Hilliams and Hibbard (1976) suggestedn

" that. the Coaker Porphyry intruded unconsolidated sediments of thel

melange matrix, and that. intrusion'ﬁwss- penecontemporsneous with
melange formation. . .
: . Do o

N

Jacobi and Schwelkert - 1976) described morth-facing, ‘vertical - -
_ cummlste. crosa—bedding in the Punchéon Diorite. -(The cross-hedding".
',.has proven to. be_ schlieren structures.): They suggested that the"

presence of the Coaker Porphyry ruled out a subduction zone origin for :

"the Dunnage Helange. They proposed a, back—arc m&tginal basin setting

;for the melange and surrounding rocks, with the melange to rhe vest of

v

the island arc..

.
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. McKerrow'and Cocks (1977 1978) interpreted “the’ Reach Fsult as a -

mejor auture zone, with the Dunnage Helauge as a trench—fill deposit.

They revised the stratigraphic nomenclature of New World ‘Island and'

depicted . as an: uninterrupted »stratigraphic-ﬁsequence composed"

“ -

"essentially of olistostromes and olistolithsJ -

Pajari et al, - (1979) suggested.thatfihe,DUnnage and éarmanville
helanges' are correlative and, related to .post;obduction._slunpins
__aseocistedfuith nappe_tr&nsport. “ ' ’ \

: . B o ’

Current worh in thé area is concerned mainly with structural and

-stratigraphic details or ’the units to the .north of the Dunnage

* Melange. Karlstrom- et al. (1983) have extended their theories.

-dconcerning the Istructural geology of easternmost Notre Dame Bay tod
include the Dunnage Melange. fhey interpret ‘the Dunnage Helenge to "be
an- Acadian tectonic melange continuous with the melange; of New Horld‘,
._ Island and Carmanville,_and the‘ Coaker Porphyry to be a Devonian
'intrugion identical to other silicic intrusions 1in the ared (for .
exhﬁpie, on-ChangeIIslands). ‘ ’ ' B | E
Robert Jacobi and his studenta are .currently studying various
stratigraphic and tectonic problems in the Dunnage Melange. WasowskiV,-
and Jacobi (1983) reported that the geochemistry ‘of the mafic volcsnicf
blocks in the melange ii!indicative of an oceanie island origin for
these-basalts._ Jacobi (pers. ;com.' 1982 L983) proposes thet ’the
Dunnage.Helange is an ophiolitic melange despite the lhck of ophiolite

blocks and maintains that b 84 originated as  an. olistoatrome in _the

trench of a Silurian weat-dipping aubduction zonel

- . ,

.- [
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‘

éreg Horne (pers. dom;.:l982;-l9ég)ii§ cdiréhfiy .éiudj;ng;‘thé.
strucfﬁral -geology .of Ehe':Suﬁmérf;rd Gfoﬁb;_ﬁﬂ? agv§catesqtpat_;l%
rash'spééulaf;on concéfn;hé:técéonic mddeié for the gégtgfn Notre Dame,
.ﬁay ;gréa, ahd_ff;r 'kéﬁfoundiaAa based oﬁ thq'geblégy of thié area,

" ghould be auspended-untii

we have more facts.
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¢

Relatiorlships Between the Intrusions and Their Hosts

/
The relationships between the intrusioné-. and their ‘host rocks
wvere examined to determine (1) condition of the host material ‘at’ the
time of intrusion (consolidated versus unconsolidated), (2) depths of

emplacement, and (3) timing of intrusion. Factors such as condltlon' N

of host material and depth of enplacenent place important constraints

on palfnapastic restoration and structural modelling. Conclusions

based on material presented in this chapter will be discuased- in

Chaptet Sa

4.1 New Bay Gabbro

The relationship between the New Bay Gabbro and the _Né‘\& Bay

Formation and the Dummge Helange has been discussed in detail by.
Hibbard (1976, pp 37=45), - The gabbro occurs éq 'sille - ip -both .units,
supporting Hibbard’s conclusion'thaf the Dunnage. Melange ahd the New

Bay Formation are correlative. In addition to the)sills,' blocks of

s

New Bay Cabbr% are ‘“found in the melange, 1ndicating that melange '

3

formation and intruaién were penegontemporaneous. S111ls and blocks of

\ -

New Bay- Gabbro are restrlcted ro the southwest portion of the nelange.»

The intrusions,_have’ dlxtlnct chilled margins - and have aureoles of

~ . M ¢

hor‘tf_els in the host argillites ‘(Heyl 1936).




4.2 Puncheon Diorite

The Puncheon Diorite (Ray 1972) occurs as small stocks ~ on
\ -
- northwest Chapel Island and Pomeroy’s Island. The stocks display

gradational ~.textural and compositional variafions, becoming
. § P al, ' oo

progressively finer-grained and more mafic from the center to the
g peripherieg. Neér its pqriphéries;lthé‘Chapel;IsLand stoci' displays

vell-developed schlieren structures thﬁt resemble “sedimentary

v
i

croqanbédding, and were 1nterpfenea gs-such by Kay':(1976) and Jacobi

. o '
- ‘and Schweike;t (1976). Also in the peripheral areas are lenses. and

~ . 3

' enclaves of more mafic cogngfe material. | Schlieren have been

.

1qterpretéd by:'Didier l(lbzglggg,be éognafe 1qclusiogglbrokeﬁ ﬁp‘and_
;tténu;tedlsy mggmatig_processes. vﬁée %dnchéon'biorité békéslthe ﬁost
'ﬁudaéqne-'.tq; a puppie; biotite-rich- hornfels i1n gh aureolg
apﬁ}oxim;;ely 5 heters-biée. R )

)

“

The Puncheon Diorite 18 intruded by Coaker Porphyry -on both
Puncheon Head and Pomeroy's Island. On Puncheon Head, the Coaker

Pogphyty intrusion 1is & dike "with straight contacts, cutting

pedidm-grained Puncheon Diorite, indicating ,that the lattér is older

than the Coaker Porphyry,

a

4.3 Grapnel Gabbnqb

.i
The GrépneIKGabbro (Hibbard.197k, p 39) occurs as small stocks on
Pyke Island -and at.two locdtipné'on central Chapelllslaﬁd; Margins
. .t . . . .. ] .
are chilled and completely altered to an ggfemblage rof chlorite,
.o ’ ¢ 5 N : .

;Earbonate, biotite, and sérpentlne, whereas the Lntetior'ﬁoqtione are

- v




";bparser-grained and relatively fresh, ‘indicating that

B qﬁ@br%ed fluids from the host sediments. Grapnel Gébh
LT - o .
"tégether with Coaker Porphyry on Pyke Island. As qoted by HiBbag? and

-

-~

Riiltams(l979), the contact between them is irregular and comblex, and

~

" neither rock type appears to be chilled against the other, ssuggesting

)
A i

that “the .two were intruded similtaneously. Examination of thin

.- ~

E _8ections from the contact reve‘{g\ihat the Coaker Porphyry has been
bt o

baked, 'résulting in the formation of secondary biotite and the

‘elimination of volatilei from the rock, éuggesting that the Grapnel

:qabbro is younger than the Coaker Porphyry. However, the mafic magma

' ;As probably’hotier than the silicic magma, and could have produced

" the observed therma;}?;ffects even under the condition of

}' penecontemporaneous intrusion.

-

_::_‘IA.LJCoaker Porphyry

_ The Coaker Porphyry occuré in thesfollowing forms: (1) stocks,
.(2) dike§: (3)  complexly interlayered with mdstone and‘fdlded,j(h)
lbbes, in“isolation or as part of above‘typ@é, (5). breccia, and (6)

" cobbles in the Dynnage Melange and the Cheneyville Conglomerate.

- b4.4.1 Stocks

| i  Stocks are the most abundant.intrugivé form and range in size
.;'froﬁ"g few meters to about 3000 m across. They are irregular but
l.i;updga in shape and commonly have undulose, 1lobate, or' pillowed

. :fcdqtncté (fig. 4.1). Their surfaces are generally corrugated'with

‘ 7 1 :
the wavelengths of the corrugations greater than the amplitude (fig.

-
o




Figure 4.1 Lobate contact on a Cosker Porphyry sft;ck.
l Muds;one h;s eroded away frén .fhe 'cc;ntuct,
"exposing the lobate surface _of the stock. Hﬁdst.one'- '
is preserved 1in corrugationé on. t,he‘:.erosional

surface, Bi'rchy Island, ) )

Figure 4.2 Large-scale corrugations ﬂor_x. tﬁé»con}.adt surface of
a Coaker Porphyry stock. More commonly, the .

éorrugation_s have an atplit.‘u'delﬁof_'le'ss than 1 cm,
Chapel Island, west of Emily ‘s Pond. _

~— N
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‘ 4-.2). ~ Wavelength is usually a centimeter or less but locally attains
6_01‘_7 centimeters. A few stocks display cracked surfaces (fig.
4,.3), The &tocks - rarely have chilled margine and vescicles are

uncommon. Around the margins of stocks, trachytic—textured rhyodacite

Y

‘shows pronounced flbw—banding and aligtment of mica flakes and

plagioclase laths parallel to contacts.

Contact aureoles around stocks vary from non-existent to (most
commonly) a few centimeters to . a meter to the extensive purple"

1

hornfels ass;')ciated with the Céakei:"i’orphyry on Bog 1Island. On Dog
Island, a xenolith-rich -phase of Coaker Porphyry intrudes a body of
xenolith-poor Coaker ?otp%yty. The hornfels on Dog Island preserved
earlier structures (folded and cox}tprted sediments). Commonly, baked
contacts can be found only in mudstones 'surround;d on three sides by
Coaker Porphyry. Lenses of hornfels are commonly found within the
matri:.: of the melange near, but not in 'c_ontact with, stocks of Coaker
Porphyry,. sﬁggesting th.at' relative movement of materials within the
melange stripped the hornfels away from the contacts after ﬂintrusion
of the stock_.' _

4.4.2.. Lobes ' -

Bulbous or lobate protuberances of trachytic rhyodacite occur on
the sides of stocks, the ends of dikes; and the hinges of folds of

thyodacite interlayered with mudstone (fig. 4.1, 4.4, 4.5). They
range 1Iin size from about'3 cm to 4 m 1in diameté,r.' Mostly they occur
" 8ingly but in places as clusters with intervening mudstone. Co]-:only

a flow lineation defined by plagioclase laths ’and colour banding

®




’ .

y ~Figure 4.3 "Breadcrust” crické on the contact surface of a

‘Coaker Porphyry stock. Biréhy Island.

a

.
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Figure 4.% A lobate, pillow-like fold  hinge consisting of

Coaker Porphyry co\n_ﬁalniﬁ.g'di.t';cont‘,i-huoué stringers - .
of’ .mdsl't,one . (dark). . Sampie' ’ fl'“"'_' ;S_Outh' -Dildo
' Islénﬁ. i

L

'

.Figyre 4.5 ‘Rollie,d., lobé'te.fb'ld-.hipges:' consiisti'ng\'.of. .»Cgake'r _
Porphyry (1ight) 1n inu.d.s'ton'e (d_étk'). ) No'te'_t'w.g':'
detached lébes -.(und'gr keys aq‘d,"imine_dla'télly to: ithe -',

left) ‘and” gloéle'-eh‘ap’ed st‘kru'ct'ﬁte_‘(iawe'f\'c"e,n.tér.'of

= » N t. '

-pho;ograph).. .Inspector _Islaﬁd. -
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‘.'T_phr‘al;lels the contacts’ - I o CoL o

S AAIDkes s T
Dikes are 1rregular in thickness and _qhap‘e; 'in shales, they

spIit then abrupt‘ly pinch out. ‘Some términate in pillow form. Dikes

display straight, smooth, parallel contacts where they intrude brittle R

-

mat_er_ials- such as volcanic blocks and hornfels. They are composed of

'_.trachy_tic—t'extured -dacite," and some are * rich in‘ xen'o'liths-. In

oy .
’

.77 xenolith-rich  dikes, the’ xenoliths are clumped in the center of the

. dike byi'lfloq-.ségr.e-gation‘." Unliy.e-the stocks, Coaker dikes comonly B . ) s

‘have.¢hilled matgine. . . . . s

e i -

4,404 Interliayeréd Coaker Porphyry and mdd's'tdne ‘

.

Intimatély 1nter1&yered and folded Coaker Porphyry and mudstone

. _ ' . 18 the scarcest and most complex fom in which the Coaker Porphyry o

occurs, . ' o R , ST
R L. R . . . . _ a

. On Idspec‘tor Idlarld in an' area ap.proiimately 500 m long and 150
u; wide, 'a'n' el‘ong‘at.e,'~ flow-banded stock of ‘rhyolite is bordered by -
- - rhyolite dikelets l:hat split 1nto aheets 1nterlayered with the host
: mudstone (fig. 4. 6 . 4 7) The interlayered rhyolite and mudstone are'
complexly folded together (flg. 4 8 lo 9). - The . limbs- and hinges S
commonly qonsist of several layers of rhyolite and sediment’ that bear
no systemat_ic relationship to other'. fold . structures occurring

" adjacently. “I'ndi'v"id{;al lqyers display complex folding vithin large

folds, p'i_ndh, and  swell stmctures. boudimge, blfurca,t_ion, .ar;d_




pum——

Figure 4 »6 Coaker Porphyry dikelet (light) in mudatone (dark)'ﬂ L

31furcates or splitq (lower part of photograph) and_ﬁl .

breaks up 1nto 1nterlayeqed uudstone and porphyry.'
o S . " Note alao that this dikelet 13 a nhree~11mbed fold;'-

N (upper part of photograph)., Inspector Island. -

Figuré »4,7 Bifurcatton of ; Coaker ;Poipﬁyty xdikg}gt;f'

Inepgctof Island.

b ’
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1]

Pigure 4.8 Interlayered snd folded Cosker Porphyry (light)

. and - ﬁxd;tone _(dark). Core of wupper fold s
.flow’-.bandeql Coaker Porphyry containing no mudstonel,
It 18 enclosed by 2 layer of mudstone 'alnd'a thin,

. irregulafly folded dikéiét, of Cosker Porph}ry. The
lﬁer fold cons;;ts - of. 8 Coaker Porphyry dikelet l
\u.;ig an angular hinge and a core of mgtone and
Vdi.scontiuuo;u Coaker ~P§rphyry‘ layers. 'Inspecfor

Island.

-

‘ Figure. 4.9 Interlayered and 1goci1nally' folded Coaker

Porphyry and mudstoue. Inspector Island. .

&
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brecciation (fig,” 4.10, .4.11,. 4.12, 4.i3).” Rhyolite fold hinges

commonly - thicken into lothe .structnres - that ‘ldcally‘i'EOntain
subparallel, discontinuous layers of mudstonef (f1g.~ &;4)}';Other

hinges give rise to third limbefthat "extend parallel to theewaxidl

'

surface or are folded around with thezoriginal limbs (fig. 4.14

4]

4.15a). The surfaces of the rhyolite dikelets are commonly convoluted_,___

_intd ropy btructures resembling pahoehoe (fig. 4.16, 6.}7). cher

surface textures include knobbly extensions, and’ delicate wrinkles.~'
The layers show a variation from being dominantly thyolite, containing'

narrow (l mm) etringers of sediment ‘to being dominantly sediment with

narrow (2- 3 cm) stringers of rhyolite.-

. On Birchy Island,.nimilér cnmplex.relationships occur in:en' area
about’ 200 m long and 15 to 20'mfyide."Although the overall-struetnre
is of a recumbently ;folded -isoclinal..antiform (fig. 4.18); “tne

Pl

"3 internal'layering 1p chaotic. The inner part of the antiform consistsu -

of interlayered mudstone and trachytic rhyodacite, and the outer ~part
R /7

of-,messive trachytic rhyodacit; ,(fig. 4.19), ~,"I.'he interlayering
oécnrb on a fine scale, ‘iith_:anme- leyers only millimeters thick,
giving the’ robk ‘tne appehrance of a laminated shale (fig. 4.,20).
'Rhyodacite layets range in thickness up to a meter across. Individuval . .
.layers display the same kinds of disruption as do those of Inapector.
uIsland. However, the mixing of the two 1ithologiea on Birchy Island
-appears to be more thorough 1ocelly, with stringers of Coaker Porphyry- .~

.'fndinﬁ out intn'wisps end streeks-ﬁithin the mudstone. The _ resulting

' . rock resembles pnints'of two different colours’ atirred tbgether (fig.

'4.21). Spherical globules of mudstone and small cobbles from -the




Fi'g\;re\ 4.10 Interlayered and folded 'Coaker Porphyry and

e _./ " mudstone. Complex internal structure within a

-~ / .

~

L Lix_';e—acale isoclinal fold, Birehy Island. (See

figures 4.18 and 4-..20'.)

Figure 4.1l Break-up of Coaker Porphyry layers 1in mudstone

-

‘- .. along the limb of a fold. Note also bifurcation of

':the thick dikelet, upper right. Inspector Island.







Figure 4.12 Tightly folded discontinuous layers of Coaker

Porphyry in dark mudstone. Birchy Island,

., Figure 4.13 Brecciation of Coaker al;orphyry layers.,

Continuous Coaker Porphyry layers (left) break up

to form breccia with a mdstone matrix (right).

Birchy Island.,

[N
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Figure 4.14 Three-limbed fold of (oaker 'Porphyry. (Abm}e-

knife; see -arrow)._ ‘inspector Island. ,Aiso see-
figure 4.6, '

- -
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'Figure 4,15 Structure and p'toppaed origin. of three-limbed

’

folds,

A. A three-limbed fold of Coaker Porphyry . (light)-

1n' mudstoné * (dark).

]

.

.

B. -1)'Magma dikelet penetrates mud, moving in &

doin:lsl,o;ie dire'cx;ion. )
-2)‘ Mud an‘;:l magma ‘are rolled toge%her ”.duting
_qluml;i'ng:. ' . o | '

‘3) i.iquid_’ magua breaks out of the l}'il‘)ge _zEmé ~ under
‘phe'_-tnflt;énge ‘of gravity to ia_rodhcg a t};i-rd limb,

%) The th:ll.rd‘lglmb' is folded along with the first

two as slumping continues.
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Flgure 4,16 l}e,e'piy corrugated, fopy"-" surfaée of a ,C_oakei'

‘Parphyry dikelet. Inspector Island.

Figure 4.17 Twisted, ropy, pahoehoe-like surface of a Coaker
Porphyry -dikelét. Sample from Inspector Island.

T
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Fligul::e 4.18 Structpre 'nnd. .prbp-osed otiglﬁ.: of’. fglde‘d,..

"~ 'interior. . . " . |

1nterla-y'erec_l Coaker Porphyry and mudstone on Birchy '
Island.: . - - - |

‘A.. The structure consists of a rechqt;ently:-foldgd_'

isoclinal antiform with a’ massive rﬂyodaéﬁ:e

exterior and ;'nterlayereq, inié.t'ior, " and “haqi',-"an

‘.

undulqting .axtal :uﬁrfnée. » (See. figuré 4 .20~';)

f -

'

B. '1.)._lA 3111—uke. bod.y of ,c';o‘al_xe_r' Pétlphyty‘ '1nt'r{xdels .
uncongolidated ‘mix_d.-: ‘ 25_ Str}ngérs I;nd .'blebs-' of
mgm sag 'i.nt; the undexsly_i.ng mud. ,3.).'Slumpixig i _o_fll

n'n;)lt:en magm and"-wés Jwud - x‘oil]‘. - the ‘s.L_l‘l *an'd. L
,ag.e.ocia.teqn ma_te‘ri'.a‘l,a: into ‘an ’_i_soéiihal ,;n'ti;for:p, .

with a '-msail.ve .exterior ‘and /an interlayered

! 0 ¥
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interloyered dacite and

mudstone interior

M . .
P qassive dqc:te
.exterior




Figure 4.19 The Birchy Island structure. Massive exterfor

portion (left).and interldyered interior (right).

t

P

. - N
. - .

Fiqure 4.20 The 1nterla§eréd mudstone and-’Coaker Porphyry

interior of the Birchy Island  st'ructure.

Interlayers are tﬁin, producing a lamin;ted, 'sﬁaly

.~appearqncé. Hinge - of the fold 1s to the right of

"the hammer.
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Figufé &.Zl,Thbrdugﬁ mixing of Coaker Porphyry and * mudstone,

- showing the resemblaace to paint’of two different

_colours stirreq;together;V This . photograph 1s a
© closemip’ of fig; 4210 (bottom center). Biwxchy
1: ;'1slaﬁd.‘ . . . .
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mudstone occur within the rhyodacite.

4,4,5 Breccla

Breccia 1s scarce, occurring locally in association with the
sto'ck_s in two distinct forms. The first is as a mantle of breccia
gradational into massive dacite. Dacite fragments in the breccia are _

set in a matrix composed primarily of coarse, elongate, anhedral

quartz crystals with a wel’ subparallel alig@nt, ~with  minor
carBonate and wisps of mudstone:. The quartz cryltala- do not appear to
be.phenocfylta released fro-, the. rhyodacite. Some of the fragments
é“.splay a jigsav—puzzle fit near the contact with the massive body of
the stock. The breccias commonly contain small (< 1 cm) drusy
cavities. Because of the gradational contacts between t'he bregcu and
. the mauive stocks and Ehe ailiéifiution of the matrix, ﬁhe.e'
breccias ére in'terpre.t_ed‘ to be peperites, i.e.: breccias formed as a'
result of exﬁlos’i_.ve r’ei}n-‘e of gasses., (See discussion by Kokelaar\:

1982).

¢

Rhyodacite dbreccia with mudstone matrix also occurs in dikes that
cut some Coaker stocks. Siu_tilar features, developed during cooling of
visc'oue rhyolite, are described by Rokelasr (1982), who ascribes them
to the opening of cooling joints/yit_h_ simultaneous injectioﬁ of hot

fluidized mud and peperite formation.

. A third type of breccia occurs 'on Chapel Igland' near Birchy
Island. It conaists of fragments and clusters of fragments of Coaker

Porphyz_-y in a matrix consisting of mudstone and fine—grained slivers
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of Coaker Porphyry. The breccia occurs in the form of lobate,
. flow-banded mlsés (fig. 4.22) that vary in size from 10 cm to 1.5 m

across,

4.4.6 Interpretation

The Coaker Porphyry 1is interpreted, in agreement with Williams
and Hibbard (1976), to have been intruded into the unconsolidated wet
~sediments thnf. comprised thg. matrix of the -Dunnage Melange. The
evi.d;nce supporting this interpretation is as fello&u.- (l.) Corrugated
contact surche: are similar to featurél on the surface of a rhyolite
-111\ intruding Ordovician unconsolidated, wet sediments, on Ramsey
Island, Wales, described by Kokelaar (198_2). Cooling cracks on-Cuker
stocks relenl;le the "breadcrust™ structures from the Hammond Sill,
interpreted by Hoyt. .(1961) as intrusive into vet. cedinent:
~ Pghoehoe-like surfaces on some of the Coaker rhyolite layers suggest
thit both magms and host were fluid at the time of intrusion. (2)
Loljate structures appear to be amloﬁous ’ to similar structu:;s
(pillows) produced by~fhe extrusion of wmagma dnto | water, (3) The

occurrence of peperite, particularly peperite dikes in stocks, ‘is

indicative of iotrusion into and fluidization of wet .sedinenr..

The 1ntet1ayer1ng and folding of Cosker Porphyry and mudstone are
also interpreted to ha;re occurred during intrusion of the magma into
wet sediment. Th.e thickening and gxtensior; of hinges, the pinching
out of wmudstone layers within igneous material and of 1gﬂeous layers

within mudstone, .luggeat deformation of unconsolidated materials. The

igneous (trachytic) textures of the rhybluel and rhyodacites, and the




"'Figu.r‘e' 4,22 Coaker Porphyry - mudstone breccia. This breccia
' is iaterpreted to be completely dibrixp:ed layers of :

Coaker Porphyry intermixed with mud.
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lack;of'- indlca?iorm r:f"strain 1n euhedral phenocrysts of Quartz,-
-nuscovite and feldnpar, indicate that: the ltructures di&plpyed by the .
’ interlay_ered' igneous and’ aedi-entlry rocku _are prinry igneous .
features .rather. tha‘n tectonic. In this case, the follovwing. require
“.explanation: - (1) the mechanism of 1nterlayering of .mud. and lngu (l2)
the origin of_ .folding, and “(3). the persistence of very th‘in magma -

layers in aedinént. .

Kokelasr (1982) has ascribed the complex 'iriterﬁingling- of ngm '

and wmud to be the .result of -fluidizatiora of sediments by steal ._
'genera_ted' at cr:ntacts. Fluidized udi-ents offcr little reliltcnce to
intrusion,. and extremely co-plex conncts between ugnn and sediment
_ can result, becaule magas can extend unreltricted in any direction.
Fluidized sediments also - serve to imulate the nagma from i—zdinte

chilling, thus allowing the pernistence of very thin layers of magma.

The ltyle- 6_f foldirng- ind'icatep that .the - hagma and wmsud -wére
involved 1in slunmping . in an u'ncon.qlidat'e'd state. Slumping may have
been triggered b‘y.th-e inrrusion c;f _the. ug-a into lu.u'!sT at the e_dgé of )
an escarpment or o a slope. A rit\ratj.oﬁ of ugu in‘tru'a_ion’
contemporaneous with stunpin_'g is envl‘s_aged such that a _dikelet of
magma 1is folded into md'aé the combined mass of mud and magma rolls -
down a slope. Bec:ause the ‘Thyolite. 1s still -olten.. the magma
éntering the hj.nxe continues to flou d@lqn, p.roducirlxg" the third

"1imb, which may in tur@bc' folded over during slumping (fig.. 4.14b).
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Two factors suppc;rt _the {nterprétation that _the folding and

1nterlayer1ng are slope—co‘ntrolled rather.than a primary function of

N

intrusion, for example, by -quirting of the magma into mud, - Firstly,

the scarcity of the phenonenon, in contrast to the .bundance of &1kes
and other ‘simple fom\, suggests that special conditiona (ie.: the
presence of a slope) are 'r'equired for its occurrence., ' A ‘second factor.

is an apparently ‘gnvity-controlled asyametry '1n_herent in these and

_'sinilar fom 'eluuhere‘. Dikec' 1ntrﬁsive into vet aedfnents occur. on’

N

‘Ramsey Island, Hales, and near Waterford, Irellnd thut are smooth on

. theilr upper contact surflceu, and have bulbOu., udderlike protrusions

extending from the'u lower lurfncec. "1‘his uy-etry'vould appear to

be the result of sajging of the denser magma 1into the less dense’

»

sediments under the influence of gravity. On Inspector Island, the

dikelets ene_rgé from an . elongate stock, not simply sagging as they

wight in a pile of stagosnt mud, but folding into (;ouple'x forms. On

..Birchy Island, the - recumbently folded isoclinal antiforw probably

'origiﬁated as a- smp'le ;ag dik.e, in vhich its massive o\iter iayer was

‘a dike from uhich ‘the thin dikelets of its inner part emerged, the

whole unit rolling intp ‘u;a_ preaent form due to - slumping (fig.

.

4.17b).

‘Clearly, the Coaker Porphyry intruded -unconsolidated| sediments.

'Flﬁ‘idiza_tioh of sediments indicates depths of intrusion ¢f lesg than

1.6 km ~(I(oke].xa\'a.r'1982), and the -prc'nence. of dacite +«obbles {in

conglomerates in the’ wmge Melange indicates penecontemporaneous '

erosion of extrusive or very shallow intrusive Coaker units. Shallow

emplacement is thus implied.

.




4.5 D11do Porphyry

The D11¢o Porphyry 1| A cuite of mafic to sil'icic s'tocku and_
dikep that 1ntrudes the Dark Bole Shale, the . lowemost horizons of the
Smsom Greyvu:ke, the Sunnrford Croup, the Cobbs Arn l?ault Zone at
Faitbankc, and 'the Ca-pbellton Shale. The ‘stocks are snall..(3“ to 8 m

. across), and dikufs range from 30 cm to 2 m in tﬁi'ckuesu,-

hd
- ' Stocks (d dikes of Dildo Porphyry in the Dark ﬂole Shale and the .

. Sanson Gre{v}e cut across, bedding ‘and have cnoot,h contact surfaces.‘
-Their hou ledinen.tn appur to r-t'ave been con‘solidgted at the tiu 'pf-
intruston. - Rouever, uniu of Di!do Porphyry 1ntruding the Su-erford :
éroup co'-only \uve irrex_uyr surfaces characterixed by bulbous
.prc';tru'li'om and .pillov-uke lobec, 'indicntive of intruuion 1nto
unconsolidated nterinlu. Such featurel can’ be obaerved jon Par'-er s
Bud. A dike of Dildo ‘Porphyry that is charncterizéd by conplicated
intemingling vith bost sedi-_ent, and the oc_cur-rcnce_ " of pepetitet
lnt_rudes Sumetfo_rd Group ;haies contiining"Caradocian gruptolites
delcribed by Horme (1970) nt Fish Head on Far-er 3 lsland. Intruuiol;u_

of Dildo Porphyry do ‘not ‘have chilled or veaficular urginn, nor did

they cause noticeable hornfelsing of the host . rockc. v

N

4.6 Loon Bay Granodiorite &

The 1ntrusive characteristicu of the Loon Bay grnnodiorite were
studied by . Floran (1971), who noted that cataclalis and straining of
uneral grains occur at and near the contacts,_ and sugge-ted ,that'

these structures related to the o-placé-cnt of the granodiorite by
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N . . . -

forceful intrusion. Hibbard (1976, p 54) studied the thermal effects '
of tﬁe intrusion' oh. the Dunnage Melange, ‘d;)cumenti'ng the mineralogy
and grade of the 'cqritact aureole. The granodiorite produced a

greenschigt grsde baked zone approximately 2 km wide. Shales within

the’ dqreole _have a paragenesis ‘of quartz, biotite, -mscovite,

1

' cox:d_:leri't_é, and garnet. Cbaker Porphyry within the ‘aureole dis‘plgys a
number of metamorphicr c'hénges, 1nc1udfng recr_:ys_tglliza‘tion ‘of' the

‘groundiuss accompanied by the developmenC of granophyric textures, the

cryatallization of pale brown secondary biotite in clumps replacipg

Otigiml mafic pljuses, the . formation '_of, tourmaline (rare), the

elinimti,on of pltite', _anci‘ reversal of hydrothermal alteration n?d

re-ovnl ~of_ 'vqlatileﬂc_ontain%h_g phases such as carbonate.

'x'he. Loon Bay bathol:lthl are accoqunicd by svaras of fine-grnined
dikes and aull ltockl that’ 1ntrude the ho.t in the immediate vicimity'

of the'batholithn. Some of these, p:esmbly late liquid fractions of

'tﬁé‘ magaa, intrude the b’tholiths themselves. These are physically

‘ v

and geochemically' indistinguishable from Dildo Porphyry, and are
» - : : ‘

diitinguiohed only _on the basis of their close ptoxliity to tfm Loon

. AN -
Bay Batholiths. . /
4.7 Late Dikga

pt.tte\ dikes intrude the quiage‘ Helar'ige_'in a swvarm “pgrallel -to

* [
. -
. .

Dildo and Reach Runs. _Thé dikes 'r_al:.lge_ in thickness from .approx'ina_tely
Bcato Il m acro..,__":ut are most commonly about.1,5 m in width. .T'hey.

‘* cut across all .xock-types -and 'lndll’scqlé st‘:ruc_t\it_ee within the

"

Dunnage Helange, “but are affected by some of.:lg_'e "larg‘e'-lcale A';n'diaﬂ. '

-

\
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apter 5). On . Boyd‘s Island their pattern of

Reach . Fault and/ by the présénce .6f Coaker Porphyry, The dikes hawe -’
commonly amygdular, and produce a - baked zone

) cm wi'de in the hoset rocks.

indicating that emplacement bracketed the time of
than the Coaker. Porphyry. Coaker Porphyry intrhdgd the Dumnage
..Helange at ahalléu‘dep_ths ‘while the matrix of the melange vas vet and
unconsolidcted, giving rise to spectacular 'md-—ugu interactions.
L Iﬁ_trusion nppa;ently occurred during melange f?mtion. The annel
Gabbro lvn e-pll;:ed at the same time as the Coakér P.orphyry.' The
' Dildo Porphyry 1n£mded unconsolidated sediments. of tHe Summerford
Gronr',; contai.ning.Car.dociln g'taptoli;iel,vbut the Carado i.an Dark Elolé
Sl:ule'appu_rs fo have been consolidated at the time of intrusion of
_the - DilldouP'o.rphyry.' The™t Bay Granodiorite baked the host ne.l-ange
.n_a the.. Coakef Porphyry to’ greenschist grade. The Late Dikes,.
-.<:tcA>u—cur. all lithoioéies and nos't. ﬁnll-acale structures in. the’
Dunnage ﬁelﬂnnge and occur’ in a _swarﬁ paf;llleling the Dildo and Reach

‘Runs. .
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Chapter 5 ge !

~

N . Timing of Events )

This chaptér is concerned with the local geologic history bf che 

" Dunnage Melange, based on observations presented in the previous

chapters. The ages of Dunn&ge,lithologiea, the relqtionships between
: _ _ ; : .

the wmelange and surrounding units, and the nature and ti;ing of

igneous activity are examined and interpreted to produce the

conclusiond_presentéﬂ below.

5.1 The age of Dunnage ﬁelnnge lithologies

The oldest known rock in the Dunnage Melange is a volcanic ‘Block

containing the Middle Cambrian trilobites Kootenia and Bailiella in

associated carbonate (Ray and Eldredge 1968). Tremadocian graptolites

(mainly Dictyonema of flnbilliforue'type) have been collected from the

melange matrix in two localities (Williams 1972, Hibbard et al.

~

. 1977). Intermixture of extrusive volcanics with matrix muds indicate®

that volcanism was penecontemporaneous "with sedimentation (Williams

and Hibbard 1976). Areniglan comodonfs have been found in a carborate

- block in the southwest portion of the nelange (Hibbard et al, 1977)-

If the Dark Kole Formation overlying the Dunnage HelnnSe Here‘_
confqrmable, as proposed by Bibbard-and Willtams (1979) and others,
then the presence of Upper Caradocian graptolites in this ‘formatiom

(Kay 1976) would place an upper age limit on the deposition of Dunnnge

litholgies. Unfortunately, howcver, evidence exists that the contact




Page 78

is. not..conflox_'mable (see sectib_n 2.2.2.1). 'ﬁowever, .th_e cor.rel.ative
relationship between the Dunnage ﬁelange and the New Bay’ ?ormatio.n and
‘Lawrence Head Volcanics of the Exploits Groﬁ’p (Bibbard and Williams
19.79‘),___’imp_lies that the D\m-n.age lithologies should be appr'oximately

the same age as the Exploits Group correlatives - ‘pre-Caradociau.

The history of 'clastic sedimentation from Tremadocian to
Caradocian time is ‘unknown due to the lack of fossils in the D\.Lnnage

 Melange from; this time interval, - . :

5.2 Sigﬁificance of .the Coaker Porph_yry

iThe Coaker Porphyry is restricted to the northeast portion of the
e '-ﬁelange. Tkkihg Lnto.aqcount the caprices of preservation,

imited distributi:on s\;ggests a tenporal and possibly \A genetic
onsh.ip bet_:}réen the 1n:rusio.n and the melange. Several lines of
ce ipdicate that inttusion 6ccurfed' during melange formation,
at- these wer; sux-'ficial events. Firstly, some undigmpted
f’orphyry dikes cut volcanic and’ carb&mte blocks as well as the
matrix, indicating tl.\at‘ at least some of'the'.blocks had
been intermixed with the matrix at the time of intrusiom.
s assoclated with Coaker Porphyry on Dog Island preserves
structures (folded and coﬂtor'ted sediments). Secondly, the
: matrix was unconsolidated at the ;me' of intrusion of the
\'Porphyry, strongly supporiing penecontenporaneous intrusion and
_nelanf; fpmtion. " Thirdly, fluidization of host sediments as &

result 6f intrusion of Coaker Porphyry 1s inconsistent with the

.._exllteric‘e' of a large tectonic overburden at the time of intrusion,
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This évidénce, combined with éh? ,lbcali;ed: oécﬁrredcg” of dluypiﬂg
during intrusion of 'the - Coaker Porphyry, sﬁpporis an‘o;istostromdi'
rather than a tectqnic oriéiﬁ for the mel;nge. Hgiléyrése;ved contact
relationships between the Coaker }ofphyry and the host méldnge“ufé
;inconsystenF with an Acadian origin for.;hé nélangét"as 'proposed lb&.
Karlstfom et 'al kl982).A 1f mﬁlange formation hgd-occurred'aftef':‘.:
intrusion of the Coaker Porphyry, tpese units would then 6§ggr as
“blocks - in the melange. However, local separagiqn of Coaker Ponhyry.
frém its ndrnfels indic;tes that some structural activity continued..

after the intrusive event.

-

Intrusions of silicic magmas into unconsolidated sediments appear
commonly to be associated with debris flow in areas undergoing block
faulting (in southwest Wales - Kokelaar 1982, in southeast Iréland -

M. Boland, pers. com. 1982, in California - Hanson and Schweikert

1982),

A whole-rock Rb/Sr age of 445 +/~ 8 Ma was obtaine%' for Coaker
Porphyry (fig. 6.19). Keeping in mind éhé vagaries of fﬁe Ordovician
time scale, and 15 lighé of'fieldtrblagionships, this date places .the
time ;f  1ntrusion of the Coaker Porphyry at approxinAtely the
Llandeilian?Caradécign bounda;y.

r

5.3 The Dark Hole Shale and Dildo Porphyry

Hibbard and Williams (1979) present éeverni lines of evidence in
support of a conformable contact between the Dunnage Melange and the

Dark Hole Shale, the most important of which is the relative ages of
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"ﬂzﬁthél'two units (see Chapter 2) Aside from the geonetric difficulties

o,f thrusti_ng younget rocks on top ‘c_f _older - ones, the relationship

i..implied by disp]:acement at this' contdct is the opposite of those
obaerved on New Horld Island, where all mjor faults emplaced older
. 'strata_ over and- to’ the north of younger strata.

o lfl'.c;u;ev.eur--',f ia.'. l_d.icplncenen.t between .the -two units ,ig : strongiy
: 1inp'1.1.ca.teci. by the Fai'zs'enc‘e of thc. ycunget Dildo Porbh&rf in the older
_Dunnage Melange and its occurrence 1n the Dark Hole chale right up
tc'. y but cot-' ac-rocs, 'contncts. with the D\mnzge Helange.' .St'xgha.-
“relationship 'ce-éms unlikely .to have ogcurred  in a ’ confomble
\'se'tluence_; the two’ unita could not have been in contact at the tine of

intrusion of the Dildo Porphyry.

The c,bserv%d contact .relatio'pships .cocld have .occur‘r.ed. a8 a
result of. élid:ing of .the Dark Hole ,I-‘otmétion clice opto t\nc_onsolidated
Dunnage i:ds,h following tte intrusion of Dil.do Porﬁhyry Vinto the '.D.ark
Hole Formation‘. 'I'h'e. gradational nature of the contact " and the
apparent break—up and di‘.spersal of chunks of Dark Hole shale along the
contact suggest that the Dark Hole Formation itself may have been

poorly consolidated at the time of emplacement.

The age of the Dildo Porphyry plcccs a limit on the timing of the
displacement. Its age is not known, but can be estimated to be Late
Ordovician due to its distr‘ibution in the Dark Hole Formation and the
Sansom Greywacke (section 2.4) and its 1\_’1trusion into uncomolit!ated
Caradocian sediments of the Summerford Group (sec. 6;5). Thus an

earliest late Ordovician age for the emplacement of the Dark Hole

a
«
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Formation and -Sansom Greywadgke sequéhce onto the Dut:nage Melange 1s
fmplied. That this 1s an early ‘structure rather Than an Acadian

« .

structure can account for the difference in style between it and the
L] \ -

major faults on New World Island.

5.4 An Ordovician Scenario

. {
|
The propdsed mechanism for the evolution of the Dunnage Melange

and associated units is essentially that proposed by Horne (1970), in
vhich the observed soft-sediment deformation in the Dunnage Melange,
the Summerford Oroup, and parts of the Sansom Greywacke were the

result of dip-slip faulting and crustal instability.

1) Dunnage -Formation distal turbidites (?) and intermixed
extrusive volcanics were deposited on a basement possibly consisting'
of a thick pile of pillow lavas with or without trondh jemite.

***(Tremadocian - Caradocian: deposition.)**%

2) Block faulting and associated seismicity created unstable
slopes, resulting in the local redeposition of the Dunnage Formation

as a large olistostrome or -series of olistostromes. . Similar

'disturbances‘ elsewhere created the disruption of the volcanic-rich

~Summerford Group. Other 'unit:s in the area (the Exploits Group) were

undisturbed, BiocL ,faultir.x:g eéxposed basement material in fault
scarps, éreatiﬁg 8 é\ourt:e for old pillow basalts and trondhjemite in
thé- Dunmée Melange., Fractures facilitated the ascent of silicic
magmas (the Cé)aker Po-rphyry).

***(Arenigian (?) - Caradocian: block faulting, olistostromes,

~
~




intrusion)®**

" 3) Substrate instability continued, perhaps diachronously in

different areas. Local uplift of part of the Dunnage Melange resulted

in the deposition of cobbles of\ Coaker_' Porphyry onto down-dropped
portions of the melange. Siump folding and sedimept slides occurred
in Caradocian 5ediments of the Summerférd Group and in the Sansom
Greywacke (Horne 1970). The Dildo Porphyry intruded debris flows in
Caradocian black shale; of the Summerford Group and distal -~ turbidites
of the Dark Hole Formation and lowermost horizons of the Sansom
Greywacke., A slice of this material slid onto the Dunnage Melange.
What ‘happened to tl:\e sediments of equivalent age that alll‘eady should
have been on top of the Dunnage Melange? Perhaps they are preserved
locally (the Chapel Island Formation, the Cheneyville Conglomerate).
Perhaps they were displaced by the invading slice. Perhaps -they were
'incorporated into the l.nelange. ‘

_ ***(Caradocian - Ashgillian: slump folding, intrusion, sediment
. -

sliding)***

This scenario is summarized in fig. 5.1.

5.5 Later events

Later (Acadian) events are for the most part beyond the scope of
this study, and are being examined in detail by several research teams
working on New World Island. A brief summary of these events is giveﬁ

hé_t'e,. in which the timing of igneous intrusions is emphasized.

\ .)-




Figure 5.1 Ordovician - Silurian development of the Dunnage
]

P}

Hglange.
A, Pelagic sediments and intermixed volcar;ics
(Dunnage Formation) are deposited on a
Twillingate/Moreton’s Earbour-typé basement.  Reef
development around yvolcanic cones (Arenig)

contributes carbonate breccia to the Dunnage

Formation.

'B. Block-faulting causes redeposition, of the
Dunhage Format\ion as olistostrome. Basement rock.
exposed in fault scarps contributes pillow basalts,
tuffs; and trondhjemite to the Dunnage Melange.
Fractures facilitate .the ascent of Coaker - Porphyry
magmas into unconsolidated . muds of the Dunnage
ﬁelange.

C. Sedimentation continues, Calc-alkaline

batholiths = are intruded at depth, preceeded,

accompanied, and succeeded by related dike swérms
" and minor stocks (Loon Bay/Dildo Porphyry suite),

some of which intrude the sedimentary pile.

D. Continued block fau.lt:ing cau.'s'es ~a block of
_ R o RS
turbiditic sediments containing stocks and dikes
(Dark‘Hole Formation) to slide onto the Dizpnage

'Helimg’e -
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1) The Loon .Bayvbatholiths were emplaced, accompanied and cut by
agsoclated dikes and stocks. | 7

2) Several episodes of Acadian'fault_ingl'-and' foiding 't.c'>ok "plénce
(for det‘ails and‘cont.tasting viewpoints, see Horne 1968, ;(aflstrﬁn et
al. 1982, Arnott 1’983).- Patterﬁs of intrusion of ‘the late dikes were
locally- controiled by shear pla;xes' related‘l to tj.he- Reach Fault, ’

indicating that the Reach Fault preceded the intrusion of the Late
- . . )

Dikes.

’

3) The Late Dikes .we_re inr.rudedin a swarm parallel to ‘Dildo' ‘and
Reach Runs, 1ndicat;ng that f)_\ese 1i'ne;anehts are _.tl-\e exp-ression of an
earligi feature .th‘at'co’ntrollgd ascent of the magma, or thaf ‘the -l..a_te
‘Dikes a.re a m.anifestation of_-..an _lexéensional event that. took 'place

. during the late Devonian.

[
" 4) The Dunnage Melangé forms 'the ‘core of a large anticlinorium.
. The ; late .dikes parallel .l:he axis of this anticlinorium. One dike (on

Puncheon Head) is folded by this structure. An Ar(40)/Ar(39) age of

375 +/- 10 Ma has been obt,a;n"ed for possibly equivalent diabase dikes

in the - Gander Group (Reynolds and Murthy in press). This

.configuration suggests that extension along the pmorthwest-southeast
-direction was later followed by compression in the same direction, or
: ] . Lo )

that the Late Dikes were intruded along tension fractures assoclated

with the folding itself.
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5.6 Summary
The sequence of events debcx;_ibed_ ‘above _is summarized in’ Tubl_e

Deposition of Dunnage He‘lalngé litholo\g‘iei : (s.e.di_.‘pen't_s s and
‘volcan‘i;:s)lwa-s fol'lowed pf.gcf:o?panied by block faultir:':_g.a_'h;.l 'infﬁr_udio’n
“of the. Coaker Porphyry_ during Llande_i'linn time, r.esu.ltin'ig in ie'lan'ge
fomation. . -Simil'ar . proceséés _affected.-. the Sumerford Group..
Continued subatrate instability re;ué,(ed in the. sliding of i'l'xe Dark
_ Hole Formation over the Dunnage Melange in the la:e Ordovici.an.
folIowing 1ntrusion of the Dildo Porphyry 1nto. that ‘.unit. Aca’diah.

events include 1ntrusi-on ‘of . the~L.oon Bay suite, se\reral episodes of -

'faulting and folding, and intrusion of the Late D:Lkes eIther before or.

-

during the fomtion of the Dunnage Helange anticlinorium.
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"TABLE 5,1

-Timing of Events

SEDIMENTATION IGNEOUS ACTIVITY -~ STRUCTURE

A Acadian.
Diabase dikes - A tectonic
folding

Reach Fault

SN Other New
~Silurian World Island

"lithologies

Loon Baf .
plutons

R
S

. "','"Sgns'on
© Ashgill® | Greywacke

Dildo Porphyry S Slump

S folding
BS

UogUuouourrt

© Carado¢

o mom

Dark Hole

By
Ay

. C .
. "~ C Coaker Porphyry BS
Redeposi~ -C Grapmel Gabbro . BS
"tion of EC o BS
" Dunnage EP ’ BS. o

Formation EP Pungheon. - . BS Block

as olis- EP Diorite BS faulting

tostrome BS ‘

_ " BS
DC- Carbonate - - "B
DC breccias :

Llandeilo

 Llanvirn

888888888

) A'x_'en_i_g

: D Dunnage ' Exiruspc

Tremadoc

-, Cambrian

D -Fo_rmtion,
- D muds

D

volcanics

B qualfic
B flows




“  Coaker Porphyry: Petrography, Geochemistry, ,Pe_trogenesis"

T

The nine,ralo'ggcal and geochgmi'c‘il_chnracteri_s s of the Coaker
: '.Porphyry are the end result’ of a - combinatioﬁ _of factérs: the

mineralpgy and geochgmi;try of tf\e soufce,_ the ‘amount :of_ partial
~melting . ><'>f_'_. the source, pressure, temperature, c’ooli'n\g history of fhe
magma, the effects of contélintnatioi\ of thé_ © magma ..bg_ ultramafic

terial, the . ﬂef-f;c.ts of -éontanimtiopﬁ.oi_,'tlé_,mg‘na.,‘_by imo.st
sedinents,a.t‘xdr hy‘dr;theml alteratior_x. In”t.h\ chaptei‘, -peti'o'gr'aphic'
ja_nd 3e.ochemical>['._. d;atau '.n;e examined to determine the erffectfof all -
;h’ese.-f_qgt‘ors, anci.a p.etrdgenetic, model of the origin and evolution of
the Co@kér fbrphy}'y ‘is'preae'nt_ed.,\' -

v

6.1 Petrography Lo : . L .

TheH C;:aker.‘porph):ry_th.rlgdes dacités, rhyoaacites, and fhyoi)d:e\s,_
'c_ompose-d‘ of freld‘a;pat"', qua"rt.-z,‘ a;}d nica_l;henocryéts in a fine-graineg 8
. jquart‘zofeldspatixi"t g;ouh&ma_ss. :I't;e.gxtrusive rock mt;es are employed.
-here . rather .ti'\an the_ir )plqton'ig equivalent.s based on the. fine-grained

éroundmas's textt\iréa of t.hese 'rocks';’ ﬁo genetic d{mplication of an.
extrusivé origin 1,.3. in\:plied. I_-;xdeed, these rocks are ihterbreted_ to,,-
have intruded ‘shallow, - fluld mud (Chapter 4), ~and are thus
"t\ransitional b;etween extrusive and intrusive, The porpklly.ry exhib.it.s.-
gradati'onal variations in texture, minte-ralogy, and’ xenolith .contené.
Textural | variationg are correlated to some - extent "wi'th mo'de. of

-

t
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" intrusive 4into the xenolith-poor units.
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occurrence "in the field. The petrography of the three end-menber

. types (general, trachytic, and xenolith-rich) is sunnatized in table

- The most abuhdagt;'or-"generil-:ype9 of Coaker Porphyry occurs in

_massive stocks. The trachytic—textured type occurs as dikes, lobes

.

and pilioﬁs; 'piliquea and flqw-bapded' stocks,. and. the _rare

"1nteriayered fCohker/éhale.-form zsee.Chabter'%).' Xenolith content of

both " types ‘varies . from ienpiith-free .Coaker - Porphyry. to " the

xenolith=rich. "Caﬁ;éwaf- dibrite“ior."Causewa& xeﬁolith—phdée“ of Ray

(19?2);” Wﬁére they occur tégether, the xenolith-rich units are

6q1,{ Phenécrysts and 1m§1ications-for cleiﬁg hisibty

Alkald fel&sé#r: phenocrys!ﬁ are ubiquitoué 'iﬁ the - Coaker

‘Porphyry, hlthough they vary in aize and abundance. They bccuf as

single equant, euhedral crystals or as gloneropotphyritic clunps "~ thatr .

also may inqludg quartz. In xenolith—free Coake; Porphyry, they

'commany-oécur fn two or'three'distinct gEnerations'of‘crystzl sizes.z
"They\:re not zoned. although original zoning may have been oblitera:ed
- by albitization. R-feldspar phenocrysts have beeu 1dentified in the .-

‘most felsic nembers “of . the suite. more conmonly, K—feldspar is absent

.a8 a phenotrys: phnse.‘ Albite and oligoclase are by * far the more

) abundaﬁt compositions.

14
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TABLE 6.1 Petrography of Coaker Porphyry - 2
Type Mineralogy Texture Alteration -
. General - Phenocrysts: -
most oligoclase ------ Equant 3-10 nru --——- mostiy fresh,
abundant euhedral, commonly ‘some carbonate,
type glomerbpprhyritic _ sericite
: Quartz  cee—e---o euhedral, embayed -
Xenoliths - rounded e
w'absent to biotite ----w---- m1crophenocry511c, —--ch]or1te, car-
abundant ' subparallel align-. - bonate, rutile,
: ment, euhedral " :'sphene, sericite
Groundmass: ------ anhedra],-equaxt ----- partial alter-
quartzo- crystals ation-to seri- -
feldspathic : cite, carbonate .
) : ‘ rare prehnite
Trachytic - Phenocrys€s: Same as abova,
same.as above +/- . - o except that
muscovite ------- rounded, eyhedral carbonate alter-
Xenoliths Groundmass: ------ trachytic, plag. . . ation may occur
" ‘absent to - quartzo- lathlike rather in dwscrete
abundant feldspathic than equant " bands
. opaques --------& dust dispersed in-
: ‘ . groundmass or in
; : discrete layers
+/- vesicles '
* Xenolith- sertateptexture,.
" rich, o grains fragmental
(Causeway oligoclase to : S
xenolith . andesine ---cmeacee broken ----c-emeeo__. pervasively al-
phase, Kay : tered to seri-
1972) : cite, carbonate
: - +/- prehnjte
- phlogopite ~---weee- euhedral ---——-—-oo._ mostly fresh,. or
.- : chlorite + -
N _ rutile
qQuartz ~seecoeee_o- '-megacrystic
magnesio-
hornblende --—----- euhedra] emeeece-——-same as ph1ogo-
: . o pite
garnet -;--p-;---i—euhedral, zoned ------ fresh
. ¢ ~
W
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o . ) S ( . .
Rounded, euhedral quartz phenotrysts are common . but nQ§

ubiquitous. Bipti;e phénocrysts _are smaller than the fqidspar nn@

-quartz crystals and are fluzioned u:oun@ them. They cononly.occur in,

sub-parallel alignnent particﬁlarly in * trachytic-textured Coaker
g R : .

-« o

Porphyry..

_ These observations lmply the following cooling histor§ for the .

’ - ' . . B . ) . : S
Coaker Porphyry. . The magma cooled. at depth, precipitating crystals of
feldspar wii? of without quartz. ' The magma -tﬁen' aacended to new

levels,' carrying with e _ité_ phenocrystq and possibly a restite

‘component (the gloneroporphyritic clumps’) mhere quartz and feldspar_

were joined by- biotlte as a cryst?ilizing phtse._ The nagna then.
ascended rapidly to shallow ctustal levelc (see. discusaion 1n Chapter -

4), where the remalning liquid was quenched.A

6.1.2 Muscovite

Euhedfal-crystals of-muécovite, ranging in size from.l to 8 mmp
across, and up to 2 mm 1ck, are a rare phenocryst phase occurring in

some of the most felaic units_of the Coaker Porphyry, The muscovite,

‘crystals are - 1nterpreted to be. prInary -rather Fhﬂﬂ' jetohdary.

(aericite) because they oc?ut singly a8 _large,' thick,. euhédppl,

crystals, they are free of 1nc1usions “of - sphene, and-trachytid

~groundmasa feldspar laths are fluxioned around them.' Their 1den£ity

as muscovite has been estahlished by microptobe analysis (table 6 2).

-
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TABLE 6.2

Microprobe adnlyées of Coakér Porphyry minerals

. Oxide . L
(vt 2) 1 23 P _ -
\ $102.  $6.23 38.82 52.05 39.06 . , - .
L - T02 0.11 . 3.13  0.54 0.43  ° :

A1203 33,98 - 16,09 6.12 22.41

: FeO(t)  0.93 12.40 - 9.22 23.41 _ ¥ ‘
MnO 0.00 0.10 0.20,° 0.48 . L.
Mgo - 1.42 16,13 17.91 9.00 .
CIO T 0.00' 0.00‘ 10.20 8.14 " -
. Na20 0.06 0.38 1.06 —— '
K20 .~ 8.66- 8.80 0.222 ——- -
Total 101.39 95.85 97.50 101.11 .
' \

1) Ave. muscovite composition (7 micas from 2 samples) -
2) Ave. phlogopite composition (12 micas from 4 sagples) .
3) Ave. magnesiohvornblende composition (20 amphibales from 3 samples)
_4) Ave. garnet composition; sample 247-81 (89 points from 9 zoned,
‘garnets) . o s '

o,
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The muscovite phenocrysts in'the Coaker Porphyry are the same

-~ .
size as the quartz and feldspAr phenocrysts, and one muscovite crystal

2

qas observed to be partially enclosed by a feldspar crystal. This

. -

inq1cates that muscovite crystallization accompanied or possibly

preceded crystallization of the quartz and feldspar.
N

The presencg' of primary wmuscovite  in a hypabyssal rock- 1is

anomalous; experimental work indicaﬁeg .that the wmineral becomes

‘unstable at -pressures below 5 kb, or that liquids in which muscovite

—

is stable goltdify at this pressure. However, primary muscovite in
extrhqive rhyolite has been repofted by Schleicher and Lippolt (1981).
They concluded that . either muscovite ~c4n be s;abiii;ed at low
pfessurés in the presence of some presently unkn;wn phase (perhaps.’a
fluid phase), ~or that the nagma ascended rapfdly and chilled before

the muscovite could be resorbded.

6.1.3 Groundmass . ' : . - .

-The Coaker Porphyry groﬁndmass' 1s typically cryptofelsitic;

. rarely.'the grainﬁsize 18 coarse enough to identify quartz, Féldapar,
. and mica microscopically. "The quartz and feldspar are anhedral’ in

‘general-type Codker'Porphyty;- This groundmass is ﬁrobably devitrified

. -
glass, ~although the only devitrificatidn textures to survive are

fibrous chloritic rims around garnet phenoctyats in one locality. The

groundmass of trachytic-textured Coaker Porphyry, as the name inplies,

1s composed of aligned feldaspar laths and mica, and anhedral quartz.

Flow-banding is defined in thin-section by variations in grain-size,

or opaque or carbonate content,
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6.1.4 Xenoldths

"

Several stocks and dikes of Coaker Porphyry are charged with
ultramafic and mafic xenoliths ranging in size from less than 1 mm to
30 cm in diameter, ;nd locally comprising up to 1527 of the rock fig.

o -
(6.1).‘ More commonly, wunits of Cb;ker Porphyry contain‘only sparse
xenoliths, usually less than one percent, and Coaker Porphyry totally

lacking in xenoliths 1s uncommon.

The .mineralogy - of the xencliths is summarized in table 6.3. The
xenoliths are mostly ultramafic, but some mafi¢ and rare trondhjemitic
. L4

compos itions are present as well., Trondhjemitic xenoliths do not

occur intermixed with other xenolith types, but are isolated enclaves

in units of Coaker Porphyry that are otherwise free of xenoliths.

The ultramafic xenoliths are mostly altered to assemblages of
_serpentine, carbonate, - anthophyllite, and chlorite, fewer to quartz
and carbonate. Chromite crystals persisi in all ultramafic xenoliths,
and orthoﬁyroxene is preserved rarely as tiny patches in masses of
serpentine, rendering difficult’ the detection of zoning 1in pyroxene.

The mafic xenoliths are ‘composed of magnesiohornblende and andesine.

The xenoliths are rounded, some having pronounced reaction rims

and radiating textures, indicating profc;und disequilibrium between the-

xenoliths and their host magma.
L4




Figure 6.1 Xenolith-rich Coaker Porphyry. A. slab of

. "Causeway x-e'nolvich phaag'? '(Kaf 1976) f.r'om ﬂ_m type

_ lbc-aliﬁy' _'c;n Cau'sewa_y .Isl'ands. Xenoliths §ctupy- 132
of the area of tﬁe slab. Dark .reactibn rims aroum;l

' thé._ '. _xenoli'thsl - é;)ntain a cc;ncep-tz.'atlo'n. of -

phlogopite.. Scale in cm. _
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TABLE 6.3

Xenolith Types in Cosker Porphyry

1) ULTRAMAFIC AS’SEMBLAGES
-serpentine (commonly pseudomporphic after pyroxene)
-serpentine (crenulated) . :
-gerpentine + chromite
-serpentine + talc + chromite.
~serpentine '+ talc- + phlogopite
_ -serpentina + carbonate + chlorite + chromite
-serpentine cut by and rimmed with veing of chromite and yellow
carbonate |
-serpentine + chromite (serpentine filled with tiny 1nclusions of
" perovskite
=quartz + chlorite + carbonate + ‘chromite
-anhedral. quartz crystals dissected (as 1f shattered and filled)
by veinlets of carbonate '
-chlorite + carbonate + chromite
-quartz. + carbonate + chromite + acicular opaques
~carbonate + chromite -

2) MAFIC ASSEHBLAGES

-andesine + magnesiohornblende + phlogoplite + quartz
(coarse—grained plagioclase and fine-grained quartz
in-séparated bands)

--magnesiohornblende (euhedral, with parallel allgnunt)
in fine-grained groundmass of amphibole
+ plagioclase + phlogopite + sphene .+ apatite

-carbonate + chlo:ite ’

~chlorite + carbonate + quartz + sphene surrounded by radiating

_rim-of fine-grained acicular amphibole C

—prehnite + quartz + k-spar + sphene .




L 6.1.5 Xenolith-rich Coaker Porphyry

' Certa_in minerals and . textural features occur only in

xenolith=rich Coaker Porphyry and - appear to be the result of reaction
" between the magma t-he xenoliths. These minerals inelude

+

'phlcgopice, mgnes'iohornb'lende,_ and garnet (table 6.2).

The golden-red phlogopite is not the pure end-menber, but has . an
average’ Mg/Fe ratio of 2. 31, qualifying it as phlogopite according to
. Deer, Howie, and Zussman (1962)._ Magnesiohornbl_ende was classified
accbrding to Leake (1978.).‘_ Plagioclase 1n these rocks 1is seri.ate,'
fragmental, and. more altered than : ‘feldspar in xenolith—poor Qoaker
Porphyry. Quartz' is not ‘@ common phenocrystwpnase_ .in.xenolith_-rich
‘Coaker Porphyry, but in One instance occu.rs as' spectacular euhedral.

megacrysts up to 7 _cm.long., Quartz and alkali feldspar (sodic ‘and

potassic) have been detected in the groundmass.

Garnét océurs rarely in -rendlith-'ric.h_c_oaker .Por‘pjh.yry,_-but' is not
fdund in xenolith-free '_rncks.'_ One ‘st.ock on Qoeker Island_ cbntains .
'large" fup r.o 2 'cm_ in d'iame’fer_)z _euhedral" t'o: subhe_drél' .'garne‘t-'
._ 'phen.ocrylsts _ witn compositions -ra'ngin'g. frnn Alm(38).P§('l‘5')Gr(l7:): ro_ '
Alm(69)Py(13)Gr.(214) (see figure 6. 2) 'l'he crystals are strongly zoned‘.
and lshow ) normal reverse and os_cillatory zoning wir.hin ‘o'.ne, :
‘_hand-specimen-sized sample. 'i'ne asse:nblsge.o:f which th_e _g_nrn'et-_» 1& a
'-part 'is difficult t decermine . because' rhi-s- ;articulsr 'r-nc'k vas .
subject to. hydrothemal alteration from which only the garnet survi,ved“_
in pristine condition. Assemblages of chlorite, carbonste and opnques‘

. |
form pseudomorphs after amphibole.-_ Other clots of" ,.chlorite appeer to.’




" Figure 6.2 Comp'ositlons of Coaker Porphyry garnet's. Garnets

displa§ _normal (towards. almnd‘i'ne (Alm) +

I

spessartine (Sp)), reverse, and oscillatory zoning.
The direction of zoning from center of crystal
. outwards is indicated by the direction of the

ArTOWS . Each fileld encloses the compositions

measured for one garnet.




30% Gr+And

60% Gr+And
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be \the remains of xenoliths.

- - -

' 6.1.6 Hydrothermal alteration

The Coaker Porphyry w.;s " subject to mild, pa.tchy .hydrothermls
alteration. This appears to have .tal.(gl"_l .p.la.c.e dq.ri.ng‘- empllacemex"\t_,f' as
coeval (Grapnel Gabbro)'-and> later .(Loon Baf G_rﬁr.loldio;ite) intrusions

l baked fﬁe volatile alteration ptoducté out of. Coaker Porphyfy within
their aureoles. (See seétion 4.6.) In uncontaminated (xenolith-free)
Coaker Po;phyry,'- biotite 1is invariably altered -to aseemblag.es of
chlorite, carbonate, sphene; sericite, 'an‘d. _mt;le.' Feldspar 1is
albit.i-zed and sericIC£;gd. ) 'I'he grouﬂdmgss t.ypic‘allly contains patches

of carbonate and abundant sericite.

X'aen.olith-riclh Coaker Porphyry, on the other hand, shows a .w_ide
" variation in aiteration :/,-aqsemb_lnges. The _vari#tioﬁ'occurs on the
outcroé scale, i_ndicating _tha_t' the- fluids extant in the .. magma were
exr;feneiy 1nhonogeneoue.. In the more éoﬁon asgemblage, phlogopite 1s
well—ﬁreserved or t;lightly chloritizeq; .prekl\r.\ite 'Ls;_ pfes;nt, and the
xenolithg are al_tered to serpentine +/- carbonate and dhquite,
cqmoniy with. reaction rims of anﬁhdphyllit_e. " In - the second
assemblage, mafic phases are obliterated to clots of carb§néte and
sph.ene', and th_é ‘xenQiiths -are reduc¢'d. to masses of quartz and
carl‘:o'nate., wir.ﬁ .only e.uh'ed.ral _chronit'e. lcryatals sur\;iv;'.rxg to attest to

r

the original ultramafic nature of these enclaves. Feldspars in ~both

as_seﬁblag'es.'a'ie' -clloudy ‘and corroded.
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These observations indicate that the fluids associated vith
-uncontaminated Coaker Porphyry were comparitively richr in CO2 and that

"the reactions between the magma and the xenolitha produced .EZO-rich

'flnida. Preliminary exahinations of fluid inclusions in a.qdarte

1

megacryst from xenolith-rich Coaker'Porphyry have revealed " that the,
fluid 4s water _oa low salinitf containing.no daughter minerals or

detectable COZ.(qury, pers. . com. 1983)' These findinga “are in

accord with the .experimentAl results obtained by Sekine and Wyllie

(1982a) 1involving the ‘reaction between peridotite and rhyodacitic e

melt, Release of this water-rich' fluid during the magma—xenolith
reactions' was possibly reaponaible for producing :héﬂi observed
fragmentation of feldspar crystal) in. xenolith-rich Coaker Porphyry.
Inhomogenieties in fluid distribution in the xenolith-rich phaaes vere

perhaps a function of inhomogenieties in xenolith content.

. 6.2 Geochemistry

Uncontaminated "Coaker:. Pornhyrf- consists ' o£ ' peraluminous
rhyodacites and rhyolites,- with a silica range of 64 to 762 &ajor‘
and trace elenent analyses ‘and. CIPH norms hre given in. Table o.& ifo:
19 - uncontaminated and 20 contaminated sanples.-' Harker Jeriationl
diagtams of major elenents and selected trace elemente plotted against'

silica are shown in figure 6.3. .-

The Coaker Porphyry plots in the alkali corner of the AFH diagram
(fig. 6 &) tn’ a line that termin&tes at’ the pure alkali'composition,
in,contraet to,the. Loon Bay euite, ‘which terminates .againat the

alkali<Fe0 tie ,1;he; The Coaker Porphyry is .calc-alkaline eccording -
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TABLE 6.4 -
. Coaker Porphyry: Major Elements, Norms, Trace Elements " -

_ Uncontaminated by xenoliths
MAJOR . ) _ .
ELEMENTS 50-81 '53-81 .58-81 87-82 88-8l
$102 64.7 68, 69.8 - 72.4 67.9
T102 ©0.40 ..0.29° 0.07 0.30 -
A1203 16.8 1 14,9, 14.6 14,7
-Fe203(t) 2.6l 1.85  0.59 2.31
MnO 0.04 . 0.05 0.05 0.04
"Mgo - 1.26° "1.,07  0.25  1.44
Ca0 1,74 ;1,37 1,01, 1,22
Na20 - 4.76 " 3.91 3.93 5.24 ~ 3.97-
K20 . 93.35. 4.58 . 4.49 2.91 4.59
P205 0.12 0 . 0,08 - 0,06 0,10
L.0.I,: 3.18. 12,37 1.73  ,2.18
~ Total -~ 98,96 100,20 - 98.91.. 98.65-

" NORMS

" qQ - 18,13 - 24.86 28,82 22,71
OR - 20,67 27,12 17.69 28.12
" AB .. 42,05 33.99 45.63--33.95
AN . - -8.19 © 6.61 4,75 . 5.60
c - 2.58 “1.30 | -1.17 -
DI ' ' ' m— =
nY .80 5.26 1.57
CIL _ ) - 0,56 0.14
AP 0,29 0. 1 0.19° 0,14




" TABLE 6.4 (continued)

Uﬁcontém4natéd By xenoliths

* MAJOR - - R -
ELEMENTS 100-81 128-81 129-81 168-81 192-81 208-81

75.5 72,9 “68.1 70.6
trace 0.08° 0.33 0.17.
14.6 14.9 16.5 15.4
-0.29  0.71 2,34 1,34
0,01 0,02 0.07 0,03
.0.15 0.19 1.36 - 0.59
0.05 0.89 2.15 0,56
6.15. 4.46 4,33 4,19
1.10 - 4,44 3.55 5.22
0.06 0.00 0.03 0.00
1.13  1.13 - -1.36 0.70
99.04° 99.72 100.12 98.80

5102 68.1
T102 0.20
Al203 15.0
- Fe203(t) 2.18
MnO. . . 0.04
Mg0 - 1.28
Ca0 7 1.19
Na20 5.02
R20 3,92
P205 . 0.08
L.0.I.. 2.07
Total 99.08

Lo

—

O~ ONMN OO OONTO W

1
(@]
V= 0w 3N —

NORMS

Q - 18.81 35.89 27,71 21.59
- OR 23,88 6.64 26.61 "21.24
" AB’ - 4379 - 53.15 38.28 37.10
AN . 5,55 ' 4,48 10.60
c.. "0.54 . . 1.16 1,72
205 SN :
THY . 6449 o 1.49
MT . .0.36 - 0. 0.12
IL - 00,39 ‘ ~ 0.15
AP. . 0.9 . : L m—

‘TRACE
ELEMENTS

Pb- . 7 43
Rb - 98
S5 -

Y - 10
" 2r - '

Zn 46
“Cu - ., 10
Ni R
~ Ba <779
v .. 27

er . 19

" La+Ce 50
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~Table 6.4 (rcontinuez_i‘)

Uncohtamina;ed by‘;eqbliths

'MAJOR S .
ELEMENTS 209-81 231-81 246-81 276-81 283-81 285-81

5102 ‘1 .67.7 © 68,4 ' 71.3 '68.3 72.0
- T102 ©0.34- 0.22 0.13 0.26 0.05
A1203 ) -15.9 15,8 15,2 - 14.6 . 15:1
Fe203(t) © 2,107, 1.74  1.24  2.06 © 0.51
MnO -0, .0.04 0,03 .0.03 0.04 " 0.03
¥g0 , 1.46  0.92  0.51 1.16 0.18
. Ca0’ 66 1,08 1,29 1,39 1.51 " 1.50 -
© Na20 - © 5,05 -5.05° 4.24 5,10 - 4.50
K20 - - 5 S 3,80 2,237 3,74  3.90 - 4.26
P205 ' 0.08 ° 0.06 0.10. 0.07 0.01
. L.0.I. .0.46 1,50 3.48 ° 1,07 .2.65 0,70
Total . 99.03° 99.19- 98.95 99.65 98.84

" NORMS

Q - 26,61 28.68 18.56
OR . 13.77 23.76
AB 44.65 44.49
AN . . 6.28 5.59 .
c . . 3.01. S
DI 1.37

L R . 4,82 3,08 " 5.20
MT - - 0,29 . 0.34
- 0.44 - 0051
AP ‘ K 0,15 24 0.17 .

TRACE
ELEMENTS

Pb 67
Rb

Sr

Y 15
Zr ‘85
Zn - 731
Cu . 14
Ni . 2
Ba i 438
v 27"
-Cr , 0
La + Ce ° 32
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TABLE 6.4 (continyed)

’ Uncon;ém; Contaminated bi.xenolitha ,.
MAJOR . o o N
ELEMENTS 300-81 63-81 69-81° 81-81 109-81

- 5102 66.4 9 67.8 68.1 67.5 6€6.2
T102. ~  0.26 0.36 7 0.40- 0.28° 0.26
A1203 15.2 - 14.8 14.7 -15.1 14,7 15.1
Fe203(t)  2.34 2.33  2.36 1,98 2.75

CMn0 - . 0.03: . 0.04 0.04 0.05 0.05,
‘Mg0 . 1.38 1.56  1.49  2.63 . 3.24
Ca0 - . . 1.77 1,13 1.48 1.65 1,35 1.31
Na20 - 4.52 3.98  4.06 4.59 4,92
K20 - 2.96 4.60° 4,42 - 3.19° 3.16
'P205 0.10 0.09 0.12 0.06 0.10.
L.0.I. . 3,27 2,37  2.00 2.62 2,88
Total 98.23 99,29 99.74 98(95 99.97

(=3

. NORMS

" Q T22.90 21.04 21.52
OR T 18.42. - 28,05 19.57-
AB - 40.28 34.75 40.32
AN " 8.56 6.97
c 1.67 0.72
DI : .

- HY © 1,02 7.21
MT 0.40 - 0.39
1L 0.52 0.67
AP < 0424 0.22

TRACE
ELEMENTS

Pb
Rb -
St
v
‘2r
in
Cu
Ni
Ba
. v .
. Cr .
* La + Ce




TABLE 6.4 (continued),

Contaminated by xenoliths

MAJOR
ELEMENTS 139-81 140-81 153-81 160-81 170-81 182-81

$102 60.7 61.3 61.9 66.6™ 66.1 6
T102 "0.24 0.53 0.59 0.32. 0.56

A1203 15.0 16.2 16.3 16,2 15,1 . 1
Fe203(t) - 3.56 4.11 3.70 2.34 3.96
MO . .°  0.17 0.11 0,06 0.05 0.08
MgO 3.25 4.17 .3.26 1.20 3.22
Ca0 4,03 1.4 2,70 1.50 2,99
. Na20 © -6.35 4.12 4,36 5.03 - 3.45
. K20 7. 0,16 3.70° 3.22  3.64 2,10
P205 0.09 0.13 0.11 0.03 0,07
L.0.I. . 5.15 3.23 2.49 2.21 1.05
" Total. - 98,70 98.74 98.67 99.12 98.68

NORMS

Q 12.17
OR 19,78
AR 38.36
AN 13,18
c 1,04
B S _ :
B . ‘ 13.42

MT - 0.62

IL _ : 1,17

AP : 0.26 -

TRACE
ELEMENTS

Pb.. -~ . 24
Rb- . 5.
Sr 21y -
Y , 12
Zr © 131
A - 38
Cu - 22 -
NL, . 66
- Ba. - 104
A 68
e, T 163
“La + Ce. - 42

EN




2y

'_'C

Zn

Table 6.4 (continued)_

)

Contaminated b'y 'x_enoliths

MAJOR :
ELEMENTS 184-8] 186-81 193-81 233-81 236-81 239-81
$102 64.9 68.6 68.6 67.5 ‘64.0 63.
T102 0.36 0.2 0,37 0.26 0.55 .0.
"A1203 15.1 15.2 15,2 14,4 - 15,5 15,
Fe203(t) 3.0 2.00 2,02. 2.08 3.34 3.
MnO 0.06 0.046 0,04 0,04 0,06 O,
Mgo 3.16 1.97 2,05 2.78 2.67 3,
Ca0 02,060 1.34 1.69 1.17 2.29 2.65
Na20 4,26 4,56 4,60 4,07 4,36 4.05
K20 3.13 )3.48  3.01- 3.72 2,99 3.39
P205 0.07 (0,06 0.03 0.08 0.11 0.08
L.0.I. 2.72 95 1,57 2.51  3.24 2.33
Total 98.83 99.39 99.18 9_8'.61('99.11 98.86
NORMS
Q 18,10- 22.35 23.11 22.75. 17.36 13.94
or 19,24 21,10 18.22 22.87 18.43 20.75
AB 37.33 39,60 39.88 35.84 .38,48 35,50
AN 10,16 6,55 - 8,39 5,50 -11.10 13.00

1.21 1,63 1,41 1,81  1.24 0.04

DI : . .
HY 12,61 7.92  7.88 10,17 11.48 14,73
MT 0.51 0.33 0.33 0.35 0,56 0.59

IL 0.67 0.41° 0,72 0,51 1.09 -1.18
AP 0.17 . 0.10 0.Q07 . 0.19 0.27 -0.19

TRACE '

.ELEMENTS S

Pb 34 37 24 4] 27 31
Rb 100 110 100 177 119 126
Sr 318 © 222 °.397, 258 316 316
Y 12 s, 10 8 10 "9
Zr 146 132 I31°- 113 - ' 144 136 -

46 - 40 41 . 42 61.- 55
. Cu - ©20° 13 9. 17 11 12
Ry B7.\, 55 .54 7 97 79°. 130

Ba 571 507 - 694 529 7607 ' 515
v 42 /.30 32 .34 49 | 53
Cr . --102/ 95 . .92, 167 U125 T 196
La-+-Ce = 60" " 44 45 - 41 48 43

ZgLogl
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"TABLE 6.4 ’(COn'tinueIC}X .  ' '
Co_qtamihated by xenoliths . .
MAJOR . - o
- ELEMENTS 247-81" 260-81 272-81
" s102 ¢ - 60.8 " 61.0° 67.1
S T102 ' 0.69  0.67 0.22
A1203 - '17.3  17.1 - 15.1
Fe203(t) 4.38 _ 4.03° 2.9
MnO - - 0.06  0.06 0.09 ‘ {
. Mg0 . - "2,38° 3,17 2.08 N
" ca0 | 3.39. 0 2,15 . 0.99 . :
' Na20 5.35 - 5.3) 3,85 -
. K20 - S 1.76 . 2,67 ° 2,49 - .
©P205 0,15 0.14  0.09 .
CL.0.I0 . 3,08 2.11 - 3.42 . > - - 2
Total- 99.34 98,49 98,39
. NORMS '
Q '710.42' 8.41 29.73
. OK . 10.80 16.37. 15,50 .
. 4B T 47,03 47.32734,31° ,
. AN .. 16.45 10,12 4.55 . : o i ’
€ . 0.82 1.84 4,73 - . S
) G . - . , e -
HY. - 12.12  13.62 10,04
OMTT - - 0.72, 0466 0,49,
IL 0 1W36 7 1.32. 0444 € L o
AP 0.36 : 0.34 - 0.22.° o . e
. L TRACE T Lo T :

ELEMENTS - X - R S . . L v ol

Pb ©20 : 20 40
e : < R - 71 56 97
, R Sr- © 325 300 . 128
P o Y- 12 . 17 11 - .
R _ C 2 © 222 179 146 - A
e e .z " .55 62 . 63 e
Cu = 12 . .27, -33 .. S o . S
“N& - - 25 54 48 ) . : U N
-Ba ' .532 . S574 . p62 . B R o e, B '
: v 41 69 - 41 -
SN - 12 J92° 55 oo
' "La+Ce: - 67 - 68 S4 .- LT
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Figure 6.3
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“Flgure 64 _Alk-F-M diagram: Co'al_ter-Pé-rph_y,r'y §
L Cl o . r ) .
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" the—spBlication of

6.2.1 A1203
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~

vation diagrawh of Irvine a’nd Ba'ranget (1974), although

cla ification schene to a suite of felsic

this

: rocks with ouch a linited rqnge in ailica is of questionable validity.'

Green (1980) has establiuhed a "silicic series" to encompass Suitea of

this kind . N

'I'he Coaker Porphyry is. strongly peraluminoua,‘ with ano average

N

A1203/(CaO+N320H(20) ratio  of 1 +6 and an average of 1.56% normative

corundum. 'I'he only wo . 'aamples .analyzed which * do not: contain

nornmtive corundum are emong the open system snmples discussed below'

.(s,exc.tio.n §.2.2_) in uhich secondary addition of Na20 to the rock - had

\oceurred.: .'The_ 1ndependence of nomtive corundum and sili’l:a (fig.

6. Sa) over a silica range of 64 to 762 for uncontani_na_ted_ Coaker

Porphyry,'and 60 to 681 fot Coeker Porphyry con‘t'ani_netedl with

. ultremafic n&tel:ial indicatea that the peraluminous n}eture 'of'- the

rock is prinary, and not  due to homblende fractionation (Cavthotne

nnd Brown 1976), alkali 1eaching, or later contanination by eediments
' - '

(Huang and Uyllie 1981).,‘ One sm‘ple (BL- 7 82) is from the stock on

e I_n_s_peqtor-Island associated with the interlayered md and ‘Coaker

Porpflyry (Chaptex' 4), and hence is the most likely sawple to display i '

- the effects of auimilation of hoet sedinents. It is -one of the open ‘

. - ey
system samples discuaaed below.. Its‘ corundum content (l 17) is lowet

than the average, 'any alumina 3&ined from the sedinent vas morf than-. -

T ‘.

. offuet by elkali gain from fluid exchanges during enplacenent.




i

’

" Flgure 6.5 A1203 saturation in Coaker Porphyry,

A, ‘Nox;ma'tive_ corundum  (Co) and.'dioplide (D1) show

" no consistent yariatio‘h " with $102 content, Both

contaminated and 'uncontani_nat_:éd Coaker Po:ﬁhyry are , .

depicted.

B. ‘Normative coryndum ipclreases' \'yi_th’ iron  in
: uncoﬁ_tami,nate’d Coaker: Porphyry, _.i,'n&icafing_ that: ‘the
source of the magm yas. even r;ch'ér ”-_11‘1 A1203 'l';'h_an

was’ the magma itself. .
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'.A'plot ;f.FeZOB(t) vs gq}mativ; éérunduﬁ (fig.’ 6.5b?';l}hét¥atgs
.qhat corundum increases.yiyh iron, indié;fing'ihdt the-Coakér_Porphyry<
melt was less n}qminou;'than_it; sbpfée-(Vyborq‘e£'ql., 198}), . Thi?
ﬁrﬁéd _is‘ éhé--oppésit;..éf .ﬁﬁnfieipg?téd:if:tﬁe‘épakér Péfphyry héﬁ

evolvgﬁ from a'me;a1um1n6u$ éompbpftion " by auphiboie fractionation,

2.

. and strongly suggests that it ofiéinated ﬁ§'part1al'melting of a
highly aluminoud source..’ :
© 6.2.2 Alkalls
"Figure 6.6 is a plot. of ' feldspar éonppsiiibng"obtaineh ' by
Auicropfbbe analysis. Most of tﬁé,fgldnpats_havejbeen albitized, and .
do not have igneous cohpositiéns. These data 1nd1éate-xhatlbne of the
_ following ‘must have occurred: e o - o
a)'Na+-ﬁas gained; - . L ' ’
' b)) K+ and/or-é&++’wgre lost,
. » ©) both (a) and (b) occurred, S

d) & redistribution of these e}eméntatoccurred 'w{thin a closed
. system. - L e C

v

In case (d), K+ -and Ca++ would ot” be 1lost from' the Coaker -
hd - T e - . v . , . . ." \ ot , , . N B

Co ' . . N P
Porphyry, but would enter 1into ~other.,minerals (ie.: ~sericite,

dalcite). -
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~

Feldspar compositiors plotted from microprobe cata.
Feldspars falling on the. dashed iine have primarv
igneous composio:ions, whereas those faiiing into the
. altite corner have secondary compositioms.

LY
‘
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'ro test these cases, normative leite, anorthite, and

were ' plotted on the Ab/An/Or diagran, with the assumption that 1f
’ these values plotted along a line of -igneous feldspar compositions,

then albitization represented a rearrangemn: of alkalis rather than a

gain or lose of elements from the system, .

‘Becapa’é the Coaker Porphyry has 'J(-feldsparv: in the groundmags (and_'_ e

rarely as a phenocryst phase),-a R'-fe_ld_'sp,a't' factor was .'subtr'act-ed from

_the ﬂorﬁa,ﬁive feldspars n_ccordirig to. the-enpirical equation:’
. a s
K-feldspar = (. l)Ab + ( 05)An + (.85)0r

This produced a nomtive R-feldspar having a composition similar to -

- that obtaLned by microprobe analysis._

The _r_éhai(.'ling normative feldspar ugé’ fje'célcplated .to 100Z and

plotted on the AX\_-/Ab/OI:. diagraﬁ (fig.' 6.7). Most of »the’v 'valpes fell

on or 'near an igneous composition line, .'indicéting that albitization

-

-._ .l-'xa'd Qccurre'd in an essentially c-l‘ose_d'syst'em.- However,glsevei:‘a'l pointe

did ae'viraté.ft:om"bk;e_l’ine -;'1m:o ‘_'.the ,s'ecoridary' albi’te .f'ield. ’ .'I'heaei

.

“open systenm' umples vere identified on variation diagrams and vere
'.fqund:-to have .guffered l'_gain_ in sodium, and a loss of LaO, Sr, P205

Rb, .Cu,- and KZO. K20 loss did not occur in all samples, however. Sr

. was Temoved preferentially to Ca0. Other elements, ihcluding‘ Ba * and

<

Pb, were not apparently affected. - : RN

Mass balance calcylations indicate a 157 gain in albite component

in the "open system" samples. o ‘ .

‘ * M .Y ~

orthoclase '




Figﬁré 6.7

Feldspar compositions calculated ¥rom CIPY norms, Those
sampies whose normative feldspars fall on or near the
line of igneous composition are interpreted to have been -
altered within a closed system (without a galn or loss

of alkalis from the rock). Those falling fn- the albite
' corner are iqterpreted,as open system samples, to wahich

Na has been added and/or from which K or Ca have been lost.

‘v
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“ 6,2.3 Rare Earth Elements (REE)

fﬁSqnples ofVCoaker,Porphyry show a wide range in REE content (fig.
- 26;8; Table 6.5). With increasing $102, REE content falls off rapidly,
1 - :. .:' _ ':,  .Tl éndzghe'light REE (LREE) change from enriched in the more mafic
_ .édmﬁléq tolprogfggs;v§1y~mdre depleteg in the more silicic rocks (fig.
.1”5§§jlif?hé“ﬁbéf Biiiéi; rocks have a ﬁecﬁliar pat?érn depleted in both.
iﬁREﬁZigﬁ&hléﬁEE rel;:;;é to the middle REE." Clearly, the REE did not ;
:':"V': | b;haﬁé as‘incompatiblé'eléménpi'during the evolution of the Coaker ‘

Porphyry magmas .,

> . -~
o : A strong poaitive cqorelation existé between La+Ce and Zr, and a
somewhat wgakén correlation between- ﬁe+Ce and P205 anﬁ Ti02, as

illustrated by the variation diagrams in fig.. 6.9. —Siiilarly

pépiiivé correlations exist - between Y, which behaves like the HREE, S

. @nd ‘Zr, P205, and T02 (fig. 6.10). These results indicate that REE

content i1, the Coaker Porphyry was controlled by the accessory phases

zircon, sphene or futile, and apatite.

- ’ - . The REE ppitern of the more mafic samples of Coaker Porphyry has
LREE strongly fractionated relﬁtive to HREE, indicating Fhat the BREE/

were retsined by garnet or hornblende, either as a fractionating or a o

e residual phase.

Eu anomalies are small and inconsistent. % interacting

K-feldspar » %ﬁ

etc,) result 1in either a positive or a negative Eu anomaly.

with a granitic magma (hormblende, garmet,

- Petrographic and geochemical results, and mass balance ;alculationa

»{discussed below), indicate that several phases are 1involved which

;r | | ‘ ; _ :_ '. ’, o
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Figure 6.8 REE/Chondrite: Coaker Porphyry
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- e . T TABLE'6,S .
‘_ Rare 'Ear-_tﬁ _EJ.e_ménts: ~Cim_ker Porp_hyr%, _ ' »
‘Element ' LT e P -
*(ppw). ' '87-82 '89-81 129-81 239-81 247-81 260-81 276-8] 285-81
T la .0 2.50 - 3,99 0.39 14,96 31,64 .18.5 4.28° 0.67 - )
Ce . 7 4.32 9,74 . 0.38 38,15 80.45 46,40 -10.80 0.19.
Nd 3.32 5.62 0.64 17.94  36.26 ~ 21.44 5.65 0,69
Sm 0.79. 1.22 0.45 3.79 7.32 4,73 -2.13  0.20
Eu - 0,34 - 0.37° 0.11 1.03 2,23 1,70 0.76 0.17.
Gd . 70.98 1.23 0,75. 2.97. '6.28 3.90 1.76 - 0.4l
“By. - .. 0.38 -0.70 0.88 -1.32.. 3300 2.3  1.20 . 0.42
Er’° . . 0.11. 2,55 0,22 0.42 1.04, 1,01 0.35 0.19
Yo © . 0:00  0.28 " 0,08 0.31 0.00 1.18 0.12. 0.00 s .
Chondrite .~ o oy ' L
[ ’ No‘rm. - : ’ . ’ . :
' La 7.94 12,66 125 47.50 100.45 58,84 13.59 . 2.13
Ce ,5.31 '11.98 0,47 46,93’ 98,95 57,07 13.28 0.2
Nd 5.56. 9.41 1.08 30,05 60.73 35.91 9.46 " 1.16 °
e 4.01 "6.20 - 2,26 19,24 37,17 24,00 ‘10,83 1.03
. Eu 4.72 5.15 " 1.54 14.30 30.94 23.52 10.57 -2.36.
S A 3.80 .76 2.90 11.49: 24.25 15.08 6,81 1.59 S
' Dy 1.17 2,17 2,92 4,05 10.16 7.21 _3.70 1.3l e
Ly S Er . 0.53  2.55 1.04 1,95 4.87 4,75 ‘l.64 0.89 .
e S T 0.00 1.36 '0.37 1.49 -:0.00 ~ 5.68. 0.58 0.00
. N
%
~ . - >




Page 124

La +Ce
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_Figure 6.9 Light REE (La + Ce) versus P205, Ti02, Zr. and 5i02..
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- cm'nb_i‘é,' to nullify .each’ '6ther_'_a ,
Ca978). - L
,6.?.4. 'Zirponiung -

o Zr '-solubility' in peraluminous melts ' 13.‘ extreinely 16w

approximately 60 ppm Zr would be neede.d to saturate the mgma (Hatson .

g I979)- A solubility 1s inversely l:elated to uzoa/(Nazomzo), and 18
l_owered, B.til{ further by the presence ofl Fe and Ca_. c It s -1ndepen_dent
’ _6f $102 content or ﬁaZO/‘KZO ratio.- o . '

.

, Partial melting of a zircon-bearing source’ ‘produces initial:
’ "'_'lilq_i.n'ids ‘that are -~sa_tur'ate;'i in 2r, and zircori ‘persists he a :ésidu_'al"

. phase tha‘t buffars T Ir. cor{tent' ‘in the melt. Zr content3 should -

’ ..theref'or_e remain conatAnt over & wide range of percentages of partial

melting '(Watson 1979).

Zr content in the Coaker Porphyry is inversely proportiomal tc"
' "‘5102 (f;lg., 6;1‘1), and ranges from 191 ppm to 36 ppm. Zr contents__

greater than" 60 ppm reflect the presence of extra zlrcOn, of either a'

‘ ,primry cumulat’e cu'i.giul or of a xenocrystic origin.. 'l'he relationship

. with 8102 i8 not a- result of. partial melting r_ solubility .effec,ts..

NO!" do’ contents or 3102 show a correlation with alteration. . The

relationship migt therefore reflect f.ractionation . of cryst:al phaaes

. from the melt or addition of cryatal phaSea to the ‘melt.

- Page ‘126 .

effects on Eu content (see Hapson -.
8 N - B

.
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'or both’ of the following. u

'.,being the purestisample of’ the liquid.

_the magma and the ultrama.fica) Therefore, explanation (l)

. . R AN N “
e . .- - . . . ¢

2 Settliug and acc:.u:ulation of minute zircon crystals in

’siliceous magma ,is' unlikely, particularly in- view of the Coaker ,»
.Porphyry 6 proven ability to carry large ultramafic xenoliths. 'I'he ,'

’ »observed Zr behavior in the Coaker Porphyry could be the result of one"

1) Zircons trapped in phenocrysts (biotite, plagloclase, quartz)

were concentrated by differentiation,' flow differentiation ahd filter o
._'pressing are more common mechanisms of differentiation of -fe-lsic";:

' 'magmas than {s crystal settling (Burnham and Ohmoto 1981)

) 2) Zi:r'couium "content' as well -a8 the concentrations of the other

: .elementa, .' is’ a function -of - the amount of restite contained in the :

- nagma (White and Chappel 1977) the most siliceous- Coaker,',Pdrphyry'

wli.'t'h' the"possible exception of ! gloﬁeroporphyritic clumps 'df

. t.:eid's'pa_r.', - there ~ are .no obvious . re_s_tite ,naterials . or. mi‘netals L

) '(i'Iiuenitg','.'. é_;ordierite.,'. almanidine, ' si'llinanite', ' .py'rdxen'e)' in the_'_'

“(loal;e‘r ‘-P'orp'h'y.ry; -(Evidence .1‘3 presented below that the ultramafic
. ‘it.enolit-hs- -do no't represent samples of ..the . 'source' of the Coaker

‘.Por:phyry, and that the garnets are producta of the reaction between' -

Y

preferred.' 'I'h'e silicic Coaker Porphyry samples are those frou which'_'.

the phenocryst phases have been removed and ‘the mafic samples _are"

* those’ in which phenocrysts ‘were concentrated. 'I'he implication, then,

is that the mafic samples contain more phenocryats, and the felsic.

; samples ever, than actually crystallized from their particular ltquid_

ot T - Page 128

na‘
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. "jcompb_s.itio‘ns.'. o

6.."2.5 Oth.er:Tracel _Eléme_nL.B
.Rb .and ‘Pb. 1ﬂr‘1creas'e with"bbth K20 and -8102 _and: show . a strong

‘positive - correlation with each other, indicating that Rb, Pb and I(20.
“were all- ipconpatible eiements. that became -concentrated in’ the-

s residupl liguid (fig'; 6 12) 'l'he K/Rb ratio decreases slightly as Rb N

'

’ increases, indicative of biotite fractionation (Harris ‘et 'al._, ".198_3)“
(fig. 6.13).°
-The Rb/Sr ratio increaaes, and the Sr/Ba rntio 'dei:re;s’sea',' with

increaaing SiOZ (fig. 6. Ilo), both “of Hhich are indicative df

plagioclase fractionation (H&nson }9?é). “A. decrease in 'the Rb/Sr"

ratio witb incressing Sr (fig. 6 13) "1s consistent with both’,

' plagioclase and biotite fractionation (Harris et al. 1983).

Cu shown no correlati.on with 3102 2, . Pb,.or Fe203(t)‘ Zinc and -

: . lead a"re_ also inde.pendent, the former substituting ﬁor iron in mfic .
minerals (biotit,e), and the Iatter conceqtrsting in residual liquids.
'I'hese observations, and the absence of a oulfide phase such as pyrite
in the Coaker : Porphyry,: indicnte that S - was probably of little:l..'

111!POttance as ‘a component of fluid or phenoaryst phases. ’ v
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'6.3 Effecdts of contamination of the magma by ultramafic xenoliths

." i‘
. The mineral‘ogieal _end textural e"ffe_otsy of the- interacti_on between
the ultramafic xenoliths and their' host magma _are' 'di,scus}jd' \in
. : R %S

sections 6. l 4 through 6.1, 6. The effects of " the xenoliths on the °

chemistty of the Coaker Porphyry can be seen An fig. ‘6.3,, where the

' _ compositions of contaminated ‘and uncontaminated samples are plotted in
.a series of wvariation diagram, and in Table 6 4 where the average

compositions of the contaminated and uncontaminated samples are g“iven.

-Predictably, the contaminated samples are enriched in Fe203(t5 M;O
CaO, TiOZ, V, Cr, and Ni, and are depleted in Si02, NaZO, .K2_O',_ Rp,_and

Pb, relative to the uncontaminated magmas.

'l'he contaminated samples that were analyzed were those containing

relatively few xenoliths, and xenoliths were removed ftom the sampJ.e

where posaib'le. However 'because of the small size of some. xenoliths,. .

complete removal - was impossible. The:", analyses reflect - the
contributions of- Coaker Porphyry, minerals regulting from'.'r- the .
xenolith-magma reaction, and small xepoliths. s Mass b'ala'_nce )

calculations indicate that 10. to '201 ultramafic componente were

incorporated into the samples. None ef the samples analyzed has a

silica content of, less than 60Z.- - . "‘)
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6.3.1 Comparisons with the experimental system

KAlSiO4-HgZSiO4—§102—H20

’

Sekine and Wyllie (1982a and b) investigatg§ the system
KA1S104-Mg25104-5102~H20 at }ressures between 20 and 30 kbar. They
found that the interactiom between hydrous silicic liquid and
peridotite resulted in ;he pieéipitation of three mineral assemblages:.
phlogopite (Ph), phloéopite + quartz &Qz),_;@d.phlogopite,¥ enstatite
(En), accompanied by the evolution of<;%0I(V). The.three critical
reactions occurring in the sysQe; ;re (l); the quaternary eutectic
reaction Ph + Sanf@ine (Or) +Qz+Vs= L.aJ 660.C* (2) the_peritectic'

reaction Ph + Qz + V = En + L at 750 'C,' and (3) the peritectiq

réacéion Ph 4+ En + V = Fo + L at f5130 C.

* The assemblages ﬁreserved By quenching of the coqtﬁminated Goaker

Pbtehyry are Ph'+ L and Ph + Qz + L. The presénéé-bf-dué}tk"

' mégacrystglin the lattqr'case indicates precipitation in the 'Qz + L

field priqer to the precipitation of phlogopite. No eﬁstétite'(op.)

'.has been observed as a _phenocryst phase 1in contaminated Coaker
: Porfhyfy,ﬁasugg;stigg, in }1g£t of the experimeqtaf résults , that the
Ja;émp;raturgg»of;hﬁbridiz;tioq He;e low, (léy;r than T750' C in the
' HZO-satgiaEeqié;ﬁeriméﬂtdl system ~ fig. 6.,15).

»

"..'Horpblénde 18 present as. a - phenocryst phase fin contaminated

Coaker Porghyéy,v but‘ldoéé niot appear in any of the sgystems-

»

" investigated by Sekihe-hnd Wyllie (1982835‘c). These systems include

- . . .o . '
involving'ﬂatqral granite and natqfal,gﬁgidotite. Their experiments

AKAlS164;Mé29104-5102-526\.+/- €a0, Na20, and .A1203; -and an experiment




!

Figure 6.15 Mg25104 - KA15104 <~ S102 phase diagram -after

‘Sekine and Wyllie (1982a) showing possible retcig_qa‘,
paths_ for two Coaker Porphyx;y rliquids;' (LA aﬁdéﬂ. if_'
LA: LlA {s. pure liquid or liq;uid + k-sl;it. _"I't' .. ' e
reacts with' peridotite (P),.noviné towards the P |
- compesition until 1t reaches composition L2A. ' At N
; e this -f)oint, phlogopite begins to precipitate. The
' | magma 1is quenched Gat . point L3A, leaving Coaker

Porﬁhyry groundmass + phlogopite +/~ k-~spar. )

LB: LlB consists of liquid + quartz. It
're.act!l_ with per%te (P), moving towards the P
compoéj'.tion until it 'reaches"composition L2B, where
_ phlogopit’e' ljoina ' quartz as 8 crystallizing phase.
. N ’ Quenching at point'L3B gives rigse to a L (Coake'.r'
Porphyry groundmass) + Qz + Phlog composition.

- k-]
. m

«
]
e Re®
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were conducted at 20 to 30 kb;r, above -the _stabiiity ra‘n.ge_ of
hornblepc[é. The }nyl;:rldization betweén the Coaker.l’orph;'ry and 1its
xenoliths. must have occurred or continued below this pressure. The
invariant point for reactions (1) and (2) above occur at about . 0.5
kbar (Sékine .and Wyllie 1982a), iqdicatiﬁg a minimum pressd're of 0.5
kbar for the production of phlogopite. 'I'he‘ absehce of opx phenocrysts
in the .contaminated Coa;er_ Porphyry siuggests that the prgssure was

\

probably somewhat higher than the minimum. '
\

Sekine and Wyllie (1982b) h;ve determined that a garné‘g solid
solution rich in pyrope component is produced in the system Ca;A125108—
RAL1S104-Mg2S104-5102-H20 at high (30 kbar) pressure by the reaction
(4) Opx + L = Py-rich garnet +Qz + V. The garnets in the Coaker
Pc;rphyry ‘contain a: large almndine- component  {but very 1owv'

a

spessartine), but are unusually rich in Py and Gr for igneous'gartiets

-from felsic™ rocks. "I'hey correspond roughly to the compositions

" obtained by Green and Ringwood (1972) ‘by crystallization of a

garnetiferous rhyolite at 18 kbar pressure under hydrous conditions

(f1g. 6.2). Phase 'relationships determined by Green and Ringwood

'(1972) indicate that garnet is a liquidus phase in systems with high

H20, and quartz in systems with 16v H20. Interestingly, Green and
Ringwood (1972) were unable to reproduce expgri.nentally the Alm-rich’
garnets more commonly found in natural systems. The occurrence of

this? garnet 1in the Coaker Porphyry indicates hybridization at

pressures in the upper part of the hornblende étability range.

\

- >
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<

Table 6.2 gives che average copposition of the garnet from the

v
a

Coaker Porphyry, " The composition of the rock in which the garnet

“occurs is given in Tabla 6. 4. + If the rock composition is. assuméd to
correspond with the liquid coexisting with the gamet, the calculated’.
K(d) 1is large, indicating a low temperaturé below 900 le according to
Green (1977).- . : - ' '

-6.3.2 Mineral _composi.tions — experimental and natural o

Table 6.6 compares the chémlstry of Coaker . Porphyry garnets,
_Phlogopite, a}:d magne..siohornblende to garnets, phlogopite, and
clinopyroxene obtained by toh_e experln.xental mixing of a natural granite
and peridotite (Sekine and Wyllie 1982¢), and to phlogopite,
magnesiohornblende, and. clinopyroxene from a xenolith-bearing

rhyodacite assoclated with the New England Batholith, Australia (Flood

et al. 1977).

The experimentally derived minerals were obtained at 30 kbar
pressure from ~a mixture of 902 granite with 101 peridotite;
temperatures were B30 C for phlogopite, 850 C and 900 C for the

clinopyrox.ene, and 900 C for the garnet (Sekine and Wyllie 1982c).

The Ney'Ehgiand rhyodacite contains xenqliths Jf orthopyroxene,
cliﬁopyroxene, and plagioclase, and combinations thereof, which are

partially to totally replaced by magn'g_s‘ioh,ornblende' and/or bilotite.

The magma contains phenocrysts of -quartz, _and,esihe, biotite,

~

inagnesiohornblende, clinopyroxene, rare orthopyroxéne, K-feldspar, and

magmetite in a quartzofeldspathic groundmass (Flood et al. 1977).

.
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.TABLE 6.6 ,
Vi . B R . .
Comparispns\j){ineral Compositions from Contaminated Coaker Porphyry,.

New England Batholit,h, and Experimem:al Results

oxide Phlc;gopite ) Phlogbp’ite Biotite -
. (wt.2) -(Ave. C.,P.) (Ave. 4 Ml) (N.E.)

s102 = . 38.82 . - _ 36..52

T102 . 313 . 1.1 - 5,07
A1203 16,09 . L1349
FeO(t) 12,40 T 18497

MnO - 0.0 S 0.7
Mg0 16.13- - 0.6, 11,00 ¢
¢a0 . 0.00 .- - 0.4
Na20 - 0.38 . 0.0 ., .0.28
K20 © 8.80° ' - 8.82
Total =~ 95:85 ° .65 . 94.46 .

Oxid_e Hornblenae Hornblende Clinopyroxene Clinopyroxene
(wt ‘'Z) "(Ave. CP) - (N.E.) . (N.E)) (Ave. 6 Hl)
S$102 52.05 . 46,33 7 .52.65 v 55.3
. T102 * 0.54 1,49 o = —
A1203 6.12+ - B8.03 0.90 .. .. 8.78
Feo(t) 9,22 16.51 - 11,90 3.48
MnO . 0.20 - - 0.49 - 0.74 - | emeer
MgO 17.91 12,13 7 12,21 - T 11.3
Ca0 -10.20, . 10,42 T 21.13 -14,1
Na20 1.04 1.24 0,33 o S.12
Total 97.50 ~ 97.48 , - 99.86 - 98.99
Garnets’
Oxide CP . CP. ce .
(wt Z) (High M) (High Ca) (High Fe)

5102 ° 39.91 38.00 38,03 -
T102 0.22 0.15 - .0.55
A1203 22.75 - 2193 - 2194
FeO(t) 19.12 24381 26,10
 MnO | 0.4l 0.46 - '0.78
"Mg0 12012 5.75. 3.91
Ca0" 6.52 . 9,72 9.98
Cr203 ° 0,02 0.02 0.00
Total  101.07 ° 100.84  -101.34 -

/ .
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'ghe experimentaily obtained garnets are rfcher in M and "poorer

“in FeO, CaO, and T102 thnn even the most Py—rich garnet of the Coaker

Porphyry. - Similarly, the experimental phlogopite is richer in MgO and .

T 8102, | and poorer in FeO and TiOZ than the Coaker Porphyry phlogopite.

The New. England biotite hae even lower 8102 and Mgo, “and higher FeO and'

TiOZ than the Coaker Porphyry phlogopite, and 1s alio lower 4n A1203

.
N 0
~ R

than the two phlogopites. ) : i. . .

The New Eng],and mgneéiohornblende, 1ike the biotite, "1s -poorer.

in - SiOZ and Mgo and richer in FeO and 'I‘102 than its Coaker Porphyry'

equivalent.-' o DR l}

'I'he Coaker Porphy‘ry magnesiohornblende is similar in compositi,on'-' i

.tq 'th_e experimentally obtained clinopyroxEne, except that the lat.ter

has ‘a 1arge jadeite component in the pyroxenes, and hence is enriched S

in Na -and Al._ Jade’ite vge a couponent, of the original peridotite used"
in the experiment.‘ The New England clinopyroxene, predictably,_. b -

~Iower Mgo and higher in. FeO .than the experimental clinopyroxene, -

e also lacks the jadeite component. . e - .
‘ . . - | N ’ - « . . . ) . '
. 'I'he observed, differences' between the three, groups. df‘ minerals -1s

" most. ,l'ike'ly’ ar function bf the.'comp‘dsit'ion of ,the' materiél

':contamingting-' the 'magma." The experimental oontam.immt wu ‘a: partially,. '

i hydrxted- peridotite-mylonite of mntle deri,va.tion. The Coakef

Porphyry was con:ami.nated with gabbroic as well - as ultraﬁmfic'

material : contribut.ing' a larger amount of FeQ, 'T102, and Ca0 than ’

vould have been available from peridotite alone. The 'xenol.i.r.ha of-’the

New England rhyodacite are from a cumlate gabbro or an anhydrous

i




resi;iuem ’from a ﬁartisl .nelting'--event (Fload et al. .

~'fc_>r'.t'he' eved . greater FeO and TiOZ An these minerals. " Other - '
i .differences, such ag variations in CaO SiOZ,iand A1203 "are” probably»-..

3overned by factors such as partition coefficieuts among other phases

' present (such as orthopyroxene, m.sgnetite), pressure temperature, snd
o . :

P(HZO).

6.4 Rb/St’"Iso’topic Ce_ochemiétry‘._.' ' e

‘Ddta snd statistics for the Rb/Sr isotopic eompositions for eight,

N

sdmples - are’ given in Table 6. 7. One of these points, that for the-‘

I3

and was removed from the cslculati,ons. Renoval of other single points

from the calculation did ‘ot af'fect to sny great extent the slope S or’

"intercept of . the isochron. 'l'hree of these samples wste sftervsrds

" the same age ‘as’ the magm.stic event, end a. net 1oss of Rh and Sr from

. o the systen occurred. o 3

+/- 8 2 Ma for the Coeker Porphyry, and sn 1n1tia1 Sr(B?)/Sr(86) ratio'~'_'

71033 4-/-..00018 (fj,g.__ 6. 16) Indtial ratios h‘igh_er. 'then_ .706.

- . .

'_are. 1h§!1ceti_ve of, a'- sedimentary eourc_e for ‘the'n"ng'(Uhi'te_ and

- Chappel 1977 .- .. oo Lo T T Lo
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1977), accounting o

L garnetiferous Coaker Porphyry, was a lerge distsnce off _th'e isochrqn ‘;

. detemined to have been slbitlzed however, the albit:lzation evetit ‘1s

T The Sr(87)/Sr(86) v8 Rb(87)/Sr(86) disgrsm yields an- age of 645 3
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.Rb—‘_s_rf Data fdr"Cogk'e'r Po}phyr? :

- Rb(87)/Sr(86) "STD DEV Sr(B?)/Sr(86) S'rD DEV-
. 4,634780 0.046348. . . 0.739876 . 0.000116 -
- .1,507680 = 0.015077 . - - '0.718945 * 0000440 "
0 2,020390.° '0.020204 . . 0.722900° 0.000117.
. 2337370 0 0.023374 © - 0,723564  0.000829-
_ _ , +.3.050980: 0.030510° - .. 0.729054.  0,000164 . .
o oS- T 147796200 T-0.017796. - - 10.721608 - -0.000021 .
S DI o 714988540 2 0,019885 0 10,723408 . 0000033
: - '~ -70.533070 . 0.005331 . . " 0.713635 0.000057

'I'n'tercebt' CL s 104710329 /- .0.00018_3.." , L _
©. 7L slope - - © - 04006343 +/= 0.000117. -1 . L T
«w o - Age (Million years) 445,268027 47+ 8, 161694;' R :

: Covarihnce - © =0.000000- P
L Correlation: Coefficient '=0,81279% -
. e v T Chl-—equared ST L7 29,132593 O e
e - Chivsqu&l'ed N S N Co o
- :- .+ 7. Degrees of Preedom = 4.855432. S _
Degrees.of .Freedom. .3 . .6 --" =~ v oo .. o U . e

v L -
. S
. N
. . X
1 N . M .
' .
© : .
- - -
[ . . '
’ ~ - .
o
N .
. .
13 . . M
. . ,
N .
- o . '
0. L
e
I}
. .
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6.5 The source‘of the'CdakerAPqupyry.'

CUS Tl Page b

Pot?ntial'sources from whicl the Coaker Porbhyry ﬁigﬁtihaye been .. -

" derived include: - R 2 - . T
1) the mantle
. . : .

2) metavolcanics, (amphibolite)- - : Lo

3) se.diments, metasediments

> . . -

jThree factors support a volcanic or ‘mantle source for the Coaker,

o -

Porphyry. These are: . : .

“:1) the occurrence of the 6oékgr Porphyry 10 the Zoceani; ﬁbnnhge

Zone, .

2) the presenéé of ultramafic xeholiths'in the Coakéf Porﬁhyry;»"

»

"wﬁicﬁ;- according to Whité and Chappel (1977) would most likely be

"-samples of the source of the magma, and . - . L

.

"7 3) high NaZO which is characteristic of a magma derivo& from

sdurcé -that has .not undergone a surficial weathering cycle (Chappel

1
\ .

'and‘White (197&).. C e o o

However, several factors indicate that the Coaker Porphyry arose

from a. sedimen:ery rather than an 1gneous source.

1) limited SiOZ range (from 64 to 76%) is - characteriatic of '

»

- 8- type (sediment-derived) felsic suites (Chnppel and Hhite 1974 ﬂine o

. etal 1978),

\
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. TR ) t}:e high Sr(87)/Sr(86) razio of 0. 71033 +/- .oooxs preclud.es a . 1

. mantle origin_“'for_ ’the Coaker . Porphyry unless considerable
. o,
Bcatter Qf .

",contamination by crustal materiai is_ invoked. , Ihe

- puinbs- on’- the isochron strongly suggests thst such contamination is - .

L. . . . . .
3 B . . (I
- &

- o . - . . .
. - . 4

unlikely: - R o B
-3), the,pregence of'primary-iénéous muscovite is éhqragterisiiééof-'

S—-type magmas. A ) R - T

. o . 4) the corundum-normative. charéctef of thé' éoékér Porphyry,'

> ' indicates’ that the Coaﬁer Eorphyry evolved ftom a highly aluminous .

5% source. Hornblende fractionution is not indicated in fhe evolution oi-

the magma (See\pection 6.2.1.).- S o

. 5) On the pseudophase diégrém (AI-N&4K)-Cu-(Fe2+Mg);(fig: "6.17), o
_r:he " Coaker - - Pq‘p{l}"\yry - plots *  exclusively  in ' “the
biotite-cordierite-plagioclaae field " charactegii;ic of . . S=type

- _': o magmas (White and Chappel 1977, Hine et al. 1978),

.

. 6) The high NaZO content _df he Coaker Porphyry has been

. demonstrated (sec.6.2.2) to be due to albitization and 18 not a

v

. primgry_fegture,'

S ‘Finally,: several.factors suggest that ‘the ultramafic and mafic

‘ ;epolithé +in 'tﬁe Coakérg Pofph§r§ _iepreﬂentl mbtériai iqcorporafed

duringiascentjand' are 'uot' sdmpléq cof thu ‘soutce., Firstly, -th the - .
" wultramafic * enoiffhs ﬁaue"téxturul fexturés (radiating internalll . 4

‘

-‘structure, reaction rims) that indicate that a profound disequilibrium

, »

‘ exiaged. hetvegn.;the xenoliths and the .ho§t. nagmq, and that they
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Figure 6.17

Pseudophase diagram of . system (Al- Na—F) Ca-(Fe +Ng)
after Hine et al. 1978, (Closed-svstenm _uncontawinated
Coaker Porphyry .plots in the plagioclase - biotite -
cordierite field, a characteristic of S—type magmas.

N .. -
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[y

reacted \;igo.r”ously with one another (section 6,4):. .The. absence of
'_'hornblendell phenoc‘:rylsits and other minerals associated with ghe
.‘k‘e.nol‘i-t'hé from l_mg;ontaminated Coaker Porphyry cannot Ibe _explained‘_ by
-'s.elec'r.ive. removgl'l' of these phases from the magma; they ms‘t!h'ave. .

"appeared 1in contamtnated magmas as & result of the contamination.
"Diéequil-ibr@m -between host magma ‘and xenoliths is not characteristic

N

of enclaves of restitic or congeneric origin (Di_dier,l97:3).

2 -

Secondly, to obtain a peraluminous magma by partial melting' of "a

' .'lhydro.u‘s peridotite quld-n'ece:saitate'melting at pressures of less thfm_.'
20 kb;r.f :rempe'r;tgres at 'd_ep'.ths éorreepo;:di‘ng. to yrt_h'e’se/ pr"ess_ures .

+ would have to be ;nomélousl-ylhi.gh to ﬁalt_ the petidotite (Cawt;lorhe et
'g1.~ 1975). ' - B _

- . .

?‘hirdly, ‘the absence of mafiq_ and 1ntérmediate » rocks 1n the

Coaker Porphyry suire is inconsistent with an origin by fractionation

of a mafic parent magma derived from a mantle soutce. '-Furtherm_or'é,_

. the presence of large, dense wultramafic xepoliths in the felsic'

mémB_ers of this hypothétical suite qf ﬁ:tmtlé-derived ﬁngma_g 1‘5,

‘inconsistent with a fractional crystallization model. e _

,
.

o The bulk of the evidence Elndic_ates that the . Coéker. Poxphyry

originated by the partial melting of a sediment_gry or metasedimentary

: ~
-~ . ¢

source,

The Coaker Porphyry was intruded at very shallow crustal lexels

(less. than 2 km depthi. - see Chapter 4). A granitic magma that is

saturated with water cannot ascend to pressures less than.' 2 Kbar

without quehchir_:g "due to the negative slope of the water-saturated
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granite solidus surface.. That the Coaker Porphyry magma was
relatively d;y is consistent with its shalléw level of emplacement and
the scarcity of vescicleq. N
-Initiation ‘of part#al welting of a se@imentary orx Eétasediﬁentary
source involves the presence of water, either as é fluid phase or
Btrﬁcﬁurglly bognd in hydrated minerals. Melting in the second case
involves the dehydration of _these‘minetala (Huang and Wyllie 1973;
Winkler 1976). A silicate liquid need not be saturated in H20 to
precipitate muscovite -or bilotite; the initial 11401& could have a
very low (less than b.SZ) vater content (Huang ‘and Wyllie 1981).
Because the amount lof w;ter that 'is soluble in a ;111c1c-liquid
‘ déqreases with decreasing pressure, a melt formed by the dehydrafion .
of muscovite . (ylelding >8I ﬁ20 in the melt) would become
o water-saturated and solidify béfofe atﬁalning shallow crustal lévéls
o ‘(Clemens . and Wall  1981). A ﬁighet.temﬁerature melt containiné less
H?tet wvould result from the dehydration ;f biotite (Clemems and Wall

1981, Winkler 1976), .Therefore, metasediment containing biotite but
n .

no free water or muscovite is indicated as a Bource  for. the Coaker

- " Porphyry.

The following reactions involve the dehydration-melting of.

biotite:

(1) blotite + sillimanite + 2 quartz -> K—sp&r (component in

melt) + almandine + H20 (Winkler 1976)




o
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(2) Al-rich biotite + quart£ -> K-dpar component + gedrite + H20

(Wipkler 1976)

.9 : '
//13) Mg-rich biotite + plagioclase + quartz -> K-spar + Ab

‘Lomponent + hornblende +/- {lmenite (1f Fe ahd Ti high) (Winkler 1976)

-

/ R ) .
§4) bilotite + plagioclase + quartz => horpblende + k-spar +

sphene (Busch et al. 1974) = ) ‘ .-

-

(5) biotite + sillimanite + quartz + feldspars -> garnet + melt +

K-spar +/- vapor + ‘cordierite (Clemens and Wa11'1981)

(6) bilotite + quartz + feldspar -> “opx + melt +/- feldspars,

garnet + cordierite (Clemens and Wall 1981) c -

Mags~balance calculations give the best least squares fit for the

following reaction to produce Coaker Porphyry plus a.residuum:

26.05% quartz 4 35.37% blotite + 36.15% plagloclase + 2.43%
sillimanite <-> 72.88% Coaker Porphyry melt + 14,541 almandine + 5.79%

anorthite + 5.39% hypersthene + 0.92 ilménite + 0.52 Krfeldéparn

Partial melting of a blotite-rich source r#tély results in the.
complete consumption of all the biotite in the source (Winkler 1976).
Therefore, bilotite 1s.another probable residual phase in the above
dyste!. Anorthite ; in the reniduui reflects the Ca enrichment that
occﬁrs in the source as a function of removal of a melt phase. The

calculated source material contains 17.10% A1203, consistent with the

observations (section 6.3 above) that the Coaker Porphyry melt arose

from a source more aluminous than itself, .

: e PRI

i
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6.6 Summary

The Coaker Porphyry is a peréluminous S;-type rhyodacite that
formed from parti..al melting by dehydration teaétions gf‘ biotite in an,
aluminous metasedimentary source. The resulting dry silicic magma
ascended to shallow crustal levels, precipitating sodic plagioclase,
quartz, and biotite en ;:oute, and.mscovite .lnd K-feldspar in the more
‘felsic fractions. It encoﬁ_ntered and reacted with ultramafic and
mafic material to produce phlogoiﬁite, magnesio-hornblende, and garnet.
These 'reactions. took place at around 18 kbar pressure and at
temperatures belnow 900 C, indicating that the Coaker Porphyry arose

from* great depths (50 km). Effects ﬂof-‘contamination of the magma py

host sediments are not detectable. - Rydrothermal alteration occurring

penecontemporaneously with emplacement resulted in the addi'tion of

albite component to some samples, and the iearrangement of alkalis

within others. " .
. (4]
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Chapter 7

¥

The Loon Bay Suite and Dildo Porphyry

Based upon field relations, the Dildo Porphyry and the Loon Bay
suite were regarded as two physically distinct s_uites of rocks.
Ho‘-vevex_-, the two groups are petrographically and chemically
indistinguishible from one anor.her. Bath groups of rocks range from
andesitic to rhyolitic, although the tangle of the plutp'nic members 18
consi‘drerablly. more limited (tonalitic to gran.odioritic). The Dildo
Porphyry and the Loon Bay suites are therefore treated together in the

following discussion.

7.1 Petrography

Pecrographicélly, the fine-grained rocks fall into three

textural/mineralogical groups:

1) a maf{c group, corresponding to those samples having a silica
content of less than approximately 65%. These rocks are charactgrized

by an intersertal groundmass texture.

2)a cr'yptqfelsitic group, corresponding aﬁpro;imt;tely to silica
contents of greater than 652 and less than 70%. These rocks hayé a

cryptofelsitic groundmass, commonly with granophyric spherulites.
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3) a granéphyric group, corresponding approximately "to silica
contents of greater than 70!, These rocks have a granéphy_ric
groundmass or a cryptofelsitic groundmass .- containing abundant

spherulites of granophyre.

The coa;:se—grain_ed‘ Loon Bay ‘plutonic rocke range from
granodioritic to tonalitic (Floran 1971). They belong to the group of
hornblende-biotite granites that typify. the Dunnage Zone (Strong

1981).

The petrography of the Loon Bay/ Dildo Porphyry (LB/DP) suite {is

summarized in Table 7.1.

7.,1.1 Granophyre

The most felgsic members of yhe LB/DP suite are characterized . by
abundant granophyre in the grt;undmss. The granophyre. takes the form
of spherulites, many of which are cored by grains of quartz, or iess
commonly, f_e‘ldspar. Some . samples contain granophyrié phe_nqc.rysts.
Granophyre becomes less abundant in the less silicic memSera of the

suite, although intersertal granophyre is ¢ommon in the pafic group.

Myrmekite occurs around the ed of plagioclase 'ugactysts in

the coarse-grained Loon Bay granodiorites.

Also of note 18 the occurrence of s‘ecdndary granophyre in the
groundmass of Coakex Porphyry within the aureoles of Loon Bay plutons.

Granophyre does not occur in Coaker Porphyry outside “the aureoles.




!

Petrography of Dildo Porphyry

Rock Type

Silicic DP
(> 70X Ss102)

. Intermediate
DP (64 to
70X S102)

Mafic DP
(< 64X $102)

Loon Bay
plutonic
puite

TABLE 7.1

Phenocrysts

quartz (euhedral)

alkall feldspay
(sericitized)

+/~ biotite (altered

to chlorite or car-

bonate + sphene)
+/- granophyre.

alkali feldspar .
. (sericitized)

. +/- amphibole (most

commonly chlorite or
carbonate + sphene
pseudomorph)

+/- blotite (altered
to chlorite or car-
bonate + sphene)

+/- quartz

+/- opaques (pyrite,
magnetite)

plagloclase
(sericitized)
_ chlorite .
+/- bilotite
+/- quartz -
+/- opaques (pyrite,
magnetite) '

quartz
oligoclase with
myreekitic rims

A
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and Loon Bay Suite

Groundmass

Cryptofeldspaghic, commonly
with granophyric spherules
+/- plagloclase laths :

+/- epldote
accessory apatite

cryptofeldspathic -—

+/- opaques

+/=- granophyre

+/~ chlorite .
+/~ epidote - _ ) ‘.
+/- blotite '
accessory apatit;

h 4

diabasic with abundant
opaques, chlorite

+/- epidote

+/- .amphibole

+/- interstitial quartz,
granophyre i
accesgory apatite

biotite, hornblende, quartz,
oligoclase, interstitial
alkali feldspar, zircon, sphene
apatite
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Three mechanisms propdsed to give rise to granophyric texture

(Smith 1974) are:
1) devi.ttification,‘
2) metasomatism and
-3_) pf‘imary crystallization of a fluid-rich eutectic Ilelt..

.Mymekite is genetally,régarded (see S_m_.fh 1974, Hughes 1982) as
being distinct .from granophyre, ha\i?hg a different origin. Yet
Bevéral of tﬁe mechanisms p;roposed for myrmekite f9rmtion a.ré 'simila_t
to those proposed for. granophyre formation (Phillips 1972), and
Hibbard (1978) regards the dis‘tin.ction' between granophyre and
myrmekite as _arfificial. He proposes an. ori-gin by pressure quenching

of eutectic liquids on a'microscopic scale as the origin for both

"phenomena .

Although deyitrification of a glassy groundmass is not a likely
mechanism for the formation of the myrmekite in the coarse.—grained

Loon Bay granodiorite, it is possible that the granophyre in the

" groundmasses of the fine-grained .LB/DP rocks and the baked Coaker

" fluid-rich eutectic melt (by pre.ssure quenching or otherwise) is a

Porphyry originated in this way. Whereas primary crystallization of a

probable origin for the granophyre and .myrmekite in the Loon Bay

granodiorite and the fine-grained LB/DP sdite, it is not a possible'-

mechanism for producing the granophyre in baked Coaker Porphyry.
Metasomatism 1s "a ‘mechanism that cannot be discounted in any of the

three cases.
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7.1.2 Inclusions

The coarse-grained Loon Bay granddiorit_e 1s charact.erized by
abundant enclaves that locall.f comprise up to 50% of the rock (Floran
1971). These enclaves are composed ©f the pame nine;als as the' host
rock, but with a highei‘ proportion of ﬁorﬂblende and a more calcic
plagloclase (HBeyl 1935), They are poorer in qQ'artz, ‘and many - are
plractically devoid éf K-'feldspar (Floran 1971). They are rounded in
'shapé, and are generally abouf 10 cm across. Their at;sim_ilation -by

; .

i
'

host magma varies; some inclusions are distinct from the

the
surli/ounding material, others appear as vague 'ghostlike™ impressions

(Flf»tan 1971). Mafic schlieren are also characteristic of the Loon

i

Bay/ granodiorites.
|
§

f Fioran (1971) suggested that the 1nc1usl'o_na' are ‘assimilated

;-

col;'mtry rock; however several factorq indicate ..that: they are
C(}ln.genelfic inclusions (Didigr 1973): (1) their concentration in the .
céﬁtrai parts- of fhe batholith (Floran 1971), (2) their rounded shape,
(3) their diffuse contacts, and (4) they share a common. mineral suite

_with the host magma.

E_‘§c1aves in fine-r-grained‘LB/DP rocks ,a:;e rare, and were 'élnly‘
observed in two instat;cea. One is a mafic sample contﬁinin‘g xenoliths
;hat appear.to be.sim'ply coatsc.a‘.r-gr‘ained samples of their host, except
that they contain _corroded‘chronite crystals. The other is a felsic
s‘tock onr F_iﬂsh Hegd 'containing xenoliths that -rese‘m’ble \.zery fre_sh
samples of the marginal phageé of the Loon Bay granodiorites

(deformed, fine.-grained, with large zoned feldspars rimmed with
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.myrmeklite Ye

7.1.3 Alteration

Whereas the coarse-grained . Loon Bay Granodiorite samples are
relétively fresh, the finef'gr.aihed rocks of the DP/LB suite are
univetsally highiy alter_ed.. Mafic phases are reduced to assemblages
(commonly pseudomorphic after mica or amphibole) of chlori.te +
carbonate + sphene +/- epidéte, rutile, seric.ite, stilpoomelane.

Feldspa.rs are sericitized (and/or epidotized) and in some cases are

rendered opaque by alteration. These rocks are far more thoroughly

‘metasomatized than 1s characteristic.of the Coaker Porphyry.

7,2 éeo'chemistry

The LB/DP 'sui_t,é.encompasse_s samples with a range 1n'\silica of 55

to 82%, from andesitic to rhyolitic compositions (Table 7.2).- This is

a far greater raﬁge 'thar'x that of the _Coéker Porphy;y, which 18
compriserd only of rhyodaéites and _rhyolites. The LB/DP r§cka are alao’
moté mfi'; than Coaker porphyry samples of eq;xivalent .8'1021. ~ Whereas
the Coaker Porphyry can best be describ}ed as be‘longing_ to t‘hé__ silicic
series of Gree‘ln (1980), the LB/DP suite 13. distinctly calc-—alkéiine

(f1g. 7.1, 7.2).
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TABLE 7,2 : :

Loon Bay/ Dildo Porphyry:
Ma jor Elements, Norms, Trace Elements

Loon Bay Granodiorite

MAJOR
ELEMENTS 23-80 30-8Q 35-80 37-80 41-80 42-80
'$102 70.4 . 62.5 . 71.4 70,7 69,2 69.4
. T102 0.37 0.77 0.40- 0.40 0.46 0.34
¥ A1203 . 14,9 16.8 15,2 15.7 15.5 15.2
Fe203(t) 3.12 5,59 2.78 2.78 2.63 2.75
MnO 0.08 0.10 0.06 0.06 0.07  0.06
Y Mgo 1.27 3.0 1,05 1.03 1,05 1.08
: Ca0 3.13  5.40 2,30 2.76 2.28 2,21
Na20 03,99 4.30 4,08 4,07 4,03 4,06
K20 2,72 1.46- 2.66  2.81 3,30  3.04°
P205 0.09 0.20 0,12 0.08 0.11 0.09
X L.0.1. 0.37 0.55. 0.51 0.68 0,79 1,02
Total 100,34 100.68 100.56 101.07 99.42 99.25
" NORMS :
. . A -~ ) . .
Q T 26.47 13,66 29.62 27.24 25.78 26.80
OR - . 16,08 8.62 15.71 16.54 19.77 18,29
AB 33.77 36.34 34,51 34,31 34,57 34.97
AN 14,72 22,20 10.62 13.12 10.74 10.56
c ——= === 1,71 1,13 " l.44 1.45
D1 0.19 2.69 :
BY 7.51 13,68  6.34  6.27 6.13  6.61
MT 0.35 0.88 0,45 0.45 0.43 _ 0.44
IL 0.70 1.46 0.76 0.76 0.89  0.66
AP 0,21 0.46 0,28 0,18 0.26 0.21 .
TRACE
ELEMENTS
Pb 10 6 11 16 10 9
Rb _ 76 35 65 61 74 77
- Sx C1240 431 249 270 279 327
Y .23 21 20 20 21 15
2r 118 . 126 120 126 115, 118
S Zn 39 67 40 34 40 37 o o
Cu 12 29 15 16 20 12 a S Y
N1 ‘ 3 22 . "3 2 1 - 2 o
Ba - 417 300 505 " 561 . 542 761
v, 52 123 44 -39 48 52
cr 1 41 0 0 0 2
La + Ce 45 47 42 49 52 68
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TABLE 7.2 (continued)

Loon -Bay- _
Granodiorite / Silicic LB/DP
MAJOR ' ¢
ELEMENTS 45-80 24-80 26-82 28-82

5102 62.9 7
T102 0.71
A1203 16,1 1
" Fe203(t) 5.11
“MnO 0.12
Mg0O . 2,82
Ca0 . 4.22
Na20 3.83
K20 . .1.96
F205 - 0.24
L.0.1. 1.48
Total 99.49
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MAJOR
ELEMENTS

© 84102
T102
A1203
Fe203(t)

- Mn0 :

Mg0

Ca0

Na20

K20

P20S

L.0.I.

Total

'NORMS

Q
. OR
AB
AN
C

DI
BY

MT
IL

AP

Table 7.2 (continued) -

70-82

81.7
0.06

10.2
0,49
0.03
0.11
0.77
3.63
1.45
0.04
1.34

99.82

53.82
8.70
31.19
3.61
1.38

Silicic LB/DP

. 73-82° 91-82 . 96-82

73.6
" 0.23
13.9
1.65
. 0.04
.75
1.18
4,06
3.33
0.08
1.20
100.02

33,19
19.91
34,76
5.40

1.68°

70.1
0.26
13.9
1.96
. 0.06
1.02
2.37
4.08
2.15
0.11
4,32
100,33

77.1
0.06

13.1
0.58
0.03
0.19
0.58
4.11
3.29
'0.02
1.27
100.33

97-82 201-81

"72.3

0.17
14.1
1,65
0.44
2,05
3.83
2.19
0.05
2.90
99,71

75.9
" 0.03

13.5
0.90
0.04
0.21
0.90
4,58

2.39.

0.00
0.78

-99.23

1.01
0.07
0.12

0.09

10.16
0.26
0.104

0.19 -
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TABLE 7.2 (continued) ‘ P

Silicic Intermediate
MAJOR .
- ELEMENTS 207-81 32-82 46-82 60-82 63-82 67-82

$102  77.7 69,1 67.1 65.3 ‘64.7 68.9
T102 trace 0.43 0.29 0,11 0,5! 0.43
A1203 12,9 14.6 16,7 14,5 15,2  14.9 i
Fe203(t) 0.90 3.54 ' 2.46 2.71 4.29 2.6l
_ MnO 0.03 0.06 0,06 0,06 0.07 0.04
MgO 0.02 1.70 - 1.22 1.3%9 2,02 1.17:
ca0 0.36 2.78 2.98 3,56 3,47 2.96
: Na20 ~  3.89 4.61 4,98 4,05 - 4,33 4.10
~ .- K20 4.45 1,77 1.60 2.11  2.02 2.14
~ P205 0,00 0.18 0.03 0.08 0.16 0.02
L.0.I. 0.41 1.96 1,98 6.02 3,07 1.68 -
Total 100.66 100.73 99.40 99,89 99.84 98.95 °
NORMS
Q 36,49 25.63 22.92 24.24 19.75 28,06
OR ©26.23 10.59  9.71 13.28 12.34 13,00
AB 32.83 39.49 43.26 36.51 37.86 35.67
AN 1.78 12,77 14.97 16.14 16,61 14.96
- C 1.03  0.48 1,47 eo— —eee 0.52
. ‘HY 1.49 9,21 6,64 7.19 11,27 6.48
\ ’ "MT - 0.l14 0.57 0.40 0.46 0.70 0.43
: L - ---- 0.83 0.57 0.22 1,00 0.84
AP -—— 0.42 0,07 0,20 0.38. 0.05
TRACE . '
“ELEMENTS _ L ' : . .
Pb 18 5 5 11 4 9
Rb 123 27 35- . 60 39 49
St 21 380 671 290 291 353
Y o 37 10 S . 14 22 11
Zr 60 ‘158 89 120 - 183 130
Zn - 23 48 46 36 - 6l 46
Cu ' 1313 - 20 29 16 18 . :
Ni 09 0 3. 13 7 - h
Ba. 421 © 582" 447 431 626 551 : : : - .
v o2 63 43 61 - 93 44 : ) -
Cr 0 14 0 9 . 15- 3 s

La + Ce 40 64 - 26 37 55. 36




MAJOR
ELEMENTS

§102
T102 .
A1203
Fe203(t)
MnO

MgO

Cal ,
Na20’
K20
P205

L.0.1.
Total

NORMS

Q
OR
AB

AN
C

DI
HY

MT
IL
AP

TRACE
ELEMENTS

"Pb
Rb
Sr

VA 4
Zn
Cu

"N
s
Cr

"La + Ce

TABLE 7.2 (continued)

72-82

Lot (=2}
o o
&

raO~NWV

PO WWVO®
L]
NNWO &N OV

24,94
15.49
37.34

12.80
“0.60

7.12
0.56

- 0.77
0.38

12
60
307
34
206
53
11

576
36

50 -

Intermediate’
75-82 81-82 85-82 86~-82 93-82
66.1 66,3 69.6 68,2 69.9
0.56 0.23 0.29 0.20 0.31
15.2 14 .6 14.1 14,1 15,1
3.82 2.99 2.29 2.32 2.65
0.07 0.06 0.06 0,06 0.05
2.38 '1.21 1.44 1.24 1.33
3.78 2,73 2.00 2.38 1.86.
4,01 4,36 4,01 4,29 4,30
2.00 2.18 1.88 1.80 2.21
0.15 0.13 0.10 0.11 0412
2.06 4,49 4,12 4,40 2,50
100.13 99.28 99.89 99,10 100.33
22.06 24.61 32.13 29,77 29,77
12,05 13.59 11.52 11.23 13.35
34,60 38.92 35.17 38.33 37.19
17.91 13.39 9.61 11.71 8.63
-_— 0.44 2.15 1.09 2.60
0.17
11,16 7.76 8.12 6.80 7.14
0.62 0.50 0.50 0.40 0.43
1.08 0.46 0,57 0.40 0.60
0.35 0.32 0.24 0.27 0.28
16 8 7 5 11
47 62 56 48 68
404 200 339 280 307
. 22 17 - 15 13-
123 133 118 109 120
51 43 32 28 48
27 19 24 17 24
14 4 11 9 12
525 440 | 397 311 695
88 51 46 50 55
29 0 11 6. 17
35 36 37 28
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MAJOR
ELEMENTS

§102
T102
-A1203
Fe203(t)
MnO
Mg0
Cal
Na20
K20
P20S
L.0.1.
Total

NORMS

Q
OR
AB

AR
C

DI
BHY -
MT
IL

AP

TRACE
ELEMENTS

Pb
Rb
Sr
. §

Zr
Zn
Cu
Ni
Ba

\Y
Cr

La + Ce

Table 7,2 (continued)

Intermediate /[ Mafic
94-82 95-82 98-82 31-82 34-82
64,5 67.8 64,5 63.0 '63.0

0.63 0.20 0.43 0,62 0.69
15.0 14,6 15.1 14,3 15,1
3.84 2,54 4,02 4,26 S.16
0.06 0.05 0,06 0,06 0,07
2,24 1,38 2,25 2.60 3.40
3.06 2.94 3,37 2,98 2.63
4.08 3.92 3,99 4,78 &4.84
2.36 2,06 1.70 1.17 . 1,70
0.06 0.07 0.18 0.12 0.19
3.26  3.81 4,48 5.26 3.54
99.09 98.35 100.28 99,13 100.32
20,59 28,63 22,69 19.40 15,51
14,55 12.62 10.49 7.36 '10.38
36.03 34.72 35.24 43,08 42.32
15.53 . 14.79 17.26 14,91 12,20
0.33 0.80 0.66 0,04 1,00
—— s S
11.04  7.45 11.71 12.92 15.93
© 0.64 0,42 0.67 0,73 -0.85
1,12 0,40 0,85 1,25 1.35
0.14 0.17 0.44 0,30 0.45
7. 11 0 4 0
53 60 42 31 24
284 246 313 300 638
15 14 18 18 20
125 114 150 137 147
52 &S 52 52 64
23 21 22 28 28
16 14 18 Zs’f"/§:
941 526 478 287 540
9] 56 93 89 122
- 35 19 21 - 71 ‘65
417 31 42 38 49
(o)

36-82

55.1
0.43

14,3
5.16

- 0.09

3.23
5.02
3.98
1.59

0.26 -

10.59
99.45

10.53
10.57
37.90
18.52

6.25
13.70
0.93
0.92
0.68
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TABLE 7.2 (continued)

MAJOR
ELEMENTS 61-82

§102 60.6
Ti02 0.26
Al203 14.6
Fe203(t) 4.98
. MnO 0.08

Mgo 3_.80’

CaC 3.86
Na20 3.83
K20 1.67
P205 0.19

L.0.TI. 6.46

‘Total 100,33

NORMS

16,20,

10.51
34,52

18,87

Mafic

68-82 - 74-82 76-82

58.9
0.73
14,9
5.79
0.09
3.77
5.09
4.11
1.69
. 0.35
3.79
99.21

11,51
10.47
36.45
18.04

0.17
17.88
-0.85

0.53

0.47

4.96
15.67°
0.97
1.45
0.85
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7.2.1 Al1203

Like the Coaker Porphyry, the LB/DP suite 1s essentially
peraluninous. However, the i.B/DP rocks beco'a-le progruﬂvely less
c‘orunc_lum normative with decreasing $102, apd' the mafic nenberé of‘ the
suite'lre% diopjide normative (fig. T.3). Thi@,trend,. coiblnéd w{th a
negative correlation betv.e;n normative corundum and iron (fig. 7.4),

. A
strongly indicates that the Loon Bay suite evolved from a metaluminous
‘.to_ a 'pAe'r.llulinoul composition, & -trend which, in calc-alkaiine magmas,
has been convincingly linked to hornblende fractionation (Cawthorne et

al, 1975, Cavwthorne et al." 1976). .

7.2.2 ther ma jor elements

The frends exhibited by ~some of the ﬁjor' elenents, element
ratios, and trace elel_le.nt. reflect the text_urll changes in the
_g‘r dnass discussed above, in that 1n£lecf10m' occur in variation
diag 2 Vcorreaponding to approximately _6}1 and 721 §102. Fig. 7.5,
'lillu rates several Harker diagrams. : |

The mafic samples show a decrease in Ca0, Ca/Mg and Ca/Fe, ;.Pd a
éonsuﬁt E/Mg ratio up to 631 §102. For greater silica values, Cal
decreases at a lower rate, and the C_Hng. Ca/Fe, and K/Mg ratios
increase, the -1a'st_r 'd-rantic.ally. - At the same time, ‘PeO‘and T102
contents decrease -a't a steady rlltq throughout this li;lica ‘range an.d'
show no. inflection, although Mg0 appears to increase qight_ly 1o the

mafic range. These results indicate that pligioclcu vas a major

fractionating phase _Vin the mafic .tocks.\ The constant K/Mg ratio for

g
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Sio,

Figure 7.3 Normative corurfdum (Co) or diopside (Di) versus $102. The

suite becomes 1ncreasingly corundum normative with. increas- -
ing si102, indicating ‘hornblende as a fractionating phase,
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Di

Co

]

x Figure 7.4

I Y 2 3 . 4 5- 6 7
) F°2 03 .
] - . . . o ‘
Normative corundum (Co) or diopside (P1i) versus Fe203.
The trend indicates that the suite evolved fror a
metaluminous source. '

0
A

|




.

Figure 7.5 Harker Yariation diagrams, major elements: Loon

Bay granodlorite (*) and Dildo Porphyry ().
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the mafic samples and the trends shown by HgO and KZO vs 8102 indicate : - '
that. these elenents were not being remved. fr_ou t‘ne melt at this
stage,- although Fe0 and 2192 " were dectq_aning.-' _ ‘rhis.' trend .-ia
consistent with the fr'i'c't,iuonation of'.- small amounts of titatoﬁ.‘ngt.:etite.‘ )
At.6l32 $102, a férromgnesi'tn'ninetal _appeérptl;c‘)n .the liqui'd\ta,' ﬁtzd-
.remo'ved "'Fe0, Hgo and T102 relative ‘to Ca0 and K20, Thig é’attetn is
_conslstent with the fractiomtion of both homblende and biotite, as

indicated by petrognphic obserxationn."

—

The second inflection at about 72 S102  corresponds

petrographically with the development of a predoninnntly' granophryic

v

groundmass texture and the virtual ablen'ce of‘ -ific mineral ‘phases.
It is marked geochenicnlly by the levelling off of Feo Hgo, 'r102 and N

4
Ca0 at extremely low concentrationa, ‘and the abrupt increue in K20. -

1
v

Trace element patterns, which -are even more 'nrked are discussed
- . . | below.  These trenda inditate tiut these high—SiOZ samples are

tesldual- liquidn fron which alnost all ferromagnesian ninerals-have

bten extraéted,' thnt they | are the ‘extre-e end products of 4

differentiation.

On the AFM plot (fig. 76), the LB/DP suite follows &

calc-alkaline trend. thnt temimteo on the A—F ;1de11ne, 1ndicat1ng <

that hornblende was a fractionating pha.e in the differentiation of~

the pagma (Strbng and Dickson 1978).




Ng,0 +K,0 , R VY'Y

Figure 7.6 AJlk-F-V plot: Loon ‘Bay granodiorite (a) and Dilco
Porphyry (o). * '
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7.2.3 Trace elenenta_

The trace elements mimic the trends shown by\the major elements
(fig. 7.7). Ni and Cr have high but e;fatic values in the mafic
samples, and drop off sharply above 6327 Si02, foll

trend imitates Ca0., V and Zn follow iron.

Rb and Pb increase gradually with Si02 up to a 71Z, then

increase dramatically.

Rb/Sr ratio increases, and the Sr/Ba fgtio. decreases, uitﬁ ;
increasing $102 (fig. 7.8), "both of which are indicative of
plagioclase fraction;tionV(Hanson 1978). A K/Rb ratio that 'aecrenses
-~ and then levels . out with 1ncr?;ling Rb is consistent Qi;h biotite
fractionation followed by hormblende and _plngioclase ffacgionntibn.
An increase in the K/Ba rstio with 8102-.1116 ihdicitel biotite
fracfionation, although early removal ét biotite-.il not consistent

with other elggent trends or with petrographic observations,
. & .

Cu appears to decline sllghtlj. with S102 and)\ shows a vca?_

positive’ correlation with NL  (fig. 7.§), indicating that
fractionation of a minor su phase ndy ha;e been involved in thé

differentiation of the magma.

The LB/DP suite is more mafic than the Coaker Porphyry, with
higher FeO, MgO, TiO02, V, Zn and Cu at equivalent S102. The Coaker

-Porphyry is noticeably richer in Pb and Rb than the LB/DP suite (fig.

7.10); when-plotteq against $S102, the fields for these two suites do

not overldp.
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7.2.4 REE ' C .

La + Ce and Y both show a V—sha'ped trend when plotted against
5102, 1n which they decline gradually, and then increase rapidly in
the most ‘silicic samples. These elements correlate weakiy with 2r,
T10'2, and P205 over most of their range, but are decoupled at high

$i02 values (fig. 7.11).

Chondrite—nomalized vaiues of REE from - twelve _LB/DP - samples
r.a.\nging from 55 to 82% Si02 (fig.' 7.12, table 7.3) show_remarkabl);
iittle variation in pattern. All are strongly LREE-enriched, and most
have small positive Eu anomalies. - This p'atéern could result from -
hornblende, garnet, and/or zircon as -a | residual or ‘fractic.)nar.ing

phase.

7.3 The source of the LB/DP suite

.Several factors indicate thdat the LB/DP suite had a mantle or
{gneous source, arising either directly from partial melting or by

fractionation of a more mafic parent magma. These factors include:

v 1) the presence of hornblende, and evidence that hornblende

fractionation played a ﬁajor role in the evolution of the magma,

2) the plotting of the LB/DP suite in the I-type granitic fileld

on the pseudophase diagram (Al-Na-K)-Ca-(Fe2+Mg) (fig. 7.13) (White

®nd Chapel 1977, Hine et al. 1978),
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REE
CHONDRITE

LB/ DF suite

Figure 7.12 REE/Chondrite: Loon Bay/Dildo Porphyry suite
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" TABLE 7.3

Rare Earth Elements: LB/DP suite

26-82 32-82 36-82 60—82

7.66° 26.18 17.69 15.76
16.94 66.12 43,09 31.60
8.38 29.18  21.25 13.86
1.93 531 %.41  2.44
0.83 2.16 1.76 1.41
2.16 5.48 4.78 2.87
" 1.80  4.41 3,12 2.54
0.65 1.80 1,23. 1.03
0.74 °0.89 0.87+30.57
L_

. Chondrite '

Nom.

La
Ce
Nd
Sm
Eu
Gd
Dy
Ex
-Yb
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TABLE 7.3'(cont1nued)

Elements . )
(ppm) 73-82 74-82 . 86-82

La 4,06 25,53 10.37
Ce .9.68 70.76 24.70
Nd . 6.31 39,12 11.88
Sm 1,56  8.36 2.36
Eu 0.21 2.63 0.99
Gd 1.66  8.56 2.13
Dy . L1 6,21 2.08
Er - 0.36 2.67 1.33
TR 0.00 1.80 1.00

Chondrite
Norm,

La ' 32,93
Ce . 30.38
Nd. 19.89
Sm . , 11.99
Eu - ) 13.67
Gd o 8.24
by - . : : 6.39
Er 6.23
Yb 4,80
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Biotite

- .‘ -
Fel's Mg

Figure 7.13 Pseudophase diagram of system (Al—Na—K)aCa—(Fe2++Mg)
after Hine et al. 1978. LB/DP samples range from
metaluminous to peraluminous as is typical of calc-
alkaline I-type magmas. The smaller field encloses-
Loon. Bay samplaes, the larger Dildo Porphyry,
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-

-«

3) the wide range in conpoaition from andesitic to rhyolltic, e
b .

4) the low values of Pb and Rb,

E :
5) the high initial values of Cr and Ni,

k]

6) the occurrence of magnetite and sphene.

4

The ﬁost voluminous conpdéition within the range encompaésed by
e F . . .
this “suite 18 the _tonaiite—grnnodiori;e of the plutonic Loon Bay
batholiths. No rocks more maffc thﬁn andesitic are included. Thes?
.factors. indicate ;ﬂat the LB/B; suite did not evolve from a mafic
parent by ;ractional crystallization, but that the priniry magma .vas
an 1ntermedi§te aiLicic. pagma such as a'tonalite;or quartz diorite.
The andesitic ®stocks and dikes within this 'suite probably represent
cumulate-rith phases that'emerged in small quantiéies from the lower
oé outer parts of the magma chaumber., That such a congeneric wmafic
magma existed is atrested to by the presence of éhe mAfic'inclunions
in the Loon-Bay batholf{ths. The relatiiely Bigh quantltieg of NL (up
to 60 ppm) " and Cr (up to 100 ppm) 1in the andgsitic_s;nples suggést

that these compositiong were not  detived from a-é bagalt by

_$?§stallization of a MgO-rich phase such as olivine or orthopyroxene.

- The rhyolitic end of the suite represents fluid-rich residual 1liguids
of a eutectic composition, possessing a relatively high conc¢entration

of incompatible_elements.
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. 7.4 Summary

"The Loop Bay/ Dildo Porphyry :uuite is a ‘ulc-alcnlic suite. )
, consisting "of tonalit'e-granodior'it‘e batholiths and small stocks and
dikes of an.de_sitic Vthrough rhy;:litic coﬁposition. Partial‘meﬁlting of
a metavolcanic. or ;:ont.aminatt‘ed mantle .source gaﬁe ) risg to an
1nten)edi”ate silicic magma thaf. fractionated .plagibclx”se, magnetite,
homblerfd; and biotite to produce the observed. conpoaitiq@l range.
Peraluminous c;m_positlions evolved irom . n:tal\;m:}nous' mgm.l by
hombl‘endle fractioxia;ion. This is in contrast to. the Coaker Poniahyry
which l;as a primary peralunﬁnous compostion. 'I'h.e. LB/D? »sui'te ‘also
differs from the Coaker Porphyry‘ by {its higher concentra_tion:s of

comp?tible elements, and lower 1nco-pat1b1.e elements, most notably ' Pb

and Rb. The most 1mportant-d1§tinct1,on be tweew, the two ignej(s units

is that the Coaker Porphyry is an S—type' granitic rock (derived from a

sedimentary source), and the LB/DP suite ig I-type (derived from an

igneous source).




- The Mafic Intrusiomns

The wmafic -iqtrdsioni in the Dunq&ge. Helange/ include the’

pre-Caradocian’ New Bay Gabbro, Puncheon Diorife,'and Grapnel Ggqbro;

and the Devonian diabase dikes, Of these, the diabase dikes are the-

mos t gpiu;inous within the Dutdnage Melange, but clearly post-date

. . <’ o . . Page 188 -
Chapter 8 L Lo é\ .

melange formation (Chapter 4, 5). The other three mafic units are

volaumetrically minor compared to the silicic rocks discussed earlier

(Chapters 6 and 7), although dikes of the New B§y Gabb;o are _abundaht
) S . _ .
in the southwest portion of the Dunnage Melange where the Coaker

'quphyrf is absent,

8.1 Petrography

- ) . . .
h . -

"The petfograp?r of these rocks is summarized in Table 8.1.
‘ . - : ' . ’ -
8.1.1 The Puncheon Diorite -

The Puncheqn Diorite stocks have coarsé-grained, relatively

felsic 4nteriors, and finer-grained, mafic outer rims, the latter

) chqfacterized by schlieren and mafic cognate inclusions. Kay (1976)

and Jacobi and Schwelkert (1976) attributéd.thése features to crystal
séttling'and accumulation around the oﬁter portions. of the stock.
However, these mafic rims are characterized by subophitie groundmass

textures rather than cumulate textures, and are finer-grained than the

:




—

v

“ Rock Type> . Phenocrysts

. TABLE 8.1 Petrography of ‘the Mafic Intru;ions
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Groundmass

New Bay Gébbro 'P]agioclase
Augite

hY
S

‘Subophitic texture .

plagioclase, augite,
hypersthene, opaqiies,
interstitial quartz

“and alkali feldspar

Puncheon Diorite  Augite

Pldgioclase

Medium to coarse

Subophitic to intergranular
augite, serpentine, opaques ,
plagioclase, interstitial”
quartz, alkali feldspar,

and granophyre .

. A o
Grapnel Gabbro : Augite (commonly -

glomeroporphyritic)

(Ultramafic
xenoliths)

AN

Coarse subophitic texture
plagioclase, augite,
opaques, hypersthene,
interstitial quagtz,

alkali feldspar

5y .
Diabase dikes Plagioclase

4

-

Fine to medium grained o
Intergranular to subophitic
plagioclase, "augite, '
hypers thene, opaques,
interstitial quartz,
granophyre
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;e

center of the stock. Naney and éwanson (1?80) have suggested that

>

such differentiation could occur as a result of suppression of

4 . ~

plagioclasge cfystallization by Fe- and. Mg in the melt. The cooler .

outer part of the stock would solidify first and would be more mafic
~due to exclusion of the felsic coﬁaonents, which would be concentrate?'
A} .

in thé interior of the stock. The grain size difference is - simply 'a

reflection of the rate of cooling'in the inner and guter parts of the

stock.

Cognate 16clusions'gud gchlieren, according to Didier (1973), are
s;uples of relarively mafic material from the‘chilleé*m;xxin of the
body that were inéorpbrated int; the magma a5 a result of maguat ic
proéesses such as coanctiou.' Schlieren are inclusions that'h;;e been
ext;gﬁely attenuatéd by these processes. Another possible mechanisi

. . _ - .
'of incorporation of inclusions and attentuation to produce schlieren

might be high-tremperature subeolidus‘strain, for examplq, by shear

stresses on the stock during or shortly after its emplacement.

The Puncheon Diorite differs from.the other mafic Qgtrusionso'in

its. lack of orthopyroxene,' 9lthough' masses of serpentine may be

replacément‘products of drthopyroxené. Plagiaclase and augité are its

-~ -

phenocryst bhases. » E ' a
. o , .

8.1.2 Grapnel Gabbro - ) ' -

s -
The Grapnel Gabbro differs from thL

other /mafic intrysions Jin
that augite 1is its sole phenocryst phasé, gnd it contains primary
phlogopite and amphibole, and ultramafic xenoliths, The phlogopite

.

e N e
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and éﬁphibole occur most comorily in association with the augite
phenocrysts. Xenoliths are small and sparse, and resemble those found

in the Coaker Porphyry.

1
o
i

8.2 ‘Gj?hergistry ) .

. J

The four mafic rock types all plot 4in the sub-alkalipe,
tholeiitic fields of the discrimination diagrams of Irvine and Baragtar
(1971) and Mi{yashiro (1975) (fig. 8.1), and occupy éhe within-plate
tholeiite fields of Pearce alnd Cann '(1973) and Pearce and Norry (1979)
(fig. 8.2). The REE patterns (f1g. 8.3) a:'e enriched i{n 1light

v
relative to heavy REE and have negligible' Eu anomalies. These factors
indicate that the mafic intrusions arose from an undepleied mantle
éburce in at; extensional tectonic setting. Geochemical analyses are
givet; in Tables 8.2 and 8.3.
y

i

8.2.]1 Relationship to the silicic rocks

Asilica gap of 102 separates the most siliceous of the mafic
rocks from the u_ncontamimted Coaker Porphyry. A smaller gap (1)
separates the mafic rocks from the andesitic members.of the .Loon., Bay/
- Dildo Porphyry suite; however the former are tholeiites and the.
latter is calc-alkaline. Therefore, the mafic and silicic rocks in
.the area dc;> not appear to be genetically related.

) ‘ ~

[N

"The possibility was examined that the Grapnel Gabbro, with its

ultramafic xenoliths, phlogopite and magnesiohornblende, might be a

result of the reaction' between small amounts of Coaker Poprhyry magma




9;.3 Figure 8.1 Discimination diagrams showing subalkaline
tholeiitic behaviour of the wmafic intﬁsions.

A. The negative slope of the trend of S$102
ve FPeO/Mg0 for the mafic intrusions indicates that

they are tholeiitic rather than calc-alkalic

(Miyashiro 1975).

B. The mafic intrusionms plot in the

subalkaline field of the alkalis vs $102 diagram of

Irvine and Baragar (1971),
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Figure 8.2a

© DIABASE A NEW BAY GABBRO

w o

DP NClﬁgN 7 GRAPNEL GABBRO

After Pearce and Camn 1973, # = Low K tholeiitels;
B = ocean floor basalts; C = calc-alkaline basalts;

'D = within plate basalts.

a




Page 195

O DIABASE Q NEW BAY GABBRO

. O PUNCHEON O GRAPNEL GABBRO
) ~ '

DIORITE

10 20 30 40 S0 60 80 100 200 300 400 600 1000 8
2r

}

Figure 8.2b After Pearce and Norry 1979, Fields shown include o
uithin - plate basalts,
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Figure 8.3 REE/Chondrite: Mafic intrusions. NBG.= New Bay Gabbro
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TABLE 8.2

Puncheén Diorite

/

Mafic Rocks: Hajot'Elemﬁnfs, Norms, Trace Elements

ELEMENTS 50-82 221-81 222-81 223-81 226-81 232-81

$102
T102

Al203
Fe203(t)
MnO

Mg0

Ca0

Na20

K20

P205
L.O.I.

Total
NORMS

Q
OR
AB

AN
DI

HY
OL

MT
IL

AP,

TRACE
ELEMENTS

Rb
Sr

Y
2r
Nb
Zn ¢
Cu
Ni

v

Cr

51.9
1.10
16.1
9.16
-0.17
6,51
7.64
3.46
0.99
0.21
1.91
99.15

57.3
1.26

18.4
6.95
0.12
1.79
5.12
4,13
2.58
0.14
1.75

99.5%4

‘6.35

"15.59

35.74
24,59
0.3

13.4

1.13
2.45
0.33

55.0
1.24

18.2
7.36
0.12
1.55
7.01
3.82
1.89
0.21
2.62

50.0
1.14

15.3

10.99
0.19
7.30

8.03"
3.27

0.88
0.07

3.02

99.02 100.19

6,08
11.59
33.53
27 .94

5.72
10.97

1.22

2.44

0.50

]

53.0
1.05
17.2
7.35
.13
4,36
6 .54
95
1.98
0.12
3.97
99.65

12.23
34.93
24.41
7.16
16.46
1,21
1.23
2.08
0.29

52.4
0.88

16.4
8.71
0.16
6.57
8.12
2.87
1.38
0.08
2.38

99.86
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MAJOR
ELEMENTS

S102
T102
Al1203
Fe203(t)
MnO *
MgO
Cal
N&20
K20
P205
L.0.1.
Total

r

<
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‘TABLE 8.2 (continued)

18-82

54.2
0.74

- 14.5

7.29
0.19
8.76
5.30
2.43
2.46
0.14
3.08
99.09

Grapnel Gabbro

19-82  36-82

52.3 51,7
0.60 0.77

14.2 14.1
8.25 7.69
0.16 0.18
10,90 9,55
6.55 6.60
2,14 2,02
1.87 1.84
0.16 0.18
3,20 5,46
100.33 100,09




MAJOR
ELEMENTS

$102

" T102
Al1203
Fe203(t)
MnO
Mg0
Ca0
Na20
K20
P205
L.0.I1.
Total

NORMS

Q
OR
AB

AN
DI
HY
oL
MT
IL
AP

TRACE

Rb
Sr
Y
Zr
Nb
Za
Cu
Ni
v
Cr

Table 8.2 (continued)

41-82

48.9
1.73
15.8
12,08
0.19
4,89
8.26
3.23
1.08
0.24
2.46
98.86

New Bay Gabbro

43-82 77-82 79-82 100-B2

50.3
1.30
15.4
11.04
0.17
5.95
9.77
3.01
0.90
0.16
1.70
99.70

50.8
1.71

13.4

12.50

0,20

5.81
9.76
2.78
0.76
0.20
1.80
99.72

)

45,7
2.82
11.8
18.90
0.26
5.71
8.96
2.32
0.77
0.28
1.84
99.36

49.4 .

2,12
15.0
12.00

0.19

5.52

7.88

3.52

0.82

0.45

1.87
98.77
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TABLE 8.2 (continued)

" Diabase dikes

_MAJOR .
ELEMENTS 71-81 123-81 126-81 127-81 155-81

5102 54.5

T102 1.17
Al203 . 15,3
Fe203(t) . . 9.14
MnO 0'13
Mgo 4,93
Ca0 . 2.98
Na20’ . 5.33
K20 : ' 7 0,33
P205 : 0.16
L.0.I. 5.42
Total 99,39

NORMS

Q
OR
'AB
AN
DI
HY
oL
MT
IL

AP -

TRACE
ELEMENTS

Rb
Sr
Y

Zr
Nb
Zun
Cu

Ni
v

Cr

52.5
1.17

17.6
7.63
0.14
5.20
4.40

4,84,

2.79
0.21
3.33

99.p1

47.3
1.19
15.1

. 8.28
0.16
7.30

. 7.86
11.96
1.06
0.19
8.11
98.51

53.5

1.411

14.3
7.20
O.11
6.13
5.81
3.64
1.78
0.27
5.18

99,33

-~
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TABLE 8.2 (continued)

- MAJOR

Diabase dikes

ELEMENTS 169-81 227-81 263-81 306-81

$102 -~ 48,2

A1203 15.7

-Fe203(t) 9.33
MnO Gg.16
Mg0 8.28
Ca0 0 71.54
Na20 2.65
K20 : 1.13
P205 4 0.32
L.O.I. * 4,43
~ Total 99.36

NORMS
Q

OR
AB

- AN

DI

HY
OL

MT
IL

AP

TRACE
ELEMENTS
Rb
St

Y

Aq
Nb
in
Cu

Ni
v

Cr

51.2
1.85

- 15.8

9.52
0.18
5.89
6.71
2.86
0.95
0.20
4,45
99.61

45.2
1.10

14,2,
8.79
0.24
8.47
7.42
1.79

1.40 -

0.11
11,22
99.94

.53.0
1.34
15.7
8.90
0.16
5.23
- 7.27
4.22
0.75
0.16
3.20
99.93

0.16
4.58
36,92
22.41
11,37
20,07
1.47
2.63
0.38
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- TABLE 8.3
Rare Earth Elements: Mafic Intms;ons
Element New Bay- Gabbro Diabase Dike Grapnel Gabbro Puncheon Diorite -
. (ppm) 77-82 79-82: 65~81 306-81 19-82 50-82 221-81

la 44,44 21,53  6.81 11.80 12.57 21.94 9.89

Ce 115.27 60.50 18.06 34.08 31.34 60.76 25.23
Nd 74,42 41.82 13.76 21.43 16.50 45.83 14.99
Sm | -16.57 11.98 4.64° 5,70 3,50 13.65 3.79
Eu 6.45 4.00 1.58 2,13 1.05 13.65 1,30
Gd 17.81 12.08 4,56 6.28 3.64 15.94 4.76
Dy . 13,03 11.18  4.19 S5.13  2.42 13.99 5.07°
Er . 0.93 3.04 2.08 2.50 1.22 4.32 2.89 . -
Yb 0.00 1.04 1.32 1.65 - 0.89 1.93  3.04 ‘
Chondrite ' : .
Norm. : . . '
La- 141.08 68,35 21.62 37.45 39.90 69.64 31.40
Ce 141,78 74.42 22.21 41.92 38.55 74,74 31.04
Nd +124,66 70,04 23.04 35.89 27.65 76.77 25.
Su 84.12 6Q.79 23,54 28,91 17.79 69.31 19,22 -
Eu 89.39 58.34 21,92 29.52 14.48 69.29 17.94
& 68.76 46.63 17,60 -24.23 14,06 61.59 18.39
‘ . Dy 40,09 34.41 12.88 15.79 7.45 43.06 15.61
Er . 4,37 14,27 9,75 11.74 A5.74 20.26 13.59
Yb 0.00  4.99 6.35 7.94 4,30 9.28 14.63 .
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’

and large amounts of peridotite, Hdbgver, several factors 4indicate
thit this was not the mechanism of formation of the Grapnel Gabbro:

(1) A s8ilica gap of 6% exists between the Grapnel Gabbro and the

contamiﬁqted Coaker Pérphyty. One would expect to find intermediate
: . _

values as .a résult of the mixing of'a'cpﬁpiete range of ratios. of
magma and peridotite between the two extremes. . (2) Mass balance
calculations indléage'th;t thg.Grapnel GaBbro is not equivalent to any
‘combination of Eoaker Porphyry and peridotite. (3) §egine andﬁ Wyllie
(1982c¢) ‘found experimenéqlly.that the product of thé reaction between
the silicic magma and peridotite is a quartz-rich rock. Although the
Grapnel Gabbro contains 1nterst1t1q1- quart2 and granophyre in its

groundmass, normative quartz is low or absent.

8.2.2 Relationships among the mafic rocks

Although the pée-Caradocian mafic intrusions are all tholeiites

wigh similar trace element '_gpntqnts and behavior, they are
distinguished from oneyanother oﬁ the basis.of their distribution in
the fleld ﬂarea, their minéralog;,“ aqd~ their wmajor element
geochemistrf. Commonly, thgir fields do ‘not' ovérlap on variation
diagrams. } These differences are probably the result of local
inhomogenfeties in the mantle source, contamination, varying' extents
of different on, or even escape of the magma from different levélc

of the same magma/chamber. Simi{lar variations are observed in saop les

from small areas along mid-ocean ridges (see Wood et al. 1979), or

even from one dredge haal,(Miyaahiro et al 1973).

]
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Volcanic blocks from the Dunnage Melange and _volcani; units of
the Summerford Group are also tholeiitic to alkalic and plot:in fields -
of within-plate basalts on discrimination diagrams (Hibbard 1976,

”~

Wasowski 1983), | ' e .-

8.2.3 Devonian diabase dikes

Geochemical data are available for Devonian dikes from - the
northeastern Gander Zone (Jayasinghe 19783 and from the South Lake
Ignecus Complex in the 'central Dunnage "Zone (Lorenz and Fountain -
1982). The former are distinctly alkalic, and the latter show a
traﬁsitional tholeiitic ~ alkalic chracter, whereas ‘those 1ntru&ing
the Dunnage Melange 'are tholeiicic. Their .chemigtry. reflects

" variation in the mantle source across the orogen,'although they mwmost

probably arose in response to the game-tensional event.

8.3 Interpretation

The "within-plate™ character of the ﬁnfic rocks of the Dunnage
Melange 18 a reflection of their origin from an undepleted mantle
source in an extensional environment. Continental rlfting; which 18
an' early or incipient stage of ocean form#tion; produces basalts of
‘this affinity. Whereas the ;afic rocks of the Dunnage Melange are not

continental rift basalts, their regional setting is compatible with
r

their having formed in an environment of inciplent rifting in a

back-arc position. Their chemistry is inconsistent with an orxigin in

a compressional tectonic environment such as jsland art or fore arc.
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8.4 Summary

4

The Puncheon Diorite, New Bay Gabbro, and Grapnel Gabbro are'

i tholeiit_ef originating from incipient rifting in a back—-arc basin

enviroument'. They are not genetically related to the silicic rocks in

%

‘the field -area, nor is the Grapnel Gabbro the result of the reaction

between Coaker “Porphyry and iarge amounts of peridotite.. The Devonian
diabasg dikes are ‘less alkalic than those from the Gander Zone or

central Dunnage ne, reflecting differences in the mantle source

across the orogen.
<




Chapter 9.

Conclusions

-

The. D\:mnage Melange and its intrusions ’were part of a complex and
dynan}ic igneous, sedimentary and tectonic system, the local history of
which wvas characterized by penecontemporaneous sedihentation, blo.ck
faulting, olistostrome deposition, intrusion, and sediment slumping
and slidiné in Ordocician time (Chapter 5). 'I'he'1 earliest intmsio;xs

M T

are mafic tholelites with a chemistry indicative of a tensional rather

than a comp7eiona1 environment, interpreted to be related to

back-arc basinal rifting (Chapter 8). The Dunnage Formatjion was then
intruded_, penecontempoeaneously with sedimentation and melange
formation (Chapter 4), by a suite of silicic rocks that have a
\sedimengary source, yet contain abundant ultramafic. xenoliths (Chapter

6). - These intrusions were followed closely in time by a calc-alkaline

suite that was derived from an igneous or mantle source (Chapter 7).

Thé exact time at which melange formation began 18 unknown; we
only know the ages of some of the lithologies involved, and the time
at which melange formation abated (Céradoqian). The Coaker Porphyry

is 1interpreted to have intruded in the late stages of melange

formation during Lladeilian time, 1ndicating that disruption began

~
prior to this (Chapters 4,5).
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The ﬁge of the Dunnage Melange corresponds to the time during
which the destruction of t‘he ancient continental margin of North
America was .occurting. The foundering of the continental margin and
the Influx of flysch from the east began in Areni?ian time (Stevens
_}970; Uilli‘ams 1980)., This flysch he;‘alded the approach of the.
a‘llochthonous slices that were stack‘gd from 'éast to w.est and emplhced

on the continental margin by Caradocian time (Stevens 1970; Williams

1975; 1980). Thus, by Arenigian 'time, collision of the volcanic arc

with the North American continent had not only begun, but had

-

progressed to the extent that ophiolite was wuplifted and was
contributing to the filysch. The emplacement of ophiolites onto the

continental wargin during Llandvirnian-Carédocian time (Stevens 1970)

¢

places the leading edge of the continental margin, with its apron of

sediments, well down the Bsubduction =zone by Caradocian time.

Voluminous quantities of trondhjemite, tonalite. and granodiorite
contalning zircons with Grenvillian cores, occurring along tt:xe western
margin of.the D\'mnage Zone, are interprete by G. Dunning (pers.
com. 19.83) to be the result of meltdi of subducted Crenvilli_an
basement or sediments derived -from it. The Coaker Porphyry 1is

interpreted here to be the result of melting of sedimentary material

associated with the subducted leading edge of the continental margine«

"

It is proposed that lz;rgg quantities of this magma (as we_ll as
the material f.rou; ' melting of Grenvillian basément) perme_ated and
reacted with the overlying mantle. The Coaker Porphyry represents é_ )
minute sample of this magma that reached tﬁe surfaée, factlitated by

the local occurrence of block faulting. The magma carrfed with- it

al
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I

samples of the ultramafic iterial through{ which it passed, and with

which it reacted.

The Loon Bay/Dildo Porphyry suite is interpreted here to be the

result of partial melting f the hybrid mantle produced by the

reaction between the rhyodacitic¢ melts and peridotite. A _mantle
source -with crustal contaminatiion has been prqposed for this suite by
Strong and [;1ckson (1978). Wyllie and sekine (1982) and Sekine ‘and
Wyllie (1982) had.'. postulated that such a hybrid mantle, produced by
the mechanism described here, is the source of andesites and the

calc~alkaline suite.

In summary, the Coaker Porphyry arose from the partial meicing of
sediments from the leading edge of the subducted continental margin of
North America during the final stages of subdﬁction. ,I't intruded 'fhe
, uncongsolidated muds of the Dunnage Melange, its ascent facilitated by
block faul.ting. This last, along with the intrusion ' of rift-related
tholeiites and the .instability expressed by olistostrome deposition
and slumping, is an expression of - the. extensional environment- that

locally prevailed up to middle Ordovician rime, probably in a back-arc
_‘ \
setting. A siliceous caléi-alkaline suite, the Loon Bay granodiorites

21

and the Dildo Porphyry, \intruded the region as parf of the later

‘Acadian orogeny, arising from mantle contaminated by large quantities
\\

of Coaker—typé magmas.




Figure 9.1 Tectonic setting of the Dunnage: Melange- and 1ts
intrusions.

A. "The Duunage Formation formg in a back-arc e
N .

-
basinal environment.,

a

B. The closing of /lapetus involves.the overriding T 3 ] . .
of the North Auric;n continentel margin by the |

‘i1sland érc. Extensive partiall melting of subducted

sediments -and continental crust produce voluminous

quantities of S—type ums. Most of the 'mgma

remains in the ma.ntl'e wedge, where .11: reacu; with

mantle pveriéotite and solidifies, Only wminor

amounts reach shallow levels (the CoakerEPorphyry).

C. Partial melting of the contatinated mantle
‘ .
wedge gives rise to siicic ¢talc-alkaline magmas,

(Loon Bay/Dildo Porhyry. suite).
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Appendix
Map Notes for Figure 2.3

(Coaker Island) Richly garnetiferous Coaker Porphyry.

Gabbro 1ntrusio? -~ possibly part of the Puncheon Diorite suite.
Small I_)lock of Coaker Porphyry in shale.

Carbonate block. . -

and 6. Dark Hole Shale surrounded by Dunnage Melange.muds;ones.

7 Enormous (up to 30 cm dismeter) ultramafic xenoliths in
Causewvay-type Coal_cer .Porphyry. Some xenoliths contain xenoliths
thenselves. '

8. Silicified; brecciated Coaker Porphyry. Cataclastic texture in
thin secticn,

9. Well-exposed contact between hornfelsed melange and dauaeway—type
Coaker Porphyry. :

10. Abundant gabbroic xenoliths in Causeway—-type Coaker Porphyry.

11+ 1In mudstone: block of clast;auppotted conglomerate consisting of
mafic glass pebbles 1in shale.

12, Causeway-type Coaker Porphyry peperi'te at contact with midstone.
Abundant silicic xenoliths (older Coaker Porphyry 7).

13. Melange matrix contains clasts of hornfels near contact with_

Coaker Porphyry. Nearby is a carbonate block.

14, Small, lobate body of banded Coaker Porphyry.
’ = ’ [
15. Large block of carbonate breccia.

16. Collected from Coaker Porphyry in this locality: a large (5x20
cm) rectangular xenolith or phenocryst of pufe sericitized alkald
feldspar. (Fox Island).

17. Peperite dikes in Coaker Porphyry. ' ' .

18. Banded, vesicular Coaker Porphyry pillows in shale. (Fair Maid’s
Lookout). - : . "

19. Dikes of xenolith-rich Coaker Porphyry intruding purple hornfels,
Darks are flow~differentiated with xenoliths concentrated in their
centers. Hornfels preserves earlier folds.

20, Xenolith-rich Coaker Porphyry intruding an older body, of Coaker
. g

i . ~
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Porphyry that 1is paler in colour, has larger phenocrysts, and fewer

xenoliths.
\

2l. Very large diabase dike (or one with low angle of dip).

22. Carbonate block.
T &
23. Dark Hole Shale - Dunnage Melange contact along shore.

24, Low-amplitude folds 1n Dark Hole Shale (approximately 1 m
.wavelength), The folds become tighter to the north and fracture along
the hinge. '

25. Intrusion of Dildo Porphyry, cutting across bedding in Dark Hole
Shale. Intrusion contains abundant phenocrysts of milky-white quartz.

26. Bedding of Dark 'Hole Shale becomes gradually less distinct;
Dunnage character takes over.

27. Llarge block of coarse conglomerate: pebbles and stringers of
basaltic glass in calcite. '

28. Raft of Dark Hole Shale in Dunnage Melange.

29, Cherty—lboking, angular cobbles of Coaker Porphyry in blaek
mudstone. ' '

30. Puncheon Diorite, with schlieren near contact. Intruded by
Coaker Porphyry. (Pomeroy’s Island). '

31. (White Islands). Pilllowed, vesicular Coaker Porphyry in contact
with purple hornfels.

32. Coaker  Porphyry breccia 1h horofels. Slickensides indicate
tectonic brecciation rather than peperite.

33. Coaker Porphyry dike (85 cm across) sharply cuts a volcanic
block. -

34, Contorted, baked mudstone at contact with Puncheon Diorite..

-~

35. Light grey, medium-grained Puncheon Diorite intruded by aplitic
dikelets. Also contains cognate inclusions of both lighter and darker
dioritic material. Puncheon Diorite here contains highly irregular
banding or layering of leucocratic and mafic diorite.

36. Spectacular schlieren,
37. Dike of Coaker Porphyry intruding Puncheon Diorite/

38. Folded diabase dike 1in Coaker Porphy.ry,a suggests folding
contemporaneous with or later than intrusion of diabase dikes.
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) é9. Block of autobrecclated spherulitic pillow basalt with carbonate
elvedge. ) . ' ’

40. Coaker Porphyry peperite in mudstone.  Well-exposed along shore,
- parallel to contact between stock and mudstone,

41, Coolingrcracks in contact surface of Coaker Porphyry stock.
42, Spectacular mixture of boudinaged Coaker Porphyry am‘i mudstone. -
43, 1Isoclinal folds in silty shale.

44, Well-bedded, undisturbed silty shale, or bedded tuff.

AN

45, Breccia consisting of raginents of black shale, red shale,
greywacke, scoriaceous basalt\in a green shale ‘matrix,

- .
46, Coaker Porphyry with abundant large gabbroic =xenoliths, both
-dark-coloured amphibolites and light grey prehnite-quartz assemblages. -

47. Euhedral quartz megacrysts (up to B cm across) in Causeway
xenolith phase., N

48, Type locality of the Causeway xenolith phase of the Coaker
Porphyry. ’ . .

49, Birchy Islands - Intet‘mingled_ and fblded Coaker Porphyry . and
mudstone. .Coaker Porphyry is locqlly vesaicular with lobate contacts
and cracked surfaces,

50. Coaker pillows, intermixtures wilth mudstone, and breccia. Some
of this material 1s possibly extrusive, Mudstone and Coaker Porphyry
are also intermixed with mafic volcanlc pillowed flows and breccia.

51. Grapnel Gabbro stock containing small ultramafic xeno'li‘ths.
52. Small boulders of bedded carbonate.

53, Extremély fresh =xenolith-rich  Coaker Porphyry containing
-amphibole and garnet, ‘

5-’0.. Folded Coaker Porphyry dike with lobate termination.
55. -Coaker Porphyry - Grapnel Gabbro contact.

56. An island composed entirely of well~formed spherulitic pillow
basalt. :

: rd
57. Mudstone matrix containing sandy-layers and lenses, and small

- carbonate b_locks. -

. 58. .(Inspector Island) Cindery-looking, black Coaker Porphyry.
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59. White Coaker Porphyry with extremely few phenocrysts, no
xenoliths.. )

60. Intermixed and folded Coaker Porphyry and mdstone. Coaker
Porphyry stock, fyom which dikelets emerge, 1s flow-banded and
vesicular. Contains large (up to 8 mm across) muscovite phenocrysts.

61. Sillty and sandy beds in black txdstone, some folded, some
disrupted, some undisturbed.

62. .A very large limestone block, locally known as "The Limestone",
quarried approximately 50 years ago (E. C. Small, pers. com,
1981). :

63. Complexly intermixed volcanics (tuff, pumice) and matrix,
intryded by  Causeway-type Coaker Porphyry. .

. 77 R
64. large lobate "pillows” of Coaker Porphyry (up to 3 m "across)
intruding black mudstone. ’ :

65. Spherulitic pillo‘w basalt with spherules up to a cm across.

-166. 01d mine pit in a block of brecciated jasper fragments in a
black Hn-oxide + magnetite matrix. : i

67. -A series of mine pits ln a mineralized dike. (Chalcopyrite +
pyrrhotite + pentlandite). . . Wt

68. Xenolith—rich.Coaker Porphyry with small phenocrysts intruding
xenolith-poor Coaker Porphyry with large phenocrystas.

69, Pillowed Coaker Porphyry 1in mudstone. Surrounding widstone
includes Coaker fragments, some of which are rounded.

70. Isoclinaily folded beds of siltstone and shalé., Siltstone layers
. show varying degrees of disruption, boudinage, rotation.

71." Isolated pillw. of . black, -flow-banded Coaker Porp.hyry,
approximately 2x! m. Easily accessible in quarry. ' :

72. Several lel almastomosing diabase dikes, thedir orientation
controlled by slickensided fractures (related to Reach Fault) and the
presence of Coaker Porphyry.,

.73.‘ One of several plutonic cobble " conglomerates, Some‘ of - these
cobbles are petrographically and geochemically similar to the
Twillingate t'rondhjemite. : . '

74, More plutonic cobble conglomerate.
75. Mudstone with disrupted bands of siltstone and aandstone, and a

plutonic cobble conglomerate. Nearby . Coaker Porphyry is cut by a
peperite dike., : e .




Appendix B
. Key to Figure 2.3 Maps of Northeast Dunnage Melange
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Undifferentiated Silurian groups Si
New Wptld. Islaﬁd Complex : NM
. ‘Sansom Greywacke

Dark Hole Shale

=]

Chapel Formation

(=}
=]

- Simmerford Group

Volcanic blocks

O

Dunnage ‘Melange
e
Intrusions
Late dikes o .
Loon Bay Granite
Dildo Porphyry

Grapnel Gabbro

Xenolith-rich Coaker Porphyry

Coaker Porphyry

Puncheon Diorite
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