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Abstract

Whole-rock major- and trace-element geochemical analyses were carried out on 64 samples of mafic and ultramafic units

collected from southern Hall Peninsula, Baffin Island, Nunavut. The mafic rocks have normal mid-ocean-ridge-basalt–nor-

malized Th, Ce, Zr, Ti and Y concentrations typical of within-plate environments, and strongly negative Nb anomalies, sug-

gesting that they were derived from partial melting of a subduction-modified mantle. The rarer ultramafic intrusions typi-

cally have high Ni and Cr (>1800 ppm) and may be either cumulates or high-degree partial melts. Geochemical modification

of the mantle involved in partial melting to produce the mafic and ultramafic rocks of southern Hall Peninsula may have oc-

curred during subduction around the margins of the Hall Peninsula block as the Manikewan Ocean closed during the

accretionary phase of the middle Paleoproterozoic Trans-Hudson Orogen.

Résumé

On a procédé à l’analyse géochimique des éléments majeurs et des traces sur roche totale de 64 échantillons provenant

d’unités cartographiques de nature mafique et ultramafique du sud de la péninsule Hall, dans l’île de Baffin, au Nunavut. La

signature des roches mafiques se caractérise par des concentrations en Th, Ce, Zr, Ti et Y de basalte de dorsale médio-

océanique normalisée représentatives de milieux intraplaque, et par de fortes anomalies négatives en Nb, ce qui semble

indiquer qu’il s’agit de roches remaniées à partir de la fusion partielle du manteau modifié par l’action de la subduction. Les

rares intrusions ultramafiques, qui présentent généralement de fortes concentrations en Ni et en Cr (>1800 ppm), peuvent

être soit des cumulats, soit le produit d’un point de fusion partielle de premier ordre. La modification géochimique qui s’est

produite au cours de la fusion partielle du manteau est à l’origine des roches mafiques et ultramafiques du sud de la

péninsule Hall. Cet épisode de fusion a peut être eu lieu au cours de la subduction ayant touché la région marginale du bloc

faillé de la péninsule Hall lors de la fermeture de l’océan Manikewan, événement qui s’est produit pendant la phase

d’accrétion de l’orogène trans-hudsonien du moyen Paléoprotérozoïque.

Introduction

This paper summarizes preliminary results and interpreta-

tions that will contribute to the completion of an MSc thesis

undertaken by the senior author as a thematic study within

the context of the Canada-Nunavut Geoscience Office

(CNGO) Hall Peninsula Integrated Geoscience Program

(HPIGP). The study focuses on the geochemistry, petro-

genesis, tectonic setting and mineral potential of the mafic

and ultramafic rocks of Hall Peninsula. Further analysis of

samples collected during the 2013 field season of the

HPIGP will be carried out to characterize the mafic and

ultramafic geochemistry of the entire Hall Peninsula. For a

detailed description of the geology, deformation and meta-

morphism of Hall Peninsula, see Machado et al. (2013),
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Skipton and St-Onge (2014) and Steenkamp and St-Onge

(2014).

Mafic and ultramafic rocks are most commonly found as in-

trusions within metasedimentary packages in the east and

central portions of southern Hall Peninsula; however, there

are also mafic and ultramafic enclaves within the Archean

tonalitic orthogneiss basement in the central and eastern re-

gions and rare mafic and ultramafic units in western Hall

Peninsula. All mafic and ultramafic rocks have undergone

multiple phases of deformation and have been metamor-

phosed to at least amphibolite grade, thus only locally pre-

serve primary igneous textures (Steenkamp et al., 2014).

Age constraints provided by detrital zircons from quartzite

within supracrustal panels in the central and eastern re-

gions, and from crosscutting monzogranite dikes particu-

larly in the area described by MacKay et al. (2013a), indi-

cate that the mafic units within supracrustal packages are

Paleoproterozoic (MacKay et al., 2013b; Rayner, 2014). It

is not known whether all mafic and ultramafic bodies are

the same age, or whether some of the enclaves in the

tonalitic gneiss are possibly Archean in age.

Samples were taken from all mafic and ultramafic rock

types and were chosen to maximize the geographic distri-

bution of the sample dataset, both in the detailed study area

and on southern Hall Peninsula as a whole (Figure 1).

Sample screening, analytical procedure and
methodology

Care was taken to collect fresh, large, unaltered samples in

the field. All weathered edges were removed with a rock

saw. Geochemical preparation and analysis was carried out

by Activation Laboratories Ltd. (Actlabs; Ancaster, On-

tario) on 64 samples. Samples were pulverized using mild

steel to reduce contamination, then mixed with a flux of

lithium metaborate and lithium tetraborate and fused in an

induction furnace. Major oxides were analyzed using a

combination of simultaneous/sequential Thermo Jarrell-

Ash ENVIRO II inductively coupled plasma (ICP). For

trace-element analysis, the solutions prepared for major-el-

ement oxide analysis were spiked with Actlabs internal

standard, diluted and run on a Perkin-Elmer SCIEX

ELAN® inductively coupled plasma–mass spectrometer

(ICP-MS). Sample introduction methods is proprietary to

Activation Laboratories Ltd. Upon completion of geo-

chemical analysis, 11 samples that had high (>1.5 wt. %)

loss on ignition (LOI) values, suggesting they had been al-

tered, were discarded. Spatial (latitude and longitude) and

contextual (station notes) data were extracted from the

CNGO database and appended to the geochemical dataset

based on unique sampleIDs. This allowed the geochemical

data to be analyzed and interpreted with spatial relation-

ships and the broader geological context in mind. Based on

the mafic and ultramafic rock classification schemes des-

cribed herein, however, no geographic clustering of

samples is observed.

Results

Element mobility

Samples were tested for evidence of major- and trace-ele-

ment mobility that may have occurred during deformation

and/or metamorphism. This was done by plotting major-

and trace-element values against Zr, which is typically im-

mobile in hydrothermal solutions due to its moderate ionic

potential (Cann, 1970). Major-element oxides (Fe2O3,

MgO, Na2O and CaO) show a high degree of scatter when

plotted versus Zr (Figure 2a–d), indicating that elements

with low ionic potential were most likely mobilized during

late thermotectonic events, limiting their potential useful-

ness in geochemical investigations. Conversely, the trace

elements (Y, Ce, Ti and Nb), with the exception of a few no-

table outlier analyses, show a much higher degree of corre-

lation (Figure 2e–h), allowing for elements with moderate

ionic potential (high-field-strength elements, HFSE) to be

used in primary geochemical discriminations.

Rock classification

When plotted on the Zr/Ti versus Nb/Y rock classification

diagram (Pearce, 1996), which uses immobile trace ele-

ments, most of the mafic samples plot in the subalkaline ba-

salt field, with three plotting in the alkali basalt field and

three plotting in the basaltic andesite field (Figure 3a). Most

mafic and ultramafic rocks exhibit characteristics typical of

tholeiitic or transitional sequences based on the refined clas-

sification scheme (Figure 3b) of Ross and Bédard (2009).

Trace-element profiles

Trace-element profiles normalized to normal mid-ocean-

ridge basalt (N-MORB) for the subalkaline basaltic compo-

sition rocks are shown in Figure 4. All samples show a pro-

nounced negative Nb anomaly with respect to Th and Ce,

which is typical of volcanic arcs and back-arcs. The nega-

tive anomaly arises during subduction, when Nb is frac-

tionated from Th and Ce during the dehydration of sub-

ducted crust. Niobium is retained in amphibole and other

minor minerals such as rutile and titanite, whereas Th and

Ce preferentially enter the fluid phase (Pearce and Peate,

1995). In addition, all samples are enriched in the most in-

compatible elements relative to N-MORB typical of

within-plate basalt (Pearce, 1996). Seven samples have

high (Ti/Y)N ratios (2.5–5.0), suggesting the involvement

of residual garnet during the melting process. Yttrium has a

significantly higher bulk distribution coefficient than Ti for

the melting of garnet lherzolite, thus is selectively retained

within residual garnet, resulting in elevated (Ti/Y)N in the

melt phase (Pearce and Parkinson, 1993). The three sam-

ples of alkali basalt composition and all ultramafic samples

are excluded because they do not produce consistent trends.
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Figure 1: Geology of southern Hall Peninsula, after Machado et al (2013). Green dots indicate the locations of mafic and ultramafic geo-
chemical samples. Mineral abbreviations: Bi, biotite; Grt, garnet; Hbl, hornblende; Kfs, potassium feldspar; Mag, magnetite; Ms, musco-
vite; Opx, orthopyroxene; Sil, sillimanite.
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Tectonic discrimination

Tectonic discrimination diagrams are derived from geo-

chemical datasets of rocks whose tectonic setting is known

with certainty. Most samples are taken from modern envi-

ronments, and as such their accuracy and applicability—es-

pecially to rocks older than the Phanerozoic—is conten-

tious (Pearce and Cann, 1973, 2008). That being said,

tectonic discrimination diagrams can be used to identify

chemical variations in similar rock types and form the basis

for interpreting processes that give rise to identified differ-

ences. Samples plotted on the Th-Zr-Nb tectonic discrimi-

nation diagram (Wood, 1980) reveal a large scatter, but plot

dominantly in the volcanic arc and within-plate transitional

basalt fields (Figure 5).

Ultramafic rocks

Ultramafic rocks were identified in the field based on min-

eral composition: containing mafic minerals, with less than

10% plagioclase and no visible quartz. Geochemically, to-

tal silica is more than 45% in all cases, which is higher than

expected, but silica concentration does not likely reflect a

primary composition. Four of the five ultramafic intrusions

analyzed have high (>1800 ppm) Ni and Cr. The bivariate

plot (Figure 6) developed by Brand (1999) indicates that

four of the five samples are typical komatiitic melts and

most of the Ni is likely bound in silicate phases, not in

sulphides. Petrographic analysis will determine whether

any of the samples may represent cumulates, although none

of the intrusions from southern Hall Peninsula had any ob-

vious igneous layering (in contrast to those reported by

Steenkamp et al., 2014).

Discussion

Geochemically, all samples show characteristics that are in-

termediate between volcanic arc–related basalts and

within-plate basalts. The consistency in geochemical sig-

nature may suggest that all subalkaline mafic rocks on

southern Hall Peninsula resulted from one event. Alterna-

tively, multiple events derived from the same mantle source

may have occurred. The transitional geochemical character

between volcanic arc basalts, exemplified by negative Nb

anomalies, and within-plate basalts, which are enriched in

incompatible elements relative to N-MORB, is best ex-

plained by subduction-related geochemical modification of

the mantle below southern Hall Peninsula. The timing of

enrichment is unknown but may have occurred during the

Trans-Hudson Orogen as the Manikewan Ocean closed

(Stauffer, 1984). The within-plate signature possibly re-

sulted from the melting of the subduction-modified mantle

during a mantle plume event, imparting a mixed geochemi-

cal signature to the resulting mafic rocks.
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Figure 3: a) Volcanic rock type classification diagram (Zr/Ti versus Nb/Y; Pearce, 1996); b) subalkaline basalt classification diagram (Zr
versus Y; Ross and Bédard, 2009).

Figure 2: Binary plots of Zr versus a) Fe2O3, b) MgO, c) Na2O, d)
CaO, e) Y, f) Ce, g) Ti and h) Nb used to detect element mobility.
Low-ionic-potential elements in a–d show a high degree of scatter,
suggesting mobilization, whereas moderate-ionic-potential ele-
ments (HFSE) in e–h show a much stronger linear correlation, sug-
gesting they reflect primary igneous compositions.



Economic considerations

Preliminary results indicate that the potential of finding

mineral deposits commonly associated with mafic and

ultramafic rocks including volcanogenic massive-sulphide

(VMS) deposits, Ni–Cu–platinum group elements (PGEs)

and Cr is low. All regions of Hall Peninsula have undergone

at least middle-amphibolite metamorphism (Skipton and

St-Onge, 2014; Steenkamp and St-Onge, 2014), which

have not proven to be favourable for preserving these de-

posit types. Furthermore, the total volume of mafic and

ultramafic rocks on the Hall Peninsula is low and those that

are present are discontinuous. Finally, Ni values as high as

0.3 wt. % have been obtained from ultramafic rocks. Even

though these values are high, they indicate that Ni will be

bound dominantly within silicate phases, not in sulphides

(Figure 6; Brand, 1999).

Low potential for mafic and ultramafic mineralized sys-

tems on Hall Peninsula—while disappointing—is not a to-

tal loss, as negative results can be useful. This knowledge

can be used to inform members of industry so as to better di-

rect their exploration programs and maximize their explor-

ation dollars.
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Figure 5: Tectonic discrimination ternary diagram (Wood, 1980).
Abbreviations: Alk WPB, alkali within-plate basalt; E-MORB WPT,
enriched mid-ocean-ridge basalt, within-plate transition; N-
MORB, normal mid-ocean-ridge basalt; Trans Alk WPB E-MORB
WPT, transitional alkali within-plate basalt, enriched mid-ocean-
ridge basalt, within-plate transition; Trans N-MORB WPT, transi-
tional normal mid-ocean-ridge basalt, within-plate transition; VAB
CAB, volcanic arc basalt, calcalkaline basalt; VAB IAT, volcanic arc
basalt, island arc transition.

Figure 4: Trace-element diagrams normalized to normal mid-
ocean-ridge basalt (N-MORB; Sun and McDonough, 1989) of a)
tholeiitic basaltic composition, b) transitional basaltic composition,
c) calcalkaline basaltic composition.
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