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Abstract

The Mesoproterozoic Borden Basin in northeastern Nunavut, which contains the carbonate-hosted Nanisivik Zn-Pb de-

posit, is one of the tectonostratigraphically complex Bylot basins. The Ikpiarjuk Formation, preserved in the Milne Inlet

graben of the Borden Basin, consists of unusually large, deep-water dolostone mounds. The linear mounds, which consist of

featureless dolomudstone that precipitated in the water column (pelagic) and clotted dolostone that formed on the seafloor

(benthic), are centred on and parallel to synsedimentary faults, and formed during an interval of extensional faulting and ac-

cumulation of black shale.

The Ikpiarjuk Formation mounds are interpreted to be fossilized cold-seep deposits that accumulated during fluid expulsion

along active faults on the seafloor. The composition of the vent fluid is unknown, but rare-earth element (REE)+Y analyses

show that the seawater with which the vent fluid mixed was in a redox-stratified water column. Such characteristics, occur-

ring in a basin undergoing syndepositional extensional faulting, are considered to be fundamental prerequisites for the for-

mation of sedimentary-exhalative (SEDEX) deposits. There is currently no evidence for SEDEX-type venting of metallif-

erous fluids in the basin, but the pronounced local venting of subsurface fluid to produce benthic and pelagic dolostone of

the Ikpiarjuk Formation mounds indicates that low-temperature fluids were voluminously and locally expelled at line or

point sources on the basin floor during deposition of black shale.

Résumé

Le bassin mésoprotérozoïque de Borden (au Nunavut), qui renferme le gisement de Zn-Pb sur roches carbonatées de

Nanisivik, fait partie des bassins de Bylot qui se distinguent par leur nature tectonostratigraphique complexe. La formation

d’Ikpiarjuk, mise en place dans le graben de Milne Inlet du bassin de Borden, se compose de buttes de dolomie remar-

quables en raison de leur grande taille et dont la mise en place a eu lieu en eau profonde. Ces buttes, qui adoptent une forme

linéaire et qui sont constitués de mudstone dolomitique sans traits caractéristiques issu de la précipitation dans la colonne

d’eau (pélagique) et de dolomie grumeleuse mise en place sur le fond océanique (benthique), se situent autour de failles

synsédimentaires ou s’allongent parallèles à ces dernières. Leur formation est associée à un intervalle au cours duquel ont eu

lieu des épisodes de formation de failles d’extension et de sédimentation de schiste ampéliteux.

On estime que les buttes de la formation d’Ikpiarjuk sont des dépôts fossilisés dont la formation est liée à des suintements

froids et dont l’accumulation aurait eu lieu au cours d’épisodes d’expulsion de fluides le long de failles actives sur le fond

océanique. La composition des fluides provenant de ces évents est inconnue, mais les analyses des éléments du groupe des

terres rares, incluant l’yttrium, ont établi que l’eau de mer à laquelle ces fluides provenant d’évents viennent se mélanger se

trouvait dans une colonne d’eau stratifiée à gradients redox. Un tel phénomène, qui se produit au sein d’un bassin subissant

un épisode de formation de failles d’extension de nature synsédimentaire, constitue l’une des conditions préalables les plus

fondamentales requises pour la formation de gisements sédimentaires exhalatifs (SEDEX). Aucune preuve d’exhalaison de

fluides métallifères de type SEDEX n’a été trouvée dans le bassin, mais la forte exhalaison de fluides de subsurface à

l’échelle régionale, responsable de la formation de la dolomie benthique et pélagique des buttes de la formation d’Ikpiarjuk,

témoigne du fait qu’une expulsion volumineuse de fluides de basse température se produisant localement à partir de sources

ponctuelles ou linéaire sur le fond du bassin aurait eu lieu au cours de l’épisode de sédimentation du schiste ampéliteux.
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Introduction

The Borden Basin Project is a multiyear academic study

that was developed to evaluate the geological history and

economic potential of the Mesoproterozoic basins of east-

ern Nunavut (Figure 1; Turner et al., 2012). Although part

of the basin is a known Zn district, which hosted the Nanis-

ivik mine (in operation from 1976 to 2002), the basin is rel-

atively underexplored for both Zn and other metals. The

main objective of the Borden Basin Project is to understand

the geological evolution of eastern Nunavut’s Mesoproter-

ozoic sedimentary basins, and identify the potential for fur-

ther economic mineral deposits. This paper reports on one

of the currently active components of the project.

Mapping of carbonate rock units in the Milne Inlet graben

identified very large and unusual dolostone mounds (Tur-

ner, 2004a, 2009). These mounds are the focus of a Ph.D.

project at Laurentian University that examines their origin

and implications. Fieldwork for this project was completed

during two 6-week field seasons in 2011 and 2012, the re-

sults of which are summarized in Hahn and Turner (2013).

The project has now entered the analytical phase and this

paper summarizes results from work completed in 2013.

This phase of the project involved analyzing rare-earth ele-

ments (REEs) and several other trace elements in the differ-

ent phases (benthic precipitates and pelagic carbonate mud)

of the mound dolostone. The objective of this work is to

evaluate the composition of seawater in the basin, charac-

terize the composition of the fluids venting into the basin,

and establish if there was potential for a vent-related eco-

nomic mineral deposit to have formed during the volumi-

nous fluid venting. The study is based largely on the inter-
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Figure 1: a) Geology of the Milne Inlet graben (MIG), northern Baffin Island, northwestern Nunavut; only the Mesoproterozoic units are
shown. Seven areas of mound lithofacies are known from outcrop (modified from Scott and deKemp, 1998; Turner, 2009). Prominent fault
zones are labelled (CBFZ, Central Baffin fault zone; MFZ, Magda fault zone; TFZ, Tikirarjuaq fault zone; WBFZ, White Bay fault zone).
Place name with the generic in lower case is unofficial. b) Bylot basins of the Canadian Arctic islands, with the Borden Basin highlighted.
Dark blue zones represent the extent of the present-day exposure, and pale blue zones are the inferred former basin margins (after Jackson
and Iannelli, 1981). c) Location of the Bylot basins.



pretation of shale-normalized REE+Y patterns, which are

useful tracers of oceanic redox conditions.

Geological setting

The Borden Basin is one of the Bylot basins, a group of four

basins exposed in northeastern Nunavut and northwestern

Greenland. The basins were interpreted to have formed

during rifting related to the Mackenzie igneous event (ca.

1270 Ma; LeCheminant and Heaman, 1989). Correlations

were based on geochemical similarities between basalt of

the Mackenzie igneous event and basalt preserved at the

base of the basin-filling succession in the Bylot basins

(Nauyat Formation; Jackson and Iannelli, 1981; Dostal et

al., 1989). The depositional age of black shale near the base

of the basin is now known to be ca. 1.1 Ga, and rifting dur-

ing deposition of the black shale has been linked to tectonic

stress associated with the amalgamation of Rodinia (Long

and Turner, 2012; Turner and Kamber, 2012). The entire

basin is cut by dikes of the Franklin large igneous province

(ca. 720 Ma; Heaman et al., 1992; Pehrsson and Buchan,

1999; Denyszyn et al., 2009).

The Borden Basin contains three fault-bounded troughs, the

largest of which is the Milne Inlet graben (MIG), which con-

tains both the Nanisivik Zn-Pb deposit and the unusual

dolostone mounds of the Ikpiarjuk Formation. The MIG is

bounded by northwest-trending synsedimentary faults and

is filled with ~6 km of sedimentary rocks referred to as the

‘Bylot Supergroup’ (Jackson and Iannelli, 1981).

The tectonic history of the basin is complex and has been re-

cently revised (e.g., Turner, 2011; Long and Turner, 2012;

Turner and Kamber, 2012; Figure 2). The current model

proposes that the Borden Basin initially formed during mild

extension accompanying the Mackenzie igneous event.

Tholeiitic basalt erupted subaqueously during this phase

and was then overlain by marine sand represented by the

Adams Sound Formation, deposited during a phase of ther-

mal relaxation (Long and Turner, 2012).

Significant extension began during deposition of the Arctic

Bay Formation (Turner and Kamber, 2012) with the first

appearance of graben-like geomorphic features. During

this stage, the basin deepened to the west and deepened up-

ward. This stage of basin development was characterized

by synsedimentary slope failures adjacent to deep-water

fault zones, which resulted in pronounced lateral thickness

and lithofacies changes (Turner and Kamber, 2012). Wed-

ges of detrital material (Fabricius Fiord Formation; Jack-

son and Iannelli, 1981; Scott and deKemp, 1998) were de-

posited at the margins of the MIG, marking the initiation of

localized sedimentation into newly formed grabens, and

also in the vicinity of subaqueous fault scarps (Turner,

2004b). During a phase of extension that coincided with de-

position of black shale of the upper Arctic Bay Formation,

fluid venting through active faults resulted in the volumi-
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Figure 2: Stratigraphy of the Bylot Supergroup, with associated tectonic and depositional environments (after Turner, 2009,
2011; Long and Turner, 2012; Turner and Kamber, 2012).



nous accumulation of deep-water dolostone, the highly

distinctive carbonate mounds of the Ikpiarjuk Formation

(Turner, 2004a; 2009).

The dolostone mounds (Ikpiarjuk Formation) are underlain

and surrounded by black shale of the Arctic Bay Formation,

and are interpreted to have formed beneath wave base and

below the photic zone (Turner 2004a, 2009; Hahn and

Turner, 2013; Figure 3a, b). The mounds are linear in plan

view and are parallel to mapped or inferred faults that were

known to be active during their formation. The mounds are

characterized by two dominant lithofacies: clotted carbon-

ate that formed as a benthic precipitate and characterizes

large zones in the mound centres (Figure 3c), and feature-

less carbonate, which formed as a mud-grade water-col-

umn precipitate and represents the bulk of the mounds,

including voids among benthic clots (Figure 3d). Field re-

lationships show that the mounds formed during subaque-

ous fluid venting along fault zones during accumulation of

black shale. Several of the mounds are associated with

smaller ‘moundlets’ (tens of metres in scale) that are

stratigraphically lower than the main mound and are domi-

nated by the clotted (benthic) lithofacies (Figure 3e, f).

Fluid expulsion ended at the same time as an abrupt shift

from deposition of black shale to accumulation of deep-wa-

ter, laminated carbonate strata in the northwestern part of

the MIG (Nanisivik Formation; Turner 2009, 2011).

Following deposition of the Nanisivik and laterally equiva-

lent (southeast) Angmaat formations, the basin was up-

lifted and tilted to the northeast, and underwent significant

subaerial erosion (Turner, 2011). The basin was then resub-

merged, as revealed by overlying shale and limestone of the

Victor Bay Formation that were deposited throughout the

basin as a northwest-deepening ramp during an interval of

tectonic quiescence (Sherman et al., 2000, 2001, 2002;

Turner, 2011). The Victor Bay Formation was then tilted to

the northeast such that northwestern strata were subaerially

weathered, but southeastern strata were drowned (Athole

Point Formation; Sherman et al., 2002; Figure 2). The tec-

tonic history of the upper part of the succession (Nunatsiaq

Group) records a major influx of terrigenous clastic mate-

rial in a shallowing-upward succession (Knight and Jack-

son, 1994).

Methods

Stratigraphic sections were measured through cliff expo-

sures up to 250 m thick, and were sampled approximately

every 5 m (Hahn and Turner, 2013). Detailed petrographic

work was completed in order to identify the least-altered

samples, and then laser-ablation inductively coupled mass–

mass spectrometry (LA-ICP-MS; at Laurentian Univer-

sity) was undertaken on the least-altered samples. Of the

samples that were analyzed using LA-ICP-MS, 33 were

chosen for further high-precision solution ICP-MS in order

to measure the abundance of REEs and other trace elements

in different dolomitic phases. The samples that were ana-

lyzed using solution ICP-MS were very small (<0.1 mg)

and required a custom analysis, undertaken at Trinity Col-

lege, Dublin, Ireland.

Results and interpretation

The REE+Y patterns from the samples were normalized

both to an upper continental crust composite (MUQ; Kam-

ber et al., 2005) and to a black shale from the Arctic Bay

Formation, calculated as an average of black-shale samples

measured by Turner and Kamber (2012) from the Milne In-

let graben. Normalized to the crustal composite, most REE+

Y patterns are flat to very slightly negatively sloped, which

is not what is expected of REE+Y patterns from sediment

deposited under normal seawater (e.g., Webb and Kamber,

2000; Kamber et al., 2004; Planavsky et al., 2010). When

the samples are normalized to the Arctic Bay Formation

shale, the REE+Y patterns are steeper and expected anoma-

lies (e.g., positive La, Gd and Y anomalies) are present.

This indicates that basin water was restricted from the open

ocean, that the input of local sediment greatly affected the

distribution of the REEs, and that MUQ is not an appropri-

ate composite for normalizing raw data. All results pre-

sented in this paper are normalized instead to the Arctic Bay

Formation shale.

The amount of contamination due to siliciclastic detrital

material was monitored by tracking the abundance of Al (a

measure of the abundance of clay minerals), and Zr, Th and

Nb (a measure of the abundance of heavy minerals). Only

samples deemed uncontaminated are discussed below.

Red Rock mound (Milne block)

The REE+Ypatterns at Red Rock mound exhibit slightly pos-

itive to distinctly positive slopes, positive Y and Ce anoma-

lies and, in most cases, a negative Eu anomaly (Figure 4a).

The positive slope of the patterns, as well as the calculated

positive Y and La anomalies, are characteristics of normal

Proterozoic seawater (e.g., Webb and Kamber, 2000; Kam-

ber et al., 2004; Planavsky et al., 2010). The positive Ce anom-

aly indicates that the material formed beneath a chemo-

cline: a particle shuttle carried oxidized Ce from shallow

water into deeper water, where it was reduced and dissol-

ved away from the shuttle particles to accumulate in the

sediment. The origin of the negative Eu anomaly is un-

known; it may be related to the composition of the vent

fluid from which the mounds are derived, or it may be a pri-

mary feature of seawater in the Milne Inlet graben.

The redox-sensitive metals V, Mo and U were normalized

to Al and plotted stratigraphically (Figure 5). Vanadium

and Mo show similar patterns, whereas U has much more

scatter. Enrichment in these metals was most prominent at

the base of the section, with one notable sample that had a
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Figure 3: Field exposures of the Ikpiarjuk Formation, northern Baffin Island, northwestern Nunavut: a) Red Rock mound (arrow), which
pinches out at its base and gradually climbs upsection toward the southeast, relative to Arctic Bay Formation black shale; b) main exposure
of Uluksan mound; the core is largely inaccessible, but it can be distinguished from the overlying Nanisivik Formation by a subtle colour
change and the presence of faint layering in the upper parts of the cliffs; c) example of the clotted lithofacies that is present in most mounds,
Red Rock mound; note the resistant rims of isopachous marine cement surrounding clots, and carbonate mudstone in voids among the
clots; d) example of the massive dolostone facies from Red Rock mound, interpreted as a water-column precipitate identical to the inter-clot
mud in the clotted lithofacies; e) small ‘moundlet’ of Ikpiarjuk Formation enclosed by outer-ramp strata of the Iqqittuq Formation near Belle-
vue mound; f) ‘moundlets’ of the Ikpiarjuk Formation enclosed by black shale of the Arctic Bay Formation, directly beneath the main cliff-
forming exposure of K-Mesa mound.



significant enrichment in V and Mo. This enriched sample

was of ‘particulate’ carbonate mud (i.e., precipitated in the

water column, not benthically) and corresponds to a posi-

tive Eu anomaly.

Uluksan mound (Milne block)

All samples analyzed display a steep, positive REE+Y

slope and strong positive Ce and Y anomalies (Figure 4b).

The patterns are characteristic of normal Proterozoic sea-

water that was deposited beneath a chemocline (e.g., Webb

and Kamber, 2000; Kamber et al., 2004; Planavsky et al.,

2010).

Concentrations of the trace metals Mo, V and U are low in

all samples from Uluksan mound. In general, the trace met-

als all behave similarly and correlate well with one another.

Bellevue mound (Tremblay block)

The REE+Y patterns at Bellevue mound have a flat to

slightly positive slope, significant negative Eu anomalies

and positive La, Ce and Y anomalies (Figure 4c). They are

interpreted to have been derived from seawater due to the

presence of the positive slope and normal seawater anoma-

lies. As in the other mounds, the negative Eu anomaly is in-

terpreted as a function either of the local seawater or the

vent fluid.

The abundance of the trace metals Mo, V and U is low

through most of the mound (Figure 5b). When the elements

are normalized to Al and plotted against stratigraphic posi-

tion, an enrichment is observed in one sample from the up-

permost part of the mound (Figure 5b). This sample has no
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Figure 4: Shale-normalized (Arctic Bay Formation) REE+Y plots for selected samples from each of four mounds studied, northern Baffin Is-
land, northwestern Nunavut: a) Red Rock mound (northwestern Milne Inlet graben, Milne block) exhibits a negative Eu anomaly in most
samples; b) Uluksan mound (northwestern Milne Inlet graben, Milne block) exhibits steep patterns, as compared to those from other sam-
ple locations; c) Bellevue mound (southeastern Milne Inlet graben, Tremblay block) exhibits a significant negative Eu anomaly in all but one
sample, indicating that the mound-derived carbonate was restricted from the open ocean; d) K-Mesa mound (southeastern Milne Inlet
graben, Magda block) patterns are irregular as compared to expected seawater patterns but still preserve the main aspects of seawater,
such as positive Y, Gd and La anomalies, and overall enrichment of heavy rare-earth elements.



Eu anomaly and exhibits the steepest, most seawater-like

REE+Y pattern. The redox-sensitive elements all display a

positive correlation with the magnitude of the Eu anomaly.

These results imply that the carbonate at the top of the

mound was derived from more open and well mixed seawa-

ter.

K-Mesa mound (Magda block)

The REE+Y patterns at K-Mesa mound are highly unusual,

showing very low abundance of REE+Y. There is a signifi-

cant bulge in the middle REEs, although an overprint of

normal seawater patterns is observed (Figure 4d). The un-

usual REE+Y patterns at K-Mesa are unrelated to diagen-

esis because diagenetic cements exhibit a much different

REE+Y pattern, including extreme La depletion. Only sam-

ples that were considered very well preserved were ana-

lyzed. The entire mound is crosscut by enigmatic solution

breccia, and the solutions that generated the breccia may

have modified the REE patterns in mound rock away from

an original seawater signature. It is possible that K-Mesa

mound was in a completely isolated sub-basin with a com-

pletely different vent-fluid composition, and that the com-

position of the vent fluid had a larger control on the compo-

sition of the REEs in this location. The abundance of the

trace metals V, Mo and U is low.

Discussion

The strong positive Ce anomaly in the REE patterns of the

Ikpiarjuk Formation, together with results from previous
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Figure 5: Stratigraphic plots of Red Rock mound (a) and Bellevue mound (b), northern Baffin Island, northwestern Nunavut, illustrating the
elements used to detect detrital contamination, and several redox-sensitive trace elements. Detrital contamination at Bellevue mound is
low. The contamination from heavy minerals (Th, Zr, Nb) is very low, and their peaks do not correspond to any unusual REE+Y patterns. The
clay content (Al2O3) is also low and has not influenced the REE+Y patterns. The detrital component in Red Rock mound is much higher than
that of Bellevue mound, and may have affected the REE+Y patterns very slightly, but the REE+Y patterns are interpreted as a faithful repre-
sentation of paleoseawater solutes.



work on related strata (Turner and Kamber, 2012), give

strong evidence that the basin water was chemically strati-

fied with respect to oxygen (redoxcline) during deposition

of the mounds. The subtle differences in the REE+Y pat-

terns among the mounds are probably due to the fact that

each mound formed in a separate, fault-bounded sub-basin

in the MIG. One sample of ooid grainstone from a mound

top displays a positive Ce anomaly (i.e., it accumulated be-

low the redoxcline), which indicates that the redoxcline

was above fair-weather wave base (where ooids form). This

unusual presence of anoxia in shallow water is not complete-

ly unknown: the modern Black Sea has a redoxcline that

reaches the base of the photic zone (Algeo and Tribovillard,

2009). Although the depth of wave base and extent of fetch

in the MIG are unknown, other lines of evidence point to an

unusually shallow storm-wave base and limited fetch for

other parts of the Bylot Supergroup in the MIG (Turner,

2009). These factors may have contributed to the lack of

mixing among subaqueous, fault-bounded sub-basins. The

type of basement rock beneath the Bylot Supergoup is un-

known in many parts of the basin, and it is possible that spa-

tial variability in its composition was a local influence on

the vent fluid in each sub-basin.

Economic considerations

Although the solute composition of the vent fluids that

drove deep-water carbonate precipitation in the Ikpiarjuk

Formation remains largely unresolved, mound accumula-

tion in the MIG records characteristics that are known at-

tributes of SEDEX, base-metal–hosting basins (e.g., Leach

et al., 2005; Goodfellow and Lydon, 2007; Leach et al.,

2010). These include a stratified basin with anoxic to

euxinic bottom water, black shale, fault-bounded sub-bas-

ins and voluminous fluid venting. It remains unknown

whether the vent fluids in the Borden Basin were hydro-

thermal, and if they carried metals at some stage or location.

The centres of all exposed mounds were removed by Pleis-

tocene glacial erosion, which formed valleys that follow

the weaknesses representing fault structures. Consequent-

ly, the true spatial distribution of lithofacies in mound cen-

tres, and the potential for them to contain sulphidic

exhalites, remains unknown. Recent study on black shale in

the MIG suggested that bottom water was euxinic at times

and that, if voluminous venting had occurred, then there

was good potential for SEDEX mineralization to develop

(Turner and Kamber, 2012).

The Lost City vent field in the mid–Atlantic Ocean is an off-

axis vent field where carbonate chimneys are produced on

the seafloor from vent fluids produced during serpentiniz-

ation reactions between ultramafic rocks and seawater (Kel-

ley et al., 2001). The Lost City vents are at approximately

30 km from sulphide-producing black-smoker–type vents.

It is also known that hydrothermal fluids produced during

serpentinization reactions are highly reducing (McCollom

and Seewald, 2013), a phenomenon that may help explain

the negative Eu anomaly documented in the Ikpiarjuk For-

mation mounds. If the Ikpiarjuk Formation mounds formed

as a result of a mechanism similar to that in effect at the Lost

City vent field, or had locations or phases of development

that were characterized by venting of more metalliferous

fluids, then there is potential for as-yet undiscovered proxi-

mal hydrothermal precipitates in the MIG.

Acknowledgments

The authors thank T. Chevrier and J. Mathieu for providing

enthusiastic field assistance, as well as Polar Continental

Shelf for logistical support. The authors also thank J. Pet-

rus, M. Babechuck and B.S. Kamber for technical support

during lab analyses. This project is supported by the Can-

ada-Nunavut Geoscience Office, a Northern Scientific

Training grant to K. Hahn and an NSERC Discovery Grant

to E.C. Turner. The Canadian Northern Economic Devel-

opment Agency’s (CanNor) Strategic Investments in Nor-

thern Economic Development (SINED) program also pro-

vided financial support for this work.

References

Algeo, T.J. and Tribovillard, N. 2009: Environmental analysis of
paleoceanographic systems based on molybdenum-uranium
covariation; Chemical Geology, v. 268, no. 3–4, p. 211–215.

Denyszyn, S.W., Halls, H.C., Davis, D.W. and Evans, A.D. 2009:
Paleomagnetism and U-Pb geochronology of Franklin
Dykes in High Arctic Canada and Greenland: a revised age
and paleomagnetic pole constraining block rotations in the
Nares Strait region; Canadian Journal of Earth Sciences,
v. 46, no. 9, p. 689–705.

Dostal, J., Jackson, G.D. and Galley, A. 1989: Geochemistry of
Neohelikian Nauyat plateau basalts, Borden rift basin,
northwestern Baffin Island, Canada; Canadian Journal of
Earth Sciences, v. 26, no. 11, p. 2214–2223.

Goodfellow, W.D. and Lydon, J.W. 2007: Sedimentary exhalative
(SEDEX) deposits; in Mineral Deposits of Canada: A Syn-
thesis of Major Deposit Types, District Metallogeny, the
Evolution of Geological Provinces, and Exploration Meth-
ods; Geological Association of Canada, Special Publica-
tion 5, p. 163–183.

Hahn, K.E. and Turner, E.C. 2013: Deep-water carbonate mound
lithofacies, Borden Basin, Nunavut; Geological Survey of
Canada, Current Research 2013-11, 14 p., URL <ftp://
ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/292/292439/

cr_2013_11_gsc.pdf> [September 2013], doi:10.4095/
292439

Heaman, L.M., LeCheminant, A.N. and Rainbird, R.H. 1992: Na-
ture and timing of Franklin igneous events, Canada: impli-
cations for a late Proterozoic mantle plume and the break-up
of Laurentia; Earth and Planetary Science Letters, v. 109,
no 1–2, p. 117–131.

Jackson, G.D. and Iannelli, T.R. 1981: Rift-related cyclic sedimen-
tation in the Neohelikian Borden Basin, northern Baffin Is-
land; in Proterozoic Basins of Canada, Geological Survey of
Canada, Paper 81-10, p. 269–302.

8 Canada-Nunavut Geoscience Office

ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/292/292439/cr_2013_11_gsc.pdf
ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/292/292439/cr_2013_11_gsc.pdf
ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/292/292439/cr_2013_11_gsc.pdf


Kamber, B.S., Bolhar, R. and Webb, G.E. 2004: Geochemistry of
late Archaean stromatolites from Zimbabwe: evidence for
microbial life in restricted epicontinental seas; Precambrian
Research, v. 132, no. 4, p. 379–399.

Kamber, B.S., Greig, A. and Collerson, K.D. 2005: Anew estimate
for the composition of weathered young upper continental
crust from alluvial sediments, Queensland, Australia;
Geochimica et Cosmochimica Acta, v. 69, no. 4, p. 1041–
1058.

Kelley, D.S., Karson, J.A., Blackman, D.K., Frueh-Green, G.L.,
Butterfield, D.A., Lilley, M.D., Olson, E.J., Schrenk, M.O.,
Roe, K.K., Lebon, G.T. and Rivizzignot, P. 2001: An off-axis
hydrothermal vent field near the mid-Atlantic ridge at 30°N;
Nature, v. 412, p. 145–149.

Knight, R.D. and Jackson, G.D. 1994: Sedimentology and stratig-
raphy of the Mesoproterozoic Elwin Subgroup (Aqigilik
and Sinasiuvik formations), uppermost Bylot Supergroup,
Borden rift basin, northern Baffin Island; Geological Survey
of Canada, Bulletin 455, p. 48.

Leach, D.L., Bradley, D.C., Huston, D., Pisarevsky, S.A., Taylor,
R.D. and Gardoll, S.J. 2010: Sediment-hosted lead-zinc de-
posits in Earth history; Economic Geology, v. 105, p. 593–
625.

Leach, D.L., Sangster, D.F., Kelley, K.D., Large, R.R., Garven, G.,
Allen, C.R., Gutzmer, J. and Walters, S. 2005: Sediment-
hosted lead-zinc deposits: a global perspective; Economic
Geology, 100

th
Anniversary Volume, p. 561–607.

LeCheminant, A.N. and Heaman L.M. 1989: Mackenzie igneous
events, Canada: Middle Proterozoic hotspot magmatism as-
sociated with ocean opening; Earth and Planetary Science
Letters, v. 96, no. 1–2, p. 38–48.

Long, D.G.F. and Turner, E.C. 2012: Tectonic, sedimentary and
metallogenic re-evaluation of basal strata in the Mesopro-
terozoic Bylot basins, Nunavut, Canada: are unconformity-
type uranium concentrations a realistic expectation?; Pre-
cambrian Research, v. 214–215, p. 192–209.

McCollom, T.M. and Seewald, J.S. 2013: Serpentinites, hydrogen,
and life; Elements, v. 9, p. 129–134.

Pehrsson, S.J. and Buchan, K.L. 1999: Borden dykes of Baffin Is-
land, Northwest Territories: a Franklin U-Pb baddeleyite
age and a paleomagnetic reinterpretation; Canadian Journal
of Earth Sciences, v. 36, no. 1, p. 65–73.

Planavsky, N., Bekker, A., Rouxel, O.J., Kamber, B.S., Hofmann,
A., Knudsen, A. and Lyons, T.W. 2010: Rare earth element
and yttrium compositions of Archean and Paleoproterozoic
Fe formations revisited: new perspectives on the signifi-
cance and mechanisms of deposition; Geochimica et
Cosmochimica Acta, v. 74, no. 22, p. 6387–6405.

Scott, D.J. and de Kemp, E.A. 1998: Bedrock geology compila-
tion, northern Baffin Island and northern Melville Penin-

sula, Northwest Territories; Geological Survey of Canada,
Open File 3633.

Sherman, A.G., James, N.P. and Narbonne, G.M. 2000:
Sedimentology of a late Mesoproterozoic muddy carbonate
ramp, northern Baffin Island, Arctic Canada; in Carbonate
Sedimentation and Diagenesis in the Evolving Precambrian
World, J.P. Grotzinger and N.P. James (ed.), Society for Sed-
imentary Geology (SEPM), Special Publication 67, p. 275–
294.

Sherman, A.G., James, N.P. and Narbonne, G.M. 2001: Anatomy
of a cyclically packaged Mesoproterozoic ramp in northern
Canada; Sedimentary Geology, v. 139, p. 171–203.

Sherman, A.G., James, N.P. and Narbonne, G.M. 2002: Evidence
for reversal of basin polarity during carbonate ramp devel-
opment in the Mesoproterozoic Borden Basin, Baffin Is-
land; Canadian Journal of Earth Sciences, v. 39, p. 519–538.

Turner, E.C. 2004a: Kilometre-scale carbonate mounds in basinal
strata: implications for base-metal mineralization in the
Mesoproterozoic Arctic Bay and Society Cliffs formations,
Borden Basin, Nunavut; Geological Survey of Canada, Cur-
rent Research 2004-B4, 12 p., <ftp://ftp2.cits.rncan.gc.ca/

pub/geott/ess_pubs/215/215337/cr_2004_b04.pdf> [Sep-
tember 2013].

Turner, E.C. 2004b: Origin of basinal carbonate laminites of the
Mesoproterozoic Society Cliffs Formation (Borden Basin,
Nunavut), and implications for base-metal mineralization;
Geological Survey of Canada, Current Research 2004-B2, 1
CD-ROM, <ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/

215/215334/cr_2004_b02.pdf> [September 2013].

Turner, E.C. 2009: Mesoproterozoic carbonate systems in the
Borden Basin, Nunavut; Canadian Journal of Earth Sci-
ences, v. 46, no. 12, p. 915–938.

Turner, E.C. 2011: Structural and stratigraphic controls on carbon-
ate-hosted base metal mineralization in the Mesoprotero-
zoic Borden Basin (Nanisivik District), Nunavut; Economic
Geology, v. 106, no. 7, p. 1197–1223.

Turner, E.C. and Kamber, B.S. 2012: Arctic Bay Formation,
Borden Basin, Nunavut (Canada): basin evolution, black
shale, and dissolved metal systematics in the Mesoprotero-
zoic ocean; Precambrian Research, v. 208–211, p. 1–18.

Turner, E.C., Kamber, B.S., Kontak, D.J., Long, D.G.F, Hnatyshin,
D., Creaser, R., Morden, R. and Hahn, K. 2012: Economic
potential of the Mesoproterozoic Borden Basin zinc district,
northern Baffin Island, Nunavut: update 2011–2012; in
Summary of Activities 2012, Canada-Nunavut Geoscience
Office, p. 1–12.

Webb, G.E. and Kamber, B.S. 2000: Rare earth elements in Holo-
cene reefal microbialites: a new shallow seawater proxy;
Geochimica et Cosmochimica Acta, v. 64, no. 9, p. 1557–
1565.

Summary of Activities 2013 9

ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/215/215337/cr_2004_b04.pdf
ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/215/215337/cr_2004_b04.pdf
ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/215/215334/cr_2004_b02.pdf
ftp://ftp2.cits.rncan.gc.ca/pub/geott/ess_pubs/215/215334/cr_2004_b02.pdf


10 Canada-Nunavut Geoscience Office


