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Initiative of the G eolog ical S u rvey of Canada, condu cted u nder the
au spices of the Appalachian T G I-3 P roject as part of N atu ral R esou rces

Canada’s T arg eted G eoscience Initiative (T G I-3).
Map projection U niversal T ransverse Mercator, zone 21.

N orth Am erican Datu m  1983
Base m ap at the scale of 1:50 000 from  N atu ral R esou rces

Canada, with m odifications.
Elevations above m ean sea level are expressed in

m etres (N T S  2-E/13) and feet (N T S  2-E/12, 2-E/14, 2-L/4)
Mag netic declination 2015, 19°51'E, decreasing  11.6' annu ally.

T his m ap is not to be u sed for navig ational pu rposes.

Le sou s-sol de la partie nord-est de la péninsu le Baie
V erte (T erre-N eu ve-et-Labrador, S N R C 2-E/13 et des
parties de S N R C 12-I/4, 2-E/14 et 2-E/12) est constitu é
du  G rou pe de Ming ’s Big ht du  N éoprotérozoïqu e à
l’O rdovicien, des ophiolites du  Com plexe de Betts Cove
du  Cam brien, de la su ccession sou s-m arine de
cou vertu re des ophiolites du  G rou pe de S nooks Arm  de
l’O rdovicien, ainsi qu e d’u n assem blag e de
recou vrem ent continental inclu ant la su ite plu toniqu e de
Bu rling ton de l’O rdovicien-S ilu rien, la su ite intru sive de
S tocking  Harbou r, la su ite plu toniqu e de Confu sion Bay
et le G rou pe de Cape S t. John, tou s du  S ilu rien. T rois
m ines ont été exploitées dans cette rég ion dont deu x
g isem ents de su lfu res m assifs volcanog ènes riches en
cu ivre, dans le Com plexe de Betts Cove (m ines T ilt
Cove et Betts Cove), et u n g isem ent d’or encaissé dans
des form ations de fer, dans le G rou pe de S nooks Arm
(m ine N u g g et P ond). Qu atre phases de déform ation
rég ionales ont tou ché la rég ion, dont : D1, lim itée à u ne
faille inverse à verg ence nord-ou est dans le Com plexe
de Betts Cove et reliée à l’obdu ction des ophiolites; D2,
u ne déform ation pénétrative rég ionale accom pag née
d’u n m étam orphism e du  faciès des schistes verts; D3,
reliée à des plis transversau x, ou verts et droits; et D4,
dans la partie nord, associée à des plis cou chés et à
des  failles  d’extension   contem poraines  et  accom pa-
g née d’u ne su rim pression m étam orphiqu e du  faciès des
am phibolites.

Résum é
N ortheastern Baie V erte  P eninsu la (N ewfou ndland and
Labrador,  N T S  2-E/13, parts of N T S  12-I/4, 2-E/14, and
2-E/12) is u nderlain by the N eoproterozoic to
O rdovician Ming ’s Big ht G rou p, Cam brian ophiolite of
the Betts Cove Com plex, su bm arine O rdovician
ophiolite cover of the S nooks Arm  G rou p, and a
continental overlap assem blag e inclu ding  O rdovician-
S ilu rian Bu rling ton plu tonic su ite, S tocking  Harbou r
intru sive su ite, and the S ilu rian Confu sion Bay plu tonic
su ite and Cape S t. John G rou p. T hree m ines have
operated in this area inclu ding  two Cu  volcanog enic
m assive-su lphide deposits in the Betts Cove Com plex
(T ilt Cove and Betts Cove m ines), and g old in iron-
form ation in the S nooks Arm  G rou p (N u g g et P ond
m ine). Fou r phases of reg ional deform ation affected this
area, inclu ding : D1 restricted to a northwest-directed
reverse fau lt in the Betts Cove Com plex related to
ophiolite obdu ction; D2 reg ional, penetrative
deform ation accom panied by g reenschist m eta-
m orphism ; D3related to  open  u prig ht cross folds; and
D4in the north, related to recu m bent folding  coeval with
extensional fau lts, accom panied by an am phibolitic
m etam orphic overprint.
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D  NES CR IP T IV E O T ES
T he N ippers Harbou r m ap area in the northeast part of Baie V erte P eninsu la (N ewfou ndland and Labrador) is one of three 
new 1:50 000 scale m aps in this area that are based on new and compiled bedrock g eolog ical (inclu ding  g eochronolog ical 
and lithog eochem ical data) and rem otely sensed data (S ku lski et al., 2015a, b). T his part of the N ewfou ndland Appalachians 
is u nderlain by five tectonostratig raphic entities inclu ding : N eoproterozoic to Early P aleozoic rocks of the Lau rentian 
continental m arg in (Ming 's Big ht G rou p); Cam brian ophiolite (Betts Cove and P acqu et complexes); Lower O rdovician 
ophiolite cover (S nooks Arm G rou p); and U pper O rdovician to S ilu rian continental, volcano-plu tonic rocks (Bu rling ton 
plu tonic su ite, Confu sion Bay plu tonic su ite and Cape S t. John G rou p). T he IU G S  tim e scale of Cohen et al. (2013) is 
u tilized herein. 
T ECT O N O S T RAT IG RAP HY AN D S ET T IN G
T he Ming 's Big ht G rou p (u nit n ) is part of the Fleu r de Lys S u perg rou p and correlates with the Rattling  Brook G rou p to {OMB
the west (Hibbard, 1983). It com prises pelite, sem ipelite, psam m ite, and m inor m etacong lom erate with sm all pods of m afic 
amphibolite and fu chsite actinolite schist. T he metaclastic rocks are associated with larg er panels of m assive to pillowed, 
tholeiitic m etabasalt and amphibolite, termed P elly P oint schist by Hibbard (1983) and these are herein correlated with the 
ca. 560 Ma Birchy Com plex (u nit ; van S taal et al., 2013). O rig inally described as a continental marg in prom ontory n{Bm
(Hibbard, 1983), the Ming 's Big ht G rou p has since been recog nized as an extensional core com plex that exposes the 
Lau rentian continental m arg in (Anderson et al., 2001).

T he Cam brian Betts Cove Com plex represents the best preserved and most com plete section of ophiolite cru st on Baie 
V erte P eninsu la (Bédard et al., 2000b). T he P acqu et com plex to the west comprises correlative dism em bered ophiolite. 
A sheared serpentinite (u nit ) at the stru ctu ral base of the Betts Cove Com plex is overlain and in fau lt contact with `Ms
intru sive rocks inclu ding  layered u ltram afic cu m u late rocks (u nit ), cu m u late g abbro and pyroxenite (u nit ), `BHu `BHg
m assive g abbro (u nit ), late intru sive g abbro (u nit ) dated at 488.6 +3.1/-1.8 Ma (location 22, Table 1), and `BHm `BHlg
sheeted boninite dykes (u nit ). T he contact with the volcanic section is typically transitional and characterized by mixed `BHs
sheeted dykes and pillowed boninite (u nit ). T he Betts Head Form ation (u nit ), in the lower volcanic section `BHbs `BHb
inclu des sparsely porphyritic and spheru litic boninite pillow lavas and breccia u nits that are chem ically su bdivided into low- 
and interm ediate-T i varieties (Bédard et al., 2000b, and references therein). In contrast to the stratig raphy defined by 
Bédard et al. (2000b), the present au thors inclu de the volcanic rocks of the Mou nt Misery Form ation (u nit ) in the Betts `MMm
Cove Com plex, rather than in the S nooks Arm  G rou p (S ku lski et al., 2010). T he Mou nt Misery Formation is com posed of 
plag ioclase-phyric, pillowed island-arc tholeiitic basalt flows and breccia u nits that are interbedded with, and chem ically 
transitional to the interm ediate-T i boninite u nits. 

T he Lower to Middle O rdovician S nooks Arm G rou p (Bédard et al., 2000b; S ku lski et al., 2010) overlies the Betts Cove 
and P acqu et com plexes. T he S crape P oint Form ation rests paraconform ably to locally disconform ably on u nderlying  
ophiolite cru st. T he basal N u g g et P ond m ember (u nit ) com prises a local, basal sedim entary breccia with clasts of pillow _SPl
basalt and chert cem ented by qu artz and m ag netite (S ang ster et al., 2007), overlain by jasper iron-formation interbedded 
with mafic volcaniclastic rocks. T hese are covered by volcanic-derived tu rbiditic siltstone, wacke and crystal- to lapilli-tu ff 
u nits (u nit ) and pillowed, tholeiitic basalt (u nit ) and related volcaniclastic rocks (u nit ). T he overlying  Bobby _SPs _SPm _SPv
Cove Form ation inclu des a lower calc-alkaline pillow basalt and andesite (u nit ), overlain by a reg ionally distinctive _BCm
m arker u nit (P rairie Hat m em ber; u nit ) consisting  of clinopyroxene-phyric to m eg acrystic, interm ediate-, calc-alkaline _BCc
crystal tu ff to tu ff breccia. T he P rairie Hat mem ber is overlain by a 470 ± 4 Ma (location 16, Table 1) felsic crystal tu ff 
(u nit ), and an u pper sequ ence of mafic volcaniclastic (u nit ) and tu rbiditic, m afic epiclastic rocks (u nit ). _BCf _BCv _BCe
An iron-form ation marker u nit (u nit ) lies at the top of the Bobby Cove Form ation and consist of banded jasper or qu artz-_BCi
m ag netite iron-form ation. T he V enam s Big ht Formation consists of tholeiitic, pillowed basalt and related breccia 
(u nit ). T he overlying  Balsam  Bu d Cove Form ation consists of black, g raptolitic shale and tu rbiditic wacke (u nit ) _VBm _BBs
covered by a felsic volcanic u nit (u nit ) inclu ding  a 467 ± 4 Ma (location 14, T able 1) rhyolite overlying  the Betts Cove _BBf
Complex, and 470 ± 4 Ma (location 15, T able 1) lapilli tu ff overlying  the P acqu et com plex. T hick-bedded, volcanic-derived 
cong lom erate form s the u pper part of the form ation at Betts Cove. T he Rou nd Harbou r Formation m arks the top of the 
S nooks Arm  G rou p and consists of pillowed tholeiitic basalt and volcanog enic sedimentary rocks (u nit ). N u merou s _RHm
synvolcanic, tholeiitic g abbro sills and dykes intru de the S nooks Arm  G rou p (u nit ) and boninite u nits of the _SAg
P acqu et com plex.

S ilu rian (Llandoverian) plu tonic rocks of the Bu rling ton plu tonic su ite intru de the ophiolite com plexes and the S nooks 
Arm  G rou p cover. T hese inclu de calc-alkaline, hornblende-biotite qu artz diorite (u nit ) and biotite±hornblende ^Bqd
g ranodiorite (u nit ) dated at 441 ± 1.2 Ma (location 9,  S ku lski et al., 2015b). T he S tocking  Harbou r intru sive su ite ^Bgd see
(u nit ) intru des the Bu rling ton plu tonic su ite and inclu des peralu m inou s, biotite±m u scovite tonalite-g ranodiorite-^SHg
trondhjem ite and m u scovite-g arnet leu cog ranodiorite (Epstein, 1983). T he W enlockian to Lu dlovian Confu sion Bay plu tonic 
su ite (Cape Bru lé P orphyry, Du nam ag on g ranite, Reddits Cove g abbro, S eal Island Big ht syenite, and La S cie g ranite) and 
Cape S t. John G rou p are coeval and share com mon tholeiitic to alkaline parental m ag mas. T he Cape Bru lé P orphyry is a 
com posite early su bvolcanic plu ton comprising  tholeiitic, two feldspar–biotite–qu artz-phyric m onzog ranite (u nit ) ^CBp
dated at 429 ± 4 Ma (location 6, Table 1), with a m elanocratic, coarse-g rained, g ranodiorite to m onzog ranite phase 
(u nit ), intru sive breccia (u nit ), and you ng er qu artz-feldspar porphyry-aplite ring  dyke (u nit ). An ang u lar ^CBi ^CBix ^CBd
u nconformity separates the Cape S t. John G rou p from  the u nderlying  S nooks Arm G rou p, Bu rling ton plu tonic su ite, and 
P acqu et com plex. A lenticu lar lower sedim entary sequ ence (Beaver Cove formation; u nit ) comprises red-bu ff-^BCs
weathering  arkose and cong lomerate. T his is overlain by am yg daloidal tholeiitic basalt, alkaline basalt and hawaiite flows of 
the Long  P ond form ation (u nit ). T hese are covered by welded rhyolitic tu ff of the G oat P ond formation (u nit ) ^LPm ^GPw
dated at 427.8 ± 0.6 Ma (location 5, T able 1). O verlying  these are rhyolitic tu ff breccia with jasper and fu chsite clasts in a 
crystal-tu ff matrix of the Red Cliff P ond form ation (u nit ) and a you ng er rhyolitic tu ff breccia with blocks of basalt, ^RCPb
rhyolite, and felsic tu ff in a mafic, hig hly m ag netic m atrix (G oss P ond form ation; u nit ). T hese are in tu rn overlain by fine-^GPb
g rained rhyolitic to comenditic tu ff (Binch P ond formation; u nit ) and am yg daloidal basalt, alkaline basalt, hawaiite and ^BPt
transitional basalt of the Mathis P ond form ation (u nit ). O verlying  interm ediate to felsic lapilli tu ff u nits are su bdivided ^MPm
into the Arm chair P ond form ation (u nit ) containing  black lapilli, bom bs, and recrystallized fiam me; and the Little Caplin ^APl
Cove form ation (u nit ) with beig e lapilli. T hese are overlain by a 426.1 ± 0.5 Ma (location 2, T able 1) flow-banded rhyolite ^LCl
that inclu des K-feldspar–phyric rhyolite (W elsh's P ond formation; u nit ) that g rades westward into tu ff breccia, and ^WPr
overlying , comparatively aphyric flow-banded, hig h-K rhyolite of the Blanche P oint formation (u nit ). A welded, hig h-K, ^BPr
qu artz–two-feldspar–m ag netite felsic tu ff (Carolina P oint form ation; u nit ) is overlain by a white, hig h-K, K-feldspar ^CPr
porphyritic lapilli tu ff with elong ate sericitized pu m ice lapilli (Brent's Cove formation; u nit ). T hese are overlain by a thin, ^BCl
amyg daloidal aphyric basalt u nit (S takes P ond form ation; u nit ) and an u pper flow-banded aphyric rhyolite ^SPm
(La S cie form ation; u nit ). You ng er phases of the Confu sion Bay plu tonic su ite inclu de the m ediu m - to coarse-g rained ^LSr
Du namag on m onzog ranite (u nit ) dated at 427.2 ± 1.4 Ma (location 4, T able 1), equ ig ranu lar to layered Reddits Cove ^Dgr
g abbro (u nit ), fine- to m ediu m-g rained, S eal Island Big ht syenite (u nit ) dated at 426.3 ± 1.1 Ma (location 3, T able 1), ^Rg ^SIB
and LaS cie g ranite (u nit ) locally with abu ndant mafic enclaves (u nit ). ^LSG ^LSGa

T wo caldera-collapse cycles are recog nized in the Cape S t. John G rou p and related Confu sion Bay plu tonic su ite 
(this stu dy). T he Cape Bru lé P orphyry is interpreted as a su bvolcanic, caldera-related g ranite. Evidence for hig h-level 
emplacem ent inclu de prom inent qu artz plu s two-feldspar porphyritic character in a fine-g rained g rou ndmass, presence of 
m iarolitic cavities, reverse com positional zoning  with a m elanocratic core (u nit ) and leu cocratic rim  (u nit ), roof ^CBix ^CBp
pendants of ophiolitic cru st, dykes and plu g s of intru sive felsic breccia (u nit ), and a half-ring  dyke (u nit ) of g ranite ^CBix ^CBd
porphyry. T he extru sive equ ivalent of the Cape Bru lé P orphyry (429 ± 4 Ma; location 6, T able 1) is the precollapse welded tu ff 
of the G oats P ond form ation (u nit ; 427.8 ± 0.6 Ma; location 5, T able 1). T he first cycle of caldera collapse may be ^GPw
m arked by deposition of volcanic breccia u nits; initially with abu ndant ophiolite and cover-related basement xenoliths 
(u nit ) and later with cog nate xenoliths (u nit ) cu lminating  with caldera-fill tu ff (u nit ). Resu rg ence of the ^RCPb ^GPb ^BPt
caldera resu lted in a ring  dyke form ing  in a trap-door caldera u plift (u nit ) followed by eru ption of m ildly peralkaline ^CBd
rhyolitic tu ff (u nit ). A period of intracaldera resu rg ence involved eru ption of lapilli tu ff u nits (u nits  and ), ^BPt ^APl ^LCl
followed by eru ption of flow-banded rhyolite dom es (u nits  at 426.1 ± 0.5 Ma; location 2, Table 1, and ). T he second ^WPr ^BPr
caldera collapse event may be distal (King 's P oint caldera at 427 ± 2 Ma; Coyle, 1990) and involved eru ption of hig h-K 
welded ash-flow tu ff (u nit ), eru ption of hig h-K lapilli tu ff (u nit ), and followed by later resu rg ence and eru ption of ^CPr ^BCl
rhyolite dom es (u nit ).^LSr

ECO N O MIC G EO LO G Y
T hree m ines have operated in the N ippers Harbou r m ap area (S ang ster et al., 2007, and references therein). Copper-rich, 
ophiolite-hosted volcanog enic m assive su lphide was mined in the T ilt Cove area, where ore lenses were hosted by the Betts 
Head and Mou nt Misery formations. T he Betts Cove deposit com prises copper-rich m assive su lphide hosted by Betts Head 
form ation boninite and u nderlying  sheeted dykes. T he N u g g et P ond m ine is a past-produ cing  g old m ine where 
m ineralization was hosted by qu artz-albite-carbonate alteration in iron-form ation in the N u g g et P ond mem ber of the S crape 
P oint Formation (S nooks Arm  G rou p).
T ECT O N O MET AMO RP HIC EV O LU T IO N
At least fou r phases of reg ional deform ation have affected the rocks of the eastern Baie V erte P eninsu la (DeG race et al., 
1976; Hibbard, 1983; S tella, 1987; T remblay et al., 1997; Anderson et al., 2001; Castong u ay et al., 2009; S ku lski et al., 2010, 
among  others). In g eneral, rocks show a g eneral increase in strain and m etam orphic g rade from sou th to north across the 
m ap area. 

S tru ctu res related to D (D of Hibbard, 1983) are weakly developed or poorly preserved. In the Betts Cove Com plex, a 1 enorthwest-directed reverse fau lt, interpreted as a D obdu ction-related stru ctu re (T rem blay et al., 1997; Bédard et al., 12000b), ju xtaposes the Betts Head and Mou nt Misery form ations ag ainst cu m u late peridotite, sheeted dykes, and 
serpentinite. T he D phase is interpreted as related to obdu ction of ophiolite rocks, arc collision of the Baie V erte O ceanic 1T ract, and attem pted su bdu ction of the au tochthonou s m arg in du ring  the Taconic O rog eny (W aldron et al., 1998; van S taal et 
al., 2007). P ost-D, pre-D north- to northwest-dipping  brittle-du ctile norm al fau lts were interpreted by T rem blay et al. (1997) 1 2to m ark m ost of the contact between the northern Betts Cove Com plex and the Cape S t. John G rou p, and sou thward, 
between the talc-serpentine schist and the S nooks Arm  G rou p or Cape Bru lé P orphyry. 

P enetrative D deform ation (D of Hibbard (1983); D of Anderson et al. (2001)) is accom panied by g reenschist-facies 2 m 1m etam orphism. In the sou thern part of the peninsu la, S  is a steep to m oderately northeast- to northwest-dipping  spaced 2cleavag e. Mesoscopic F folds are rarely observed, bu t reversal of pillow tops and m ap-scale distribu tion of marker horizons 2su g g est that m acroscopic F folds are present. In the northern part, the S  schistosity is axial planar to a series of m ajor close 2 2to tig ht, u prig ht to overtu rned east- to northeast-trending  F folds. T he D fabrics are associated with du ctile to brittle-du ctile 2 2sou th- to sou theast-directed shear zones, su ch as the fau lt that ju xtaposes the Cape S t. John G rou p and Cape Bru lé 
P orphyry ag ainst the Betts Cove Complex (T remblay et al., 1997; Bédard et al., 2000b). T he D deform ation is characterized 3by open, u prig ht F cross folds that vary in style and fold plu ng e depending  on the orientation of earlier stru ctu res. T hese 3north-trending  folds are locally associated with a su bvertical axial-planar cleavag e. T he D and D stru ctu ral phases are 2 3interpreted to form  part of a prog ressive deform ation associated with the S alinic O rog eny (S ku lski et al., 2010) that led to 
strain partitioning  in an overall sinistral transpressional reg im e (W aldron et al., 1998). S alinic deform ation and 
m etam orphism are locally constrained to be less than 426 Ma (location 2, T able 1; ag e of D deform ed u pper Cape S t. John 2G rou p) and as you ng  as 417 Ma (location 41 and 103, Table 1; Ar/Ar hornblende and biotite ag es). T he later ag e (417 Ma) 40 39

constrains the ag e of m etam orphism of the ca. 440 Ma phase of the Bu rling ton plu tonic su ite (u nits  and ), insofar ^Bgd ^Bqd
as it is a depositional basem ent to the ca. 427 Ma King 's P oint volcanic com plex in sou theastern Baie V erte P eninsu la.

T he fou rth deform ation phase (D of Hibbard (1983); D  of Anderson et al. (2001)) is recog nized in the northern part of L 2–3the m ap area. It is characterized by shallowly inclined to recu m bent, open to tig ht F folds that are interpreted as cog enetic 4with sou theast-dipping  du ctile-brittle extensional shear zones (Anderson et al., 2001). An axial-planar S  fabric, m ainly 4form ed by transposition of S , dips shallowly to the sou theast. D is locally the dom inant stru ctu re in the Ming 's Big ht G rou p, 2 4where it is associated with an amphibolite-facies m etam orphic overprint (with Ar/Ar hornblende ag es from  405 Ma 40 39

(location 65, T able 1) to 359 Ma (location 59, T able 1); 385 Ma titanite (Location 30, T able 1), and Ar/Ar m u scovite from  40 39

365 Ma (location 82, T able 1) to 358 Ma (location 84, Table 1); Anderson et al., 2001), which has also affected the 
northwestern exposed part of the Cape S t. John G rou p. Later (D of Anderson et al., 2001) m oderately to steeply sou th- and 3north-dipping  du ctile-brittle norm al fau lts overprint contacts of the Ming 's Big ht G rou p. T he D phase is interpreted to have 4initiated prog ressive extensional u nroofing  of the Ming 's Big ht G rou p du ring  an overall dextral strike-slip (transpressional to 
transtensional) reg im e (W aldron et al., 1998; Anderson et al., 2001). S everal northeast-trending  fau lts occu r in the 
sou thwestern part of the m ap area. T hey affect the S ilu rian intru sions with system atic apparent dextral offsets and are 
probably related to the G reen Bay Fau lt, ru nning  offshore N otre Dam e Bay (Hibbard, 1983).
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van S taal et al., 2013).
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Loc ation Nam e Status Com m odity Se c ondary c om m odity

1 Betts Cove inem P ast rodu cerp Copper G old, incz
2 T ilt Cove inem P ast rodu cerp Copper G old, ickel, ilver, incn s z
3 N u g g et P ond inem P ast rodu cerp G old Copper, ilvers

Table  2. P ast-produ cing  m ines.

Loc ation Nam e Com m odity Se c ondary c om m odity

Table  3. Drilled prospects.

6 Foote P ond Copper Zinc, old, ilverg s
7 Rog u es Harbou r Copper G old, eadl
13 N ippers Harbou r Copper Copper Iron
27 Mou nt Misery Copper G old, opper, inc,ilver c z  s
40 Long  P ond (N u du lam a) Copper G old, ead, ron,l i
41 Mu irs P ond Copper S ilver, old, ron, ickel, obaltg i n c
44 Mu d P ond G old Copper, ickel, alcn t

Loc ation Me thod Mine ral Roc k type Age  (Ma) Inte rpre tation Note Re fe re nc e

2 U /P b-T IMS Zircon Flow-banded 
rhyolite ^WPr 426.1  0.5 ± Crystallization ag e S ku lski et al., 2012

3 U /P b-T IMS Zircon Coarse-g rained 
syenite ^^IB 426.3  1.1 ± Crystallization ag e S ku lski et al., 2012

4 U /P b-T IMS Zircon Monzog ranite ^Dgr 427.2  1.4 ± Crystallization ag e S ku lski et al., 2012

5 U /P b-T IMS Zircon W elded tu ff ^GPw 427.8  0.6 ± Crystallization ag e S ku lski et al., 2012

6 U /P b S HRIMP Zircon Qu artz-feldspar 
m onzog ranite ^CBp 429  4 ± Crystallization ag e S ku lski et al., 2012

14 U /P b S HRIMP Zircon Rhyolite flow _BBf 467  4 ± Crystallization ag e S ku lski  et al., 2010

15 U /P b S HRIMP Zircon Felsic lapilli tu ff _BBf 470  4 ± Crystallization ag e S ku lski  et al., 2010

16 U /P b S HRIMP Zircon Felsic tu ff _BCc 470  4 ± Crystallization ag e S ku lski  et al., 2010

22 U /P b-T IMS Zircon Coarse-g rained  
qu artz g abbro `BHlg 488.6 +3.1/-1.8 Crystallization ag e Du nning  and Krog h, 1985

30 U /P b-T IMS T itanite Biotite 
m onzog ranite ^D rg 385  1 ± Metam orphism S ku lski et al., 2012

32 U /P b-T IMS R u tile Chlorite chist s
(shear zone) n{_MB 380  2 ± Cooling  ag e Anderson et al., 2001

33 U /P b-T IMS Microlite P eg m atite
n{_MB 355  2 ± Cooling  ag e Anderson et al., 2001

40
40 39Ar/Ar fu rnace 

step-heating Am phibole G ranodiorite ^Bgd 421  5 ± Metam orphic cooling  ag e See  note 3. Dallm eyer and Hibbard, 1984

41
40 39Ar/A fu rnace r

step-heating Am phibole G ranodiorite ^Bqd 417  5± Metam orphic cooling  ag e See  note 3. Dallm eyer and Hibbard, 1984

44
40 39Ar/A fu rnace r

step-heating Am phibole _VBm 357  5 ± Metam orphic cooling  ag e See  note 3. Dallm eyer and Hibbard, 1984

46
40 39Ar/A fu rnace r

step-heating Am phibole n{Bm 369  5 ± Metam orphic cooling  ag e Recalcu lated as 4 step plateau  (98% 39

see note 2 Dallm eyer, 1977

48
40 39Ar/A fu rnace r

step-heating Am phibole _VBm 352  5 ± Metam orphic cooling  ag e See  note 3. Dallm eyer and Hibbard, 1984

59
40 39Ar/A fu rnace r

step-heating Am phibole n{Bm 359  5 ± Metam orphic cooling  ag e See note 3. Dallm eyer and Hibbard, 1984

60
40 39Ar/A fu rnace r

step-heating Am phibole Mafic dyke ^Dgr 379  2 ± Metam orphic cooling  ag e See  note 3. Anderson et al., 2001

61
40 39Ar/A fu rnace r

step-heating Am phibole Mafic dyke n{_MB 382  8 ± Metam orphic cooling  ag e See note 3 Anderson et al., 2001

62
40 39Ar/A fu rnace r

step-heating Am phibole Mafic dyke n{_MB 390  9 ± Metam orphic cooling  ag e Fau lt-bou nded m afic sliver ;see note 3. Anderson et al., 2001

63
40 39Ar/A fu rnace r
step-heating Am phibole G abbro _Su 477  6 ± See Anderson et al., 2001

64
40 39Ar/A fu rnace r

step-heating Am phibole Am phibolite _Su 379  21 ± Metam orphic cooling  ag e Am phibolite m ylonite, fau lt sliver ;see note 3. Anderson et al., 2001

65
40 39Ar/A fu rnace r

step-heating Am phibole Am phibolite _BCe 405  8 ± Metam orphic cooling  ag e P olydeform ed am phibolite  ;see Anderson et al., 2001

66
40 39Ar/A fu rnace r

step-heating Am phibole Am phibolite _BBs 384  5 ± Metam orphic cooling  ag e Mylonitic am phibolite  ;see note 3. Anderson et al., 2001

78
40 39Ar/A laser         r
step-heating Mu scovite S chist ^MPm 37.  2.1 99± Metam orphic cooling  ag e P seu do-plateau , 81% g as released,                                    

1 step dropped

81
40 39Ar/A fu rnace r

step-heating Mu scovite P eg m atite n{_MB 365  3 ± Metam orphic cooling  ag e See  note 4. Anderson et al., 2001

82
40 39Ar/A fu rnace r

step-heating Mu scovite S chist n{_MB 365  3 ± Metam orphic cooling  ag e Mu scovite defines S ;  note 4.4 see Anderson et al., 2001

83
40 39Ar/A fu rnace r

step-heating Mu scovite S chist n{_MB 361  3 ± Metam orphic cooling  ag e Big  Brook shear zone  ;see note 4. Anderson et al., 2001

84
40 39Ar/A fu rnace r

step-heating Mu scovite P eg m atite n{_MB 358  3 ± Metam orphic cooling  ag e Deform ed eg m atite dyke  p ;see note 4 Anderson et al., 2001

85
40 39Ar/A fu rnace r

step-heating Mu scovite S chist n{_MB 364  3 ± Metam orphic cooling  ag e Mu scovite defines S ;  note 4.4 see Anderson et al., 2001

86
40 39Ar/A fu rnace r

step-heating Mu scovite S chist n{_MB 362  3 ± Metam orphic cooling  ag e Mu scovite defines S ;  note 4.4 see Anderson et al., 2001

87
40 39Ar/A fu rnace r

step-heating Mu scovite S chist n{_MB 361  3 ± Metam orphic cooling  ag e See  note 4. Anderson et al., 2001

88
40 39Ar/A fu rnace r

step-heating Mu scovite P eg m atite n{_MB 364  2 ± Metam orphic cooling  ag e Deform ed eg m atite  p ;see note 4. Anderson et al., 2001

89
40 39Ar/A fu rnace r

step-heating Mu scovite S chist n{_MB 366  3 ± Metam orphic cooling  ag e Mu scovite defines S ;  note 4.4 see Anderson et al., 2001

93
40 39Ar/A fu rnace r

step-heating Biotite _VBm 342 5 ± Metam orphic cooling  ag e See  note 3. Dallm eyer and Hibbard, 1984

103
40 39Ar/A fu rnace r

step-heating Biotite G ranodiorite ^Bgd 417  10 ± Metam orphic cooling  ag e Discordant spectru m ; reported plateau  ag e                               
(6 steps) ;see Dallm eyer and Hibbard, 1984

104
40 39Ar/A fu rnace r

step-heating Biotite S chist n{_MB 352  5 ± Metam orphic cooling  ag e T otal g as ag e  ;see note 2. Dallm eyer, 1977

105
40 39Ar/A fu rnace r

step-heating Biotite S chist n{_MB 339  4 ± Metam orphic cooling  ag e Fou r-step plateau  ag e  ;see note 3. Dallm eyer and Hibbard, 1984

106
40 39Ar/A fu rnace r

step-heating Biotite G ranite ^Dgr 346  5 ± Metam orphic cooling  ag e Reported plateau  ag e (5 step) ;see note 3. Dallm eyer and Hibbard, 1984

108
40 39Ar/A laser       r
step-heating Biotite S chist ^MPm 37.  2.186± Metam orphic cooling  ag e P seu do-plateau , 35% g as released. Castong u ay et al., 2010

Table  1. G eochronolog ical data.

Code

Note s
1 40  ag es (new and historical data) have been calcu lated u sing  a total K decay constant of 5.463E-10 (Min et al., 2000). S om e plateau  ag es (indicated in table) have been recalcu lated u sing  Isoplot version 3.7 40Ar/A39 r

of Ken Lu dwig  u sing  recalcu lated ag es of steps (in lig ht of revised decay constant and internal standard ag es) u sing  N oah Mclean's ArArReCalc_7-31-09. 
2 Recalcu lated u sing  ag e of Biotite standard S B-2 as 164 Ma revised from  orig inal valu e of 160.2 Ma in lig ht of revised K decay constant (note 1).40

3 Recalcu lated u sing  an ag e of MMhb-1 hornblende standard of 523.1 Ma (R enne et al. 1998) revised from  orig inal data calcu lated u sing  an ag e of MMhb-1 of 519.5 Ma (Alexander et al. 1978)., ,
4 Recalcu lated u sing  an ag e of MMhb-1 hornblende standard of 523.1 Ma (R enne et al. 1998) revised from  orig inal data calcu lated u sing  an ag e of MMhb-1 of 520 Ma (S am son and Alexander 1987)., ,

S chist

S chist

S chist

S chist

S chist

91 _BBf

40 39Ar/A laser         r
step-heating Felsic phylliteMu scovite 369.3  2.0± Metam orphic cooling  ag e Com bined plateau  from  two aliqu ots, Castong u ay et al., 201086% g as released.

cu ts F fold3

.

.

.

.

.

Castong u ay et al., 2010
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Figure  1. Map sou rces 1 = Anderson, 1998; 2a = Bédard et al., 1999; 2b = Bédard et al., 2000b; 3 = Coates, 1970; : 
4 = Colman-S add and Crisby-W hittle; 5 = DeG race et al., 1976; 6 = Epstein, 1983; 7 = Hibbard, 1983; 8 = P iercey, 1996; 
9 = S heppard et al., 1987; 10 = S tella, 1987.

Be tts He ad Form ation: spheru litic, qu artz am yg daloidal, sparsely olivine+
chrom ite+orthopyroxene-phyric boninite pillow lavas with aphanitic dark-g reen 
g rou ndm ass. S everal breccia types occu r (Betts Cove Com plex), inclu ding  
pillow breccia, fau lt breccia, heterolithic talu s breccia cu t by evolved boninite, 
g abbro, or hyaloclastite. 

`BHb

O phiolitic  intrusive  roc ks
 

Mixed dykes and lavas; dyke swarm s with 2–10 m  wide septa of spheru litic 
pillow lavas.`BHbs

S heeted dykes; inclu des: chrom ite+olivine+orthopyroxene-phyric boninitic; 
sparsely porphyritic red-weathering  boninitic, blu e-g reen–weathering  diabasic; 
and pink-weathering  m icrog abbro. Basal and u pper contacts are g radational or 
fau lted. Locally, plag ioclase-phyric dykes cu t aphyric g abbro dykes.

`BHs

Dom inantly m assive g abbro-g abbronorite, su bordinate hornblende diorite and 
trondhjem ite, locally plag ioclase-phyric or layered, dated at 488.6 +3.1/-1.8 Ma 
(Loc. 22, T able 1), Betts Cove Com plex.

`BHlg

Massive m ediu m - to fine-g rained g abbro cu t by g abbroic dykes.`BHm

Layered peridotite inclu des poikilitic lherzolite, and su bbordinate harzbu rg ite 
and du nite with boninitic affinity, com m only serpentinized; and layered 
pyroxenite (inclu des orthopyroxenite, clinopyroxenite, and websterite).

`BHu

S erpentinized u ltram afic rocks, m ay represent oceanic m antle and/or layered 
u ltram afic cu m u late rocks (̀BHu). Locally with talc-m ag netite-m ag nesite-
ankerite alteration.

`Ms

NEO PRO TERO Z O IC–(?) LO W ER O RDO VICIAN
 Fle ur de  Lys Supe rgroup

 Ming's Bight Group
 U nseparated bu ff- to g rey-weathering  psam m itic and sem ipelitic to g raphitic 

schist containing  pods of m etag abbro and coarse actinolite schist, and banded 
m afic m etawacke. Locally, bou dinag ed and folded vein qu artz (tectonic clasts) 
g ive appearance of clastic textu re.

n{_MB

NEO PRO TERO Z O IC: EDIACARAN
 Birc hy Com ple x 

 
T holeiitic m etabasalt, locally pillowed and plag ioclase-phyric, am phibolite, 
and m etag abbro.n{Bm

Litholog ical or stratig raphic contact
 Defined
 

Approxim ate
 

Inferred
 

U nconform ity
 Approxim ate
 

Fau lt or shear zone
 Approxim ate
 

D1 thru st or reverse fau lt
 Approxim ate
 

D2 thru st or reverse fau lt
 Approxim ate
 

N orm al fau lt
 Approxim ate
 

F2 axial trace of anticline
 U prig ht
 

O vertu rned
 

F2 axial trace of syncline
 U prig ht
 

O vertu rned
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F4 axial trace of synform
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 Dyke
 Inclined
 V ertical
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 Axial plane of fold
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 G eochronolog y location (see T able 1)
 U -P b ag e data in Ma 
 40Ar/39Ar ag e data in Ma 
 Mine (see T able 2)
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 Drilled prospect (see T able 3)
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Flow banding

SILURIAN: W ENLO CK–LUDLO W
 Confusion Bay plutonic  suite

 Synvolc anic  intrusive  roc ks
 

Qu artz-feldspar porphyry sills, dykes, and plu g s (m ay be equ ivalent to ̂CBd).^qfp

La Sc ie  granite
 

Fine- to m ediu m -g rained pink biotite g ranite, locally feldspar porphyritic.^LSG

Biotite g ranite containing  abu ndant m afic xenoliths.^LSGa

Se al Island Bight sye nite : g rey-weathering , fine- to m ediu m -g rained, 
riebeckite-bearing  syenite; dated at 426.3 ± 1.1 Ma; (Loc. 3, T able 1).^SIB

Re ddits Cove  gabbro: dark g rey-g reen, fine- to m ediu m -g rained, equ ig ranu lar 
pyroxene g abbro. Locally layered with coarse ilm enite.^RG

Dunam agon granite : m ediu m - to coarse-g rained, pink biotite m onzog ranite 
dated at 427.2 ± 1.4 Ma (Loc. 4, T able 1).^Dgr

Cape  St. John Group
 U nseparated Cape S t. John G rou p; m ay inclu de clastic, pink-red sedim entary 

rocks, m assive am yg daloidal m afic volcanic rocks, and/or abu ndant felsic 
vocanic rocks and m etam orphic equ ivalents.

^CSJu

La Sc ie  form ation: very fine-g rained, hom og eneou s, white-weathering  and 
dark g rey, aphyric rhyolite with well form ed flow banding .^LSr

Stake s Pond form ation: dark g rey–weathering , m assive, am yg daloidal 
aphanitic and aphyric basaltic flows. ^SPm

Bre nt's Cove  form ation: white hig h-K rhyolitic lapilli tu ff (recrystallized) with 
elong ate, sericitized pu m ice lapilli (1–5 cm ) and abu ndant feldspar phenocrysts.^BCl

Carolina Point form ation: brown-white–weathering , qu artz-K-feldspar-
plag ioclase-m ag netite (to 0.5 m m ) sparsely phyric, welded hig h-K rhyolitic tu ff.^CPr

Blanc he  Point form ation: fine-g rained, flow-banded, white-g rey hig h-K rhyolite. 
S parsely porphyritic with plag ioclase and sm all (1 m m ) qu artz phenocrysts. ^BPr

W e lsh's Pond form ation: flow-banded, K-feldspar rhyolite g rades westward 
into breccia with pu m ice, rhyolite and tu ff blocks; dated at 426.1 ± 0.5 Ma 
(Loc. 2, T able 1). 

^WPr

Little  Caplin Cove  form ation: beig e lapilli tu ff (dacitic to hig h-K rhyolitic) with 
pale brown-beig e lapilli, with K-feldspar phenocrysts in an aphanitic g rou ndm ass. ^LCl

Arm c hair Pond form ation: lapilli tu ff with black lapilli, bom bs, and recrystallized 
fiam m e, locally qu artz-K-feldspar-plag ioclase-phyric within a white fine g rou nd-
m ass. O n Confu sion Bay, u nit inclu des interm ediate-felsic am phibolitic schist.

^APl

Mathis Pond form ation: m assive, vesicu lar to am yg daloidal dark g reen-brown 
basalt, alkaline basalt, hawaiite, and transitional basalt flows. Com prise m afic 
am phibolite in the northwest.

^MPm

Binc h Pond form ation: fine-g rained rhyolitic, to com enditic recrystallized tu ff 
with clasts of tu ff, feldspar, and qu artz crystals in a g reenish, chloritized m atrix.^BPt

Goss Pond form ation: rhyolitic tu ff breccia with poorly sorted blocks of basalt, 
rhyolite, pu m ice, and tu ff in a hig hly m ag netic m atrix. Inclu des reworked 
epiclastic deposits to the east.

^GPb

Re d Cliff Pond form ation: rhyolitic tu ff breccia and crystal tu ff with jasper, and 
fu chsitic clasts; coarse, partly resorbed qu artz and eu hedral K-feldspar 
phenocrysts, in a beig e-orang e m atrix (locally welded).

^RCPb

Goat Pond form ation: pinkish-g reen, rhyolitic welded tu ff with scarce, 2–10 cm  
lapilli in a tu ffaceou s g rou ndm ass; dated at 427.8 ± 0.6 Ma (Loc. 5, T able 1).^GPw

Long Pond form ation: m assive, g reen-pu rple, vesicu lar or am yg daloidal 
tholeiitic basalt, alkaline basalt and hawaiite locally intercalated with 
sedim entary rocks.

^LPm

Be ave r Cove  form ation: beig e to red-g rey, crossbedded, coarse-g rained 
calcareou s arkose and pebble cong lom erate containing  volcanic clasts.^BCs

Early synvolc anic  intrusive  roc ks
 Cape  Brulé Porphyry
 

Qu artz-feldspar porphyry, locally aplite, ring  dyke.^CBd

Dykes and plu g s of intru sive felsic breccia.^CBix

W hite-pink, locally m odally layered, qu artz-two feldspar-biotite porphyritic 
m onzog ranite with a fine- to m ediu m -g rained g rou ndm ass. Locally contains 
fu chsitic xenoliths. Dated at 429 ± 4 Ma (Loc. 6, T able 1). P endants of m afic 
and/or u ltram afic rocks.

^CBp

Melanocratic, coarse-g rained phase of the Cape Bru lé P orphyry com prising  
porphyritic (qu artz-feldspar) g ranodiorite to m onzog ranite.^CBi

SILURIAN
 

Stoc king Harbour Intrusive  Suite : biotite±m u scovite leu cog ranodiorite, 
g ranodiorite, tonalite, trondhjem ite, and m u scovite-g arnet leu cog ranodiorite.^SHg

Burlington plutonic  suite
 Biotite±hornblende g ranodiorite dated at 441 ± 1.2 Ma (Loc. 9, see S ku lski et al., 

2015b), biotite-hornblende qu artz m onzodiorite and g ranodiorite (with relict 
clinopyroxene) and clinopyroxene-orthopyroxene-trem olite biotite tonalite to 
clinopyroxene-am phibole-biotite qu artz diorite and tonalite.

^Bgd

Hornblende-biotite leu coqu artz diorite, biotite-hornblende qu artz diorite (with 
relict clinopyroxene) and biotite-hornblende tonalite.^Bqd

LO W ER–MIDDLE O RDO VICIAN
 Synvolc anic  intrusive  roc ks

 T holeiitic g abbro sills and dykes, plag ioclase±clinopyroxene-phyric and fine 
g rained g abbro (and diabase). Com m only rich in Fe-T i–oxide m inerals. Dykes 
cu t pillowed boninite in the sou thern P acqu et com plex. 

_SAg

O phiolite  c ove r
 Snooks Arm  Group
 

U nseparated volcanic and sedim entary rocks of the S nooks Arm  G rou p._Su

Round Harbour Form ation: am yg daloidal clinopyroxene+plag ioclase-phyric, 
tholeiitic pillow basalts and sheet flows; thin red siliceou s m u dstone interbeds; 
locally intense brecciation and epidotization. Dark g reen am phibolite-facies 
plag ioclase-phyric pillow basalts overlie P acqu et com plex.

_RHm

Balsam  Bud Cove  Form ation
 T hick-bedded cong lom erate and volcanog enic sandstone (debrites) with larg e 

clasts of pillow basalt; diabase g abbro, breccia, and felsic tu ff. G rades u p to 
interbedded tu rbidite and pelag ite deposits, with rare felsic tu ffs.

_BBd

Felsic (rhyolitic) tu ff, lapilli tu ff, flow-banded calc-alkaline rhyolite (dated at 
467 ± 4 Ma (Loc. 14, T able 1) overlying  Betts Cove Com plex; and 
470 ± 4 Ma lapilli tu ff (Loc. 15, T able 1) overlying  P acqu et com plex).

_BBf

_BBs

V olcaniclastic tu rbiditic wacke, siltstone and black, su lphidic and g raptolitic 
(lower Didymograptus bifidus Zone, (Floian)) shale (overlying  Betts Cove 
Com plex), lower part is interbedded with flow-banded rhyolite, thin felsic tu ffs, 
and rare basalt. Metam orphosed equ ivalents (e.g . overlying  P acqu et com plex) 
inclu de g raphitic phyllite, bu ff-g rey-g reen m etabasalt, m etawacke and 
m etacong lom erate.
Ve nam s Bight Form ation: pillowed tholeiitic basalt and sheet flows; 
clinopyroxene+plag ioclase±m ag netite porphyritic and vesicu lar (overlying  
Betts Cove Com plex); thin red siliceou s m u dstone layers. Metam orphosed 
equ ivalents overlying  the P acqu et com plex are g reen-black, plag ioclase-
phyric, and thin pelitic layers are g rey-g reen. 

_VBm

Bobby Cove  Form ation
 

Mediu m  to dark g reen, volcanog enic tu rbiditic wacke and siltstone interbedded 
with pu rplish pelag ic siliceou s m u dstone and phyllite, su bordinate felsic tu ff._BCe

Interm ediate to m afic tu ff and block and lapilli tu ff, thick-bedded, cru dely 
stratified, g raded; dom inantly pu m aceou s andesitic 
clinopyroxene+plag ioclase±hornblende clasts, g rades into overlying  epiclastic 
u nit (_BCe). Locally interbedded with thin basalt flows.

_BCv

Felsic crystal tu ff, lapilli tu ff; dated at 470 ± 4 Ma (Loc. 16, T able 1) overlying  
Betts Cove Com plex._BCf

Prairie  Hat m e m be r: clinopyroxene-phyric (to m eg acrystic; 1 cm ) tu ff 
(calc-alkaline, basaltic andesitic), lapilli tu ff and tu ff breccia. _BCc

P lag ioclase-phyric pillow basalt and andesite, calc-alkaline affinity (T iO 2 
g enerally <1.5%). _BCm

Sc rape  Point Form ation
 

Mafic volcaniclastic rocks inclu ding  tu ff, lapilli tu ff, tu ff breccia, and epiclastic 
sandstone and shale. _SPv

P illowed and m assive, am yg daloidal, tholeiitic, plag ioclase+clinopyroxene-
phyric basalt flows. Am phibolite facies equ ivalents in sou thern P acqu et 
com plex are g rey-g reen.

_SPm

Laterally discontinu ou s basal bou lder cong lom erate with basalt and chert 
clasts cem ented by cherty qu artz and m ag netite. O verlain by thin-bedded 
tu rbiditic sandstone, red siltstone and m ag netite-hem atite ironstone, g rading  
u p into g reen tu rbiditic sandstone and/or siltstone and crystal to lapilli tu ff. 
O verlies Betts Cove Com plex and is approxim atley equ ivalent to 
_SPi-_SPx-_SPc in the west.

_SPs

Nugge t Pond m e m be r: m ag netite iron-form ation and/or jasper beds 
interbedded with volcanog enic siltstone. Locally g rades into cong lom erate with 
basalt and chert clasts cem ented by m ag netite and qu artz (_SPs). At hig her 
m etam orphic g rade, jasper is replaced by m ag netite and qu artz. 

CAMBRIAN: FURO NGIAN
 Baie  Ve rte  O c e anic  Trac t

 Be tts Cove  Com ple x and Pac q ue t c om ple x 
 

U nseparated ophiolitic rocks inclu de u ltram afic cu m u late, layered and m assive 
g abbro, sheeted dykes, pillowed boninite and/or island-arc tholeiitic basalt.`BVu

Mt. Mise ry Form ation: spheru litic, am yg daloidal, sparsely olivine-phyric pillow 
basalt and pillow breccia g rading  u p to plag ioclase+pyroxene-phyric lavas. 
Interbedded with boninites in sou thern P acqu et com plex, and at T ilt Cove in 
Betts Cove Com plex. U pperm ost lavas com m only hem atized or strong ly 
m ag netic; locally prom inent, fau lt and talu s breccia zones. Island-arc tholeiitic 
affinity, low T iO 2 (<1.0%) and lig ht rare-earth elem ent–depleted. 

`MMm

_SPi


