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Abstract 

New data from Bjarnasson Island and Bals Fiord on western Axel Heiberg Island 
provide insight into the physical volcanology, petrology, and petrogenesis of 
Cretaceous Isachsen Formation magmatism. The Bjarnasson Island section is the 
oldest volcanogenic sequence of the Isachsen Formation. The lower stratigraphic 
position of the Bjarnasson Island section may be the result of erosional incision or 
faulting. The Bals Fiord section contains a thick basal sequence of interbedded 
pyroclastic (hydrovolcanic), distal epiclastic (mass-flow), and thin sedimentary (fluvial) 
deposits, that mark an initial explosive phase of volcanism in a fluvial-deltaic setting. 
Volcanic deposits at Bals Fiord change abruptly from pyroclastics to a thick flow 
sequence with interbedded fluvial-deltaic sedimentary units. Petrographically the Bals 
Fiord and Bjarnasson Island samples are tholeiites or olivine-tholeiites, and occur in 
two distinct textural varieties: (i) fine-grained porphyritic and glomeroporphyritic 
flows from Bjarnasson Island, and (ii) seriate-textured flows from Bals Fiord. Three 
geochemically distinct populations of Isachsen Formation samples exist, each 
population consisting mainly of Bjarnasson Island, Bals Fiord, or Bunde Fiord 
samples. Petrogenetic evaluation of all available Isachsen Formation volcanic samples 
reveals that at least two magmas, which shared a common parental composition similar 
to the Bjarnasson Island basalts (primitive flows from an early eruptive event) and 
distinct fractionation histories, contributed to Walker Island Member volcanism. 
Variations in the proportion of clinopyroxene fractionation, or the introduction of 
magnetite fractionation in the Bals Fiord source, may account for the compositional 
variation between Walker Island Member sources. The Bals Fiord section is the 
thickest, most proximal, and western-most Walker Island Member volcanogenic 
sequence, all of which suggests that the source region lies off the west coast of 
present-day Axel Heiberg Island. 

Key Words: Walker Island Member, tholeiite, Bals Fiord, Bjarnasson Island, 
volcaniclastics, fractionation 
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CHAPTER 1: INTRODUCfiON 

1.1 Opening Statement 

Volcanism in the Sverdrup Basin occurred in two stages: (i) Middle Carboniferous­

Early Permian activity related to the formation of the Sverdrup Basin; and (ii) Early­

Middle Cretaceous activity related to the opening of the Amerasian basin (Fig. 1.1 ). 

Isachsen Formation volcanism belongs to the later of the two episodes. This thesis 

describes in detail the Isachsen Formation volcanogenic sequences at Bals Fiord and 

on Bjarnasson Island (Figs. 1.2a,b). Data collected from Bals Fiord and Bjarnasson 

Island allows the description of paleoenvironment and physical volcanology for this 

volcanic episode. The petrogenetic interpretation of the Isachsen volcanic episode 

involves a combination of previous geochemical data from Bunde Fiord (Williamson 

1988, Hinds 1991), and new data from Bals Fiord and Bjarnasson Island (this study). 

1.2 Background 

Two stages of alkali basalt volcanism accompanied the formation of the Sverdrup 

Basin (Fig. 1.1 ): (i) Late Carboniferous syn-rift volcanics of the Audhild Formation 

(Ritcey 1989), and (ii) Permian post-rift volcanics of the Esayoo Formation (Cameron 

1989). This early volcanism in the Sverdrup Basin is of low volume and limited areal 

extent. 

Early Cretaceous to Early Tertiary magmatism in the Sverdrup Basin coincides with 

rifting events related to the opening of the Amerasian Basin to the north 
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Figure 1.1. Diagram showing the age relationships between tectonic events and. volcanism in the Sverdrup 
Basin. 
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Figure 1.2a. Location of the study area within the Canadian Arctic Archipelago; and within the present-day 
outline of the Sverdrup Basin. 

3 
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Figure 1.2b. Detailed location map (see Fig. 1.2a) showing the location of the Bals FiorJ, Bjamasson 
Island, Bunde Fiord, and Strand Fiord section locations. 
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(Embry and Osadetz 1988, Trettin 1989). The Cretaceous Isachsen and Strand Fiord 

formations contain thick mafic volcanic sequences, the product of renewed lithospheric 

extension and melt production below the Sverdrup Basin (Williamson 1988). Younger 

bimodal volcanics, present at several locations in the northeastern Sverdrup Basin, are 

not genetically or temporally related to the earlier Mesozoic events (Merrett and 

Muecke 1989, Muecke et al. 1990). 

1.3 Purpose of Study 

This study of Isachsen Formation volcanism includes two main parts: (i) the 

presentation of new stratigraphic, petrographic, and geochemical data, focusing mainly 

on the extensive section preserved at Bals Fiord, and (ii) a petrogenetic interpretation 

of Isachsen Formation volcanism involving a combination of new and previous 

geochemical data. Detailed study of the Bals Fiord volcanogenic sequence aids in the 

determination of paleoenvironment and physical volcanology for the Isachsen volcanic 

episode. Petrogenetic interpretation of all available Isachsen data provides insight into 

the evolution of the source for all Isachsen volcanics. 

1.4 Scope of Investigation 

The detailed physical description of Isachsen Formation volcanism involves 

stratigraphic analysis of the Bals Fiord section, with occasional reference to other 

Isachsen Formation volcanogenic sequences. The presentation of petrographic and 

geochemical data includes only new samples, collected in 1992, from Bals Fiord and 

Bjamasson Island. Geochemical analyses include a suite of 10 major elements and 15 
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trace elements. The geochemical investigation does not include rare earth elements 

(REE) or isotopes. Petrogenetic studies involve the evaluation of major and trace 

element concentration variations in a data set including all available Isachsen 

Formation basalt analyses. 

1. 5 Organization 

6 

The following chapter summarises the tectonomagmatic history of the Sverdrup 

Basin, and the surrounding region. Chapter 3 includes descriptions of the Bals Fiord 

and Bjarnasson Island sections, and a discussion of the paleoenvironment and physical 

volcanology of Isachsen Formation volcanism. Chapter 4 presents the petrographic 

and geochemical data for the Bals Fiord and Bjamasson Island basalts. A combination 

of new geochemical data with analyses from other Isachsen sections provides a large 

data base with which to evaluate petrogenesis in Chapter 5. Finally, Chapter 6 

summarizes the results of this study, and provides some conclusions based on these 

results. 



CHAPTER 2: TECTONOMAGMATIC DEVELOPMENT OF THE 

SVERDRUP BASIN 

2.1 Introduction 

The Sverdrup Basin, a large intracratonic basin, served as the major depocenter in 

the Canadian Arctic Islands from the Carboniferous to the early Tertiary (Balkwill 

1978). The Sverdrup Basin is 1300 x 400 km in its greatest dimensions, and contains 

up to 12 km of sediments (Trettin 1989). This chapter describes the tectonic 

development of the Basin, and associated magmatic events. 

2.2 Tectonic Development of the Sverdrup Basin 

7 

The Sverdrup Basin is approximately triangular in its surface expression, bounded 

to the south and east by stable cratonic regions, and to the north by the Sverdrup Rim, 

a horst of continental crust (Trettin 1989). The Basin suffered two stages of extension, 

discussed in chronological order below (Fig. 1.1 ). 

Deposition in the Sverdrup Basin began in the Early Carboniferous as syn-rift 

sediments of the Emma Fiord Formation, and Audhild Formation volcanogenic 

deposits accumulated in graben and half-graben structures (Trettin 1989). Concentric, 

basin-wide depositional sequences in the latest Early Carboniferous mark the end of 

rifting, and the onset of thermal relaxation (Trettin 1989). The Permian Esayoo 

Formation volcanogenic deposits occur locally near the top of the Paleozoic 

sedimentary sequence (Trettin 1989). 
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The next phase of deposition in the Sverdrup Basin began with the renewed 

extension of the crust below the Basin during the Early Cretaceous opening of the 

Amerasian Basin to the north (Trettin 1989) (Fig. 1.1 ). The renewed extension in the 

Sverdrup Basin led to the production of very large volumes of mafic magma, as 

manifested by the thick Cretaceous volcanic sequences present in the northeastern parts 

of the Basin (Trettin 1989, Williamson 1988, Embry and Osadetz 1988) (Fig. 1.1 ). 

Williamson (1988) suggests the combined evolution of parallel rift basins as a 

model for the tectonic development of the Sverdrup Basin. The older basin in this 

model experiences two phases of extension: (i) an initial rifting event, and (ii) renewed 

extension related to the opening of an adjacent basin. The sequence of events for the 

older basin in the parallel rift basin model resembles the tectonic history of the 

Sverdrup Basin (Williamson 1988) (Fig. 1.1 ). The following section summarizes 

magmatism in the Sverdrup Basin, which is closely linked to the tectonic development. 

2.3 Magmatism in the Sverdrup Basin 

2.3 .1 Late Paleozoic Magmatism 

Volcanism occurred in two episodes of low volume and limited areal extent during 

the Late Paleozoic development of the Sverdrup Basin (Fig. 1.1 ). Middle 

Carboniferous Audhild Formation volcanism, associated with the earliest rifting in the 

Basin, resulted in the deposition of subaerial volcaniclastics and alkaline basalt flows 

within the basal rift sedimentary sequence (Ritcey 1989, Trettin 1989). The Permian 

Esayoo Formation volcanogenic deposits occur within the early post-rift sedimentary 
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sequence, and consist of alkaline to transitional basalt flows and volcaniclastics up to 

300m in total thickness (Cameron 1989, Trettin 1989). 

9 

Late Paleozoic volcanism in the Sverdrup Basin resulted from partial melting of the 

asthenosphere below the Basin during rifting (Williamson 1988). Although 

volumetrically small, this melting event likely caused a significant depletion of 

incompatible elements in the asthenosphere below the Sverdrup Basin. This depletion 

has implications for the determination of source composition, and the melt-generation 

mechanism for Cretaceous volcanism. 

2.3.2 Cretaceous Magmatism 

Cretaceous magmatism in the Sverdrup Basin is highly voluminous, but restricted 

in areal extent to the northeastern part of the Basin. This magmatism reflects renewed 

extension of the Sverdrup Basin, related to the opening of the Amerasian Basin to the 

north (Williamson 1988, Trettin 1989). 

Embry and Osadetz (1988) suggest that mafic volcanism accompanied each of four 

transgressive-regressive (T -R) sedimentation cycles in the Sverdrup Basin (Figs. 2.1 

and 2.2). Data collected in 1992 contributes significantly to the understanding of 

Cretaceous volcanism. A section on northern Bjarnasson Island contains basalt flows 

within the Lower Isachsen Formation sediments of T-R cycle #1 (Figs. 2.1 and 2.2), 

however these units are of limited areal extent. This Bj arnasson Island volcanic 

sequence may be continuous into the Upper Isachsen Formation, related to T-R cycle 

#2 (Figs. 2.1 and 2.2). Several Isachsen Formation basalt units occur on the south side 

of Bjarnasson Island, only one of which occurs within the Lower Isachsen Formation. 
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{a} (b) 
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'"" /1; \ 

~-It) 
(d) 

Figure 2.1. Areal distribution and thickness of the Cretaceous volcanic deposits believed to be associated 
with the four transgressive-regressive cycles proposed by Embry and Osadetz (1988): a) Lower Isachsen 
Formation, b) Upper Isachsen Formation, c) Strand Fiord Formation, and d) "Hansen Point Volcanics" 
(Embry and Osadetz 1988). 
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Figure 2.2. Schematic Cretaceous stratigraphy of the northeastern Sverdrup Basin showing the four 
transgressive-regressive cycles of Embry and Osadetz (1 988), and their associated volcanic episodes, 
excluding the "Hansen Point Volcanics" (after Embry and Osadetz 1988). 
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The Bals Fiord basalt flows lie within the Upper Isachsen Formation, but the 

stratigraphic position of the basal volcaniclastic sequence is uncertain. T -R cycle #3 

of Embry and Osadetz (1988) contains the Strand Fiord and Hassel Formation 

volcanics (Figs. 2.1 and 2.2). Embry and Osadetz (1988) associate the bimodal 

"Hansen Point Volcanics" in the northeastern Sverdrup Basin with T-R cycle #4 (Figs. 

2.1 and 2.2). Work by G.K. Muecke and students has led to the subdivision of the 

"Hansen Point Volcanics," which display a much greater variability in age than 

previously believed, extending into the Paleogene (Merrett and Muecke 1989). 

2.4 Summary 

The Sverdrup Basin experienced two extensional events, each accompanied by 

mafic magmatism. Volcanic activity during the formation of the Sverdrup Basin was 

of limited volume and areal extent. Renewed extension led to voluminous, more 

extensive volcanic activity. This study focuses on Isachsen Formation volcanism, 

related to the second extensional event. 
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3 .1 Introduction 

13 

This chapter begins with a description of the Isachsen section at Bals Fiord. A 

brief summary of the Bjamasson Island section follows, but detailed stratigraphic 

information is not available. A discussion of the physical volcanology and 

paleoenvironment of Isachsen Formation volcanism, as preserved in these two sections, 

follows the presentation of new data. The summary incorporates stratigraphic data 

from Isachsen Formation volcanogenic sequences at Bunde and Strand fiords (Hinds 

1991, Williamson 1988) with the new data from Bals Fiord and Bjamasson Island (this 

study) (Fig. 1.2b ). 

3.2 The Bals Fiord Section 

3 .2.1 Introduction 

The Isachsen Formation section on the south coast of Bals Fiord (Figs. 1.2b, 3.1) 

contains the thickest and most complete section of Isachsen Formation volcanogenic 

material known to date (G.K. Muecke pers comm). This 570 m thick sequence 

consists of volcaniclastics, 12 thick basalt flow units, and minor sedimentary horizons. 

The volcanic flow sequence (Fig. 3.1) lies within the Walker Island Member of the 

Isachsen Formation, but the stratigraphic position of the volcaniclastic material is 

unknown. The following discussion summarizes lithological data for the 
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volcaniclastic, volcanic, and sedimentary units at Bals Fiord and provides 

paleoenvironmental and volcanological interpretations where possible. 

3 .2.2 Volcaniclastic Deposits 

3.2.2.1 Introduction 

The basal 169 m of the Bals Fiord Isachsen volcanogenic sequence consists of 

volcaniclastic material (Volcaniclastic units 1-5) (Fig. 3.1 ). One other volcaniclastic 

unit occurs between flows #2 and #3, in the lower part of the main flow sequence 

(Fig. 3.1 ). 

15 

Ancient volcaniclastic material is inherently difficult to study because of limited 

exposure, intense alteration, and the lack of any spatial relationship to a known source 

(Lajoie 1984, Cas and Wright 1987). The best approach in studying this type of 

deposit is by non-genetic lithological classification, followed by genetic interpretation 

based on the occurrence of specific lithological criteria. 

Figure 3.2 outlines the approach to volcaniclastic classification used in this study 

(after Cas and Wright 1987). This classification scheme involves the systematic divi­

sion of various volcaniclastic units based on lithological criteria including: grain size, 

clast angularity, and framework type (open or closed). Open framework coarse-grain 

volcaniclastic material is in matrix support, and closed framework material is in clast 

support. This classification scheme results from work on fresh material, but the 

Isachsen Formation volcaniclastic material is highly altered. For this reason the 

descriptions of all volcanic material in the following discussion are made with 
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reference to the original volcanic products. For example, material described as basaltic 

glass in this section is pervasively altered to palagonite. 

The origins of epiclastic deposits range from dilute stream-flow to viscous debris 

flows (Smith 1986): The various mechanisms for transport control the sedimentary 

features of each deposit (Table 3.1 ). Debris flows behave plastically and deposit 

material en masse as the flow wanes, whereas stream flows are turbulent and their 

deposits more closely resemble fluvial sedimentation (Smith 1986). Hyperconcentrated 

flood flow deposits are transitional between debris flow and stream flow deposits, 

where turbulence is not the only mechanism of transport, and deposition is not en 

masse (Smith 1986). The depositional characteristics of various epiclastic units, using 

Table 3.1, allow the determination of flow type for each unit. 

The following section summarizes field and thin section data for the volcaniclastic 

deposits, and provides both non-genetic and genetic classifications for each unit 

following the scheme presented in Figure 3 .2. Table 3.2 provides a summary of 

important lithological data for each volcaniclastic unit, following the criteria outlined 

in Cas and Wright (1987). An interpretation section discusses volcanological and 

paleoenvironmental conclusions based on evidence taken from the volcaniclastic units 

in the Bals Fiord sequence. 
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Table 3.1 Table ol' lithological criteria l'or the recognition of the various epiclastic deposit types, as proposed by Smith ( 19R6). 



UNIT II 1 2 
b 

3 4 5 
b 8 a a 

THICKNESS (m) >- 24 17 33 19 28 36 12 8 
(APPROX) (APPROX) 

TEXTURAL 
-COHERENT OR FRAGMENTAl FRAGMENTAl FRAGMENTAl FRAGMENTAL FRAGMENTAl FRAGMENTAl FRAGMENTAl FRAGMENTAl FRAGMENTAL 

-WElDING NO POSSIBLE, RARE POSSIBLE NO NO NONE NOTED NO NONE NOTED 

- GRAIN SIZE RANGE 
-ClASTS (em) 0.3-lO 6-20 SIMILAR TO 2a 0.2-3 0.1·2 ~~E 60) 0.2-10 UP TO 0.8 0.3-25 
-MATRIX MUD VCG FG fG NOf~E-FG (UP) MUD 

·SORTING POOR POOR POOR POOR POOR POOR POOR POOR 

-ANGUlARITY 
- ClASlS SUBRND-SUBANG ANGlJI AR-SUBANG ANGULAR SIJBROUND AtlGIJLAR-SUBANG ANGULAR-SIJBANG SUBANG-SUBRND ANGULAR 
-MATRIX ANGULAil-SUBAflG AllGULAR-SUBANG ANGULAR-SUBANG ANGUlAR-SIJBANG 

-FRAMEWORK TYPE OPEN ClOSED ClOSED OPEN ClOSED ClOSED OPEN CLOSED 

COMPOSITIONAL 
·VOLCANIC CLAST AFFINIIY BASAlliC BASAlliC BASAliiC BASAIIIC BASALIIC llASAlliC BASAlliC BASALTIC 

· HOMOGENEITY 
-ClASTS IIElEfiOGENEOUS IIEIEROGHlEOUS llElEROGEilEOIJS HETEROGENEOUS IIETEilOGHIEOIJS llEIEilOGENEOUS HOMOGENEOUS HOMOGENEOUS 
·MATRIX HOMOGENOUS IIEIEilOGEilEOUS ltEIEilOGENEOUS IIEIEilOGENEOIJS IIEIEROGEIIEOIJS IIOMOGENEOUS 

· CLASI COMPONENIS MASSIVE BASAl! S\.OiliACEOIJS t SCOiliA t MASSIVE SCOiliA t MASSIVE MASSIVE\POfiPII. SCOfiiA. MASSIVE MASSIVE BASALT SCORIA 
AND QUAI"l!Z PEBBLES MASSIVE GlASSY MICROXILN GLASSY BASAlT (GLOMHIO- GlOM, AN> SIJIIAIE) BASAL! t BOMBS 

BASALT (RARE BASALT tAflE AND PORPIIYRIIIC) AND LOW SCORIA AND BOMB FRAGS 
SEHIAIE CLASIS) SERIAIE .lASIS) CONIENT 

· MAIRIX COMPONENIS MUD BASAL I fflAGS AS I OWm OVERAll QIZSANDANDVOIC QIZ SANO IN MilD 
ABOVE t AllD QIZ MAIIIIX MAIEiliAl. FIIAGS IN GlASS ASH(?) MAlfliX 

AND SillS! MAINLY QIZ MAIIIIX WIIEflE PllESENl 
FRAGS 

OTHER NOTES 
-STEEPlY INCliNED -RARE INTACT -SIIGIIHY IIIGIIER lJNII GRADES UP -UNII GRADES IJP, -VAiliABLE ClAST ·FlAGGY OUTCROP -MAINLY SCORIA 
DEWATERING BOMBS NEAR BASE CRYSIAlliNITY INTO A PLATY. TllROlJGIIlOSS OF SIZE AND COMP ·POSSIBlE SIEVE FRAGMENTS IN 
STRIJCJUfiES(lOcm -SilTST CONTAINS IN BASAlT FRAGS MED GRAINED.ANG- LARGE CLASTS, TltROIJGII SECTION DEPOSITION INTO A WIDE GRAIN 
thlck.40cm long) ASit (?)MATRIX -lESS VOID SPACE SUBANG QTZ SAND INTO A FINE-MED -COMMON INTACT UPPER PART OF SIZE RANGE 

·IIIGil QUARTZ CONT AND CARB Fill IN ASII(?) MATRIX GRAIN SST WITH BOMBS IN MIDDlE UNIT 6a -UNIT SUGHTL Y 
IN VOLC CLASTS · PERV A SIVH Y lOCAl CG LENSES PORTION OF UNIT RED AT TOP 

-CARB PORE-FILL ALTERED RED (LAGS) 

Table 3.2. Tuble of lithological data for the volcaniclastic deposits from the Bals Fiord section. 
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3 .2.2.2 Observations 

Unit 1 This unit contains subangular-subrounded basaltic clasts and subrounded 

quartz pebbles in a muddy matrix. Elongate lenses of coarse-grained material, steeply 

inclined to bedding occur within this unit. The coarse grain size of the lenses may be 

the result of winnowing of the muddy matrix material by dewatering during 

compaction of this water-saturated deposit. Evidence of water saturation, a massive, 

poorly sorted lithology, and the presence of rounded quartz pebbles all indicate an 

open-framework conglomerate classification for this unit. This unit, in genetic terms, 

is likely an epiclastic mass-flow or pebbly mud flow deposit. 

Unit 2 Variations in lithological character allow the subdivision of Unit 2 into two 

parts, with an indistinct boundary. The lower unit (2a) contains at least two intact 

pyroclastic bombs. Thin section observations of Unit 2a (AX92-203, Fig. 3.3) show 

both massive and scoriaceous clasts with cryptocrystalline to glassy textures and high 

concentrations of detrital angular quartz grains. Rare fluidal structures in the clasts, 

and the indistinct, interlocking grain boundaries of the some scoriaceous fragments 

may indicate welding. Secondary carbonate matrix material indicates high porosity 

upon deposition (Fig. 3.3). This unit is a closed-framework (clast support) breccia of 

massive and scoriaceous basalt fragments. The presence of intact bombs, and local 

evidence for hot emplacement (fluidal structures and welding), support the 

classification of this unit as an agglomerate. 

Unit 2b is also a closed-framework breccia of angular massive and scoriaceous 
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basalt fragments. In thin section (AX92-204, Fig. 3.4), the basalt fragments display 

cryptocrystalline to slightly porphyritic textures with common plagioclase 

microphenocrysts. This unit again shows abundant angular quartz grains within the 

volcanic clasts. A few clasts display fluidal structures, and most clasts have indistinct 

and interlocking grain boundaries indicative of welding. Two thin igneous sub-units 

(1.5 and 2 m thick) lie within the upper portion of Unit 2b, parallel to bedding. The 

upper igneous sub-unit (AX92-205) is a slightly porphyritic, fine-grained basalt 

containing sub angular basaltic clasts of mixed affinity, and abundant, partially resorbed 

quartz grains. These features are similar to those found in some of the basaltic clasts 

in this unit, and may indicate a genetic, and possibly temporal link between the 

volcaniclastic and flow units. A thin dyke (AX92-202) cutting units 1 and 2 is not 

texturally related to this upper igneous unit. Unit 2b is a closed-framework breccia, 

and possibly an agglutinate deposit as suggested by its lithology, possible evidence for 

hot emplacement, lack of pyroclastic bombs, and the occurrence of thin interbedded 

flow tongues. The bright red weathering of this unit suggests subaerial deposition. 

Unit 3 Marked by an abrupt change in clast angularity, Unit 3 grades upward from 

a poorly sorted volcaniclastic conglomerate, through a rapid transition, to a platy­

fractured, medium-grained sandstone. The volcaniclastic conglomerate has an open 

framework, and displays inverse grading defined by an increase in maximum clast size 

upward through the unit. The upper sandstone unit (AX92-206) consists of mainly 

angular to subangular quartz grains (+rare detrital microcline) and porphyritic volcanic 

fragments in an indistinct brown, cryptocrystalline (glassy ash?) matrix. The matrix 
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Figure 3.3. Photomicrograph of Unit 2a (AX92-203) in PPL. Note the indistinct, interlocking nature of the 
clast boundaries for the scoriaceous fragments, the fluidal structure in the clast in the upper left comer, the 
intraclast angular quartz grains, and the carbonate matrix material. FOV = lOx 14 mm. 

Figure 3.4. Photomicrograph of Unit 2b (AX92-204) in PPL. Note indistinct, interlocking clast boundaries 
and the high concentration of unresorbed angular quartz grains. FOV = lO x 14 mm. 
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material contains sub- to euhedral plagioclase and clinopyroxene crystals indicating a 

possible crystal tuff origin for this material. Unit 3 is an open-framework 

conglomerate in sharp contact with Unit 2, probably a mass- flow deposit. The upper 

sandstone unit likely represents fluvial deposition of angular quartz sand and re­

worked volcaniclastic material. 

Unit 4 This unit has a sharp basal contact showing considerable relief along strike. 

Large sand-flame structures (up to 2 m high with 80 em bases) occur in the base of 

this unit. The base of this unit is a poorly sorted closed-framework breccia. In thin 

section (AX92-207, Fig. 3.S) this lower unit consists of massive, subangular basalt 

clasts in a groundmass of fine-grained angular to subangular quartz sand with an 

indistinct brown cryptocrystalline (glassy ash?) matrix. Basalt fragments in this unit 

show considerable textural variety ranging from glassy/cryptocrystalline (+/­

plagioclase phenocrysts), to fine-grained holocrystalline. The amount of angular quartz 

grains in the volcanic clasts is distinctly lower than in the units below. This unit 

grades up into a fine- to medium-grained sandstone through a decrease in the 

clast:matrix ratio. Lensoidal trough lag deposits of coarse-grained material (large 

quartz grains and volcanic clasts) occur locally in the upper sandstone unit. The basal 

portion of Unit 4 is probably an epiclastic mass-flow breccia. The upper sandstone 

unit is a fluvial deposit of angular sand and reworked volcaniclastic material. 

Unit 5 This unit consists of a lower closed-framework volcanic breccia (Sa), and 

an upper open-framework volcanic conglomerate (Sb). Unit Sa displays reverse 
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grading defined by an increase in maximum clast size, and a corresponding increase in 

bomb fragment concentration. At 15 m above the base of the unit intact bombs (up to 

15 em in diameter) are common (Fig. 3.1, 3.6), the amount of scoriaceous material 

increases, and the matrix becomes mud-rich. Thin section analysis of the matrix 

material (AX92-209, Fig. 3.7) reveals a mixture of subangular-subrounded quartz sand 

and subangular-angular basalt fragments in an indistinct brown cryptocrystalline 

(glassy ash?) matrix. The bombs and other basalt fragments again contain subangular 

to subround quartz grains, but in lower concentrations than in previous deposits. At 

20 m above the base of the unit bombs become less common, and the proportion of 

massive and amygdaloidal basalt clasts (up to 5 em in diameter) increases. Unit 5a is 

likely an agglomerate, based on the presence of bombs, however, this unit may have 

experienced local re-deposition, incorporating the sandy/muddy matrix material. 

Unit 5b is an open-framework conglomerate containing rounded basalt clasts in a 

muddy matrix, likely a pebbly mud-flow deposit. The gradation between Units Sa and 

5b may be the result of infiltration of muddy material from the upper lahar deposit 

into the breccia below, similar to sieve deposition in alluvial fans (Hooke 1967). 

One other volcaniclastic unit occurs in the section, within the main flow sequence, 

between flows #2 and #3 (Fig. 3.1 ). This unit is a closed-framework breccia 

containing mainly amygdaloidal basalt fragments. The homogeneous clast composition 

and the occurrence of a thin discontinuous flow above suggests the classification of 

this unit as an agglutinate. A slight reddening of this unit indicates subaerial 

deposition and weathering. 
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Figure 3.5. Photomicrograph of the basal volcaniclastic breccia of Unit 4 (AX92-207) in PPL. Note the 
high concentration of angular quartz grains in the matrix and within the clasts, and the similar appearance of 
the two populations. Local carbonate fill (upper right). FOV = 10 x 14 mm. 

Figure 3.6. Photograph of a common pyroclastic bomb from Unit Sa. Note the intact nature of the bomb 
with a well-developed chilled margin an!! scoriaceous center. Pen-top = 5 em long. 
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3.2.2.3 Regional interpretation 

The volcaniclastic deposits in the basal 169 m of the Bals Fiord section have a 

mixed pyroclastic and epiclastic affinity. The pyroclastic units (Units 2 and 5a) are 

proximal deposits, while the epiclastic units (Units 1, 3, 4, and 5b) may represent 

deposits from a more distal source and/or reworking of the local pyroclastic material. 

The pyroclastic units 2a and 5a contain intact bombs indicating very close 

proximity to the source. High concentrations of interstitial angular quartz grains in 

some parts of the pyroclastic deposits (e.g. AX92-204, 209) may suggest minor 

reworking of this material, or fall deposition into an area of active sand sedimentation. 

The angular quartz grain content of the volcanic clasts in the pyroclastic deposits 

indicates mixing of magma and unconsolidated sand (Fig. 3.8) just prior to eruption, 

providing insufficient time for any resorption of the quartz grains (Fisher and 

Schmincke 1984) (Fig. 3.9). Quartz grains react quickly in mafic magmas, forming an 

augite corona (Glazner and Ussler 1988). Significant augite crystallization occurs after 

only a few hours in the magma, and a dense mat forms after 22 hours which protects 

the remaining quartz and explains their widespread preservation (Glazner and Ussler 

1988). An observed decrease in detrital quartz grain concentrations in the volcanic 

fragments upward through the pyroclastic units indicates isolation of the rising magma 

from the unconsolidated sediment, perhaps by the coating of the conduit(s) through 

repeated eruptions. 

The presence of interstitial and intraclast detrital sand supports hydrovolcanic 

activity as the mechanism for eruption of the pyroclastic material (Leat and Thompson 
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Figure 3.7. Photomicrograph (PPL, FOV = 10 x 14 mm) of the volcaniclastic material in the bomb horizon 
of Unit 5 (AX92-209) showing the edge of a bomb at the top, and the quartz-rich matrix material with 
volcaniclastic fragments. 

Figure 3.8. Photomicrograph (XN, FOV = 4 x 7 mm) of the immature quartz sandstone typical of the Bals 
Fiord section (from fluvial sedimentary unit between flows #4 and #6). Note the similarity in size (note 
scale change) and angularity of the quartz grains to those found within the volcaniclastic fragments in the 
lower part of the section. 
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a) 

b) 

Figure 3.9. Figure illustrating the stability quartz sand in the Bals Fiord basalts; a) pyroclastic material with 
high concentration of unresorbed angular quartz grains (Unit 2b, AX92-204) (PPL, FOV = 10 x 14 mm), and 
b) detrital quartz grain from the base of a basalt flow in the main flow sequence (Flow #5, AX92-195) (PPL, 
FOV = 1 x 2 mm). Note the thick corona of augite formed around the quartz grain in Flow #5, and the Jack 
of any quartz resorption or augite crystallization in the pyroclasts. 
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1988, Cas and Wright 1987, Kokelaar 1982). The predominance of basalt fragments, 

and paucity of lithic clasts suggests a phreatomagmatic origin for this material (Cas 

and Wright 1987). 

Increasing crystallinity in the pyroclastic fragments from glassy to microphenocryst­

bearing within Unit 2, and to holocrystalline and slightly porphyritic in Unit 5, may 

indicate cooling and maturation of the magmas within the source vent area for this 

material. The decrease in quartz grain concentration in the pyroclastic fragments also 

supports the model of a maturing source for this material. 

Interbedded with the pyroclastic deposits in this section are epiclastic deposits, 

defined as re-deposited volcaniclastic material (Cas and Wright 1987). Movement of 

epiclastic material is caused by gravitational instability and enhanced by water 

saturation. The source region for these epiclastic deposits may be the local pyroclastic 

material, or, more likely, they may represent deposits from a more distal source. 

These epiclastic units resemble volcaniclastic fan deposits, which may occur at 

considerable distances from their source (approximately 8 km in Palmer et al. 1993 ). 

All epiclastic deposits in the Bals Fiord section appear to be formed by debris flow 

because they: (i) are all massive, (ii) are all open-framework (matrix supported) 

deposits, and (iii) all show no grading, or only poorly developed reverse grading 

(Table 3.1 ). Epiclastic units 3 and 4 display a rapid gradation into sandstone deposits. 

The sandstone above Unit 4 contains coarse-grained lenses of quartz and volcanic 

fragments, interpreted as lag deposits, indicating fluvial deposition of this material. 

Fluvial deposition of the sandstone units would suggest that the gradational boundary 
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with the lower epiclastic material is the result of reworking. The sandstone above Unit 

3 is massive, and is also believed to be of fluvial origin, however this may represent 

the reverse-to-normal grading pattern recognized for hyperconcentrated flood-flow 

deposits (Smith 1986) (Table 3.1 ). Sandstone layers above the epiclastic units likely 

represent the re-establishment of fluvial deposition in the channels which hosted the 

debris flows. Epiclastic deposits which grade into quartz sandstones could not occur 

on the flanks of an eruptive edifice, where topography limits the possibility of quartz 

sand accumulation, rather, they must have accumulated in a low-lying area, possibly a 

delta plain. 

Other volcaniclastic deposits in the Isachsen Formation include epiclastic deposits 

from the upper portions of Walker Island Member volcanogenic sequences at Strand 

and Bunde fiords (Fig 1.2b ). Ricketts (1985) describes an 80 m thick volcanic 

breccia, with a thin lahar deposit in the uppermost part of the section, within the 

Isachsen Formation at Strand Fiord. Work by G.K. Muecke (pers comm) suggests that 

this volcanic breccia, reported by Ricketts (1985) to be an agglomerate, is actually an 

epiclastic deposit, and that four flow units, not reported by Ricketts (1985), occur at 

the base of this sequence with interbedded Walker Island Member sediments. The 

Camp Five Creek section at Bunde Fiord contains a 45 m thick epiclastic deposit, 

lying above several flow units, near the top of the section (Hinds 1991 ). 

The Bals Fiord sequence is the thickest of all known Isachsen Formation 

volcaniclastic deposits, and contains the only known pyroclastic deposits. Both the 

observations suggest that the Bals Fiord section is closest of these deposits to an 
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eruptive center. The Bals Fiord section is the westernmost of all known Isachsen 

Formation volcanogenic sections (Fig. 1.2b ), and contains the most proximal 

volcaniclastic deposits, which may indicate that the source for Isachsen Formation 

volcanism lies offshore, west of Bals Fiord. 

3.2.3 Volcanic Flows and Associated Intrusives 

3.2.3.1 Introduction 

31 

Eleven fine- to medium-grained mafic igneous units constitute the main flow 

sequence at Bals Fiord. Their uniform appearance permits a brief summary of 

common features, followed by a more detailed discussion of features particular to 

specific flows. The stratigraphic section (Fig. 3.1) provides a summary of the features 

present in individual units. Where possible, interpretations of volcanological and 

paleoenvironmental significance follow the description of each feature. 

3 .2.3 .2 Observations 

Flows in the main flow sequence at Bals Fiord are 8-50 m thick (22 m average 

thickness). All units display columnar jointing, either in their lower portion or 

throughout. The columns in all cases are 80-100 em in diameter, and occur over 

various thickness intervals. 

Vesiculation is a common feature near both the upper and lower contacts of each 

flow, with vesicle concentration invariably increasing toward the contacts. Vesicle 

concentrations are low at the base, but reach very high concentrations in the upper part 

of some units. Intense vesiculation of the upper portion leads to the development of a 
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scoriaceous, rubbly flow top, indicating a flow origin for the few units in which it 

occurs. Nowhere in the Bals Fiord section do flow-top deposits show bole 

development, a diagnostic feature of prolonged subaerial exposure. 
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Thin horizons displaying a blocky fracture pattern separate highly vesicular basalt 

from the zone of column development below. This blocky development also occurs at 

the base of some units. 

The following observations are those particular to specific flows. The presentation 

of these unique features is in stratigraphic order. 

Flow #4 is columnar over its entire thickness, only slightly vesicular at its lower 

contact, and only slightly altered, all of which suggest that this unit may be a sill. 

Flow #4 is enveloped in sediments, and a sedimentary unit in the sequence would be 

the most obvious host for an intrusion. 

Flow #5, the thickest unit in the sequence, displays an unusually thick flow top 

with siltstone lenses which indicate local reworking of the material in the uppermost 

part of the flow-top. This flow also contains a tree stump, rising 1.5 m above the base 

of the unit (Fig 3.1 0). The presence of plant fragments at the base of a flow is 

unequivocal evidence for subaerial emplacement. The tree stump, rooted in a coal 

horizon below the flow, tapers from a basal diameter of 55 em to 38 em at the top. 

The tree broke as the flow passed over it, bending slivers at the top of the stump in 

the direction of flow (Fig 3.11 ). Tree fragments in the base of the flow, east of the 

stump, include a branched log of roughly the same diameter as the top of the stump, 

and possibly from the same plant (Fig 3.12). Highly vesicular basalt surrounds the 
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Figure 3.10. Photograph (a), and tracing (b) of the tree stwnp (1.5 m tall) at the.base of Flow #5. Note the 
location of the tree fragments and the shape of the scoriaceous halo. East is toward the left in this figure. 
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Figure 3.11. Photograph of the top of the tree stwnp in the base of Flow #5, in the same orientation as in 
Figure 3.10, showing the bent slivers which indicate flow movement toward the east (left). Pocket knife is 
10 em long. 
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stump, forming a tear-shaped halo with its tail toward the east (Fig 3.1 0). Evidence 

collected from this location indicates that lava flowed eastward at this location, during 

the emplacement of Flow #5. 

Flow #8 contains rounded clasts of scoriaceous flow-top material (3-150 em in 

diameter), from Flow #7, at its base. The inclusion of this material suggests a flow 

origin for this unit, but does not distinguish between subaerial and subaqueous 

emplacement. 

Sand flame structures rising into the base of Flow #11 (Fig 3.13) also indicate flow 

emplacement, over unconsolidated sediments. The fluvial nature of the sediments 

below this flow suggest subaerial emplacement. 

3.2.3.3 Interpretation 

The 220 m total thickness of basalt flows in this sequence indicates voluminous 

magmatism occurred at this location during deposition of the Walker Island Member 

of the Isachsen Formation. Most igneous units occur in pairs, with thin sedimentary or 

pyroclastic units between them. This stratigraphic pattern may indicate episodic 

volcanism in the area, separated by periods of clastic sedimentation. Subaerial 

emplacement of the flow units is most likely, as no evidence exists to support 

subaqueous emplacement, and various features in the flows support subaerial 

emplacement (e.g., the incorporation of plant material). The lack of bole development 

in the flow-top material of flows indicates that deposition in this area was rapid, with 

each flow being covered by either another flow or sediments before significant 

weathering could occur. 
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Figure 3.12. Photograph of the tree fragment on the east side of the stump in the base of Flow #5, in the 
same orientation as in Figure 3 .I 0. The photograph is centered on the branches of the tree fragment, and the 
left side of photograph cuts through the trunk. Pocket knife is I 0 em long. 

Figure 3.13. Photograph of a sand-flame structure in the base of Flow #11. Ruler is 1.1 m long. 
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3 .2.4 Sedimentary units 

3 .2.4.1 Introduction 

Five sedimentary units occur within the Bals Fiord volcanogenic sequence (Fig. 

3.1 ). These sedimentary units, four fluvial and one marine, are consistent with the 

fluvial-deltaic plain model for the deposition of the Walker Island Member of the 

Isachsen Formation (Embry 1991, 1985). Analysis of the sedimentary units in terms 

of depositional facies models provides important insight into the paleoenvironment and 

paleogeography at the time of deposition. 

3 .2.4.2 Observations 

The uppermost sedimentary unit, below Flow #11, is the thickest, most complete 

fluvial deposit in the section (Fig. 3.1 ). This 24 m thick unit provides the best 

opportunity to study fluvial deposition in this sequence. 

A thin siltstone overlies Flow #1 0, which is covered in tum by a thin coal horizon. 

A medium-grained, cross-laminated sandstone, possibly a levee deposit, lies in sharp 

contact with the coal and contains abundant fossil plant fragments. 

A fining-upward sandstone unit follows a 3 m covered interval. The sandstone 

grades upward from a very coarse-grained platy-fractured horizon, through a 

massive/platy interval, to a fine-grained, ripple cross-laminated sandstone at the top of 

the sequence. This fining-upward sequence resembles point bar accretion deposits in a 

meandering river (Walker and Cant 1984 ). 

A second coal horizon follows another 3 m covered interval and may represent the 
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re-establishment of vegetation after channel migration or switching. The fine-grained 

sandstone above the second coal horizon indicates overbank deposition. The shaly 

interval above the overbank deposits suggests channel migration away from this 

location. Finally, a medium-grained, laminated sandstone in the upper part of the 

section indicates renewed overbank deposition. 

Three other thin sedimentary units, above flows #3, #4, and #6, are compositionally 

similar to the thick fluvial sedimentary unit above Flow #1 0, and contain sedimentary 

structures consistent with various horizons in the upper fluvial sandstone. The 

similarity in sedimentary structures and general appearance between all of these units 

suggest a similar depositional model. 

The sandstone unit above Flow #8 is massive, has a distinct yellow color, and 

contains a trace fossil assemblage indicative of shallow marine deposition. Tubular 

(Skolithos) and U-shaped (Diplocraterion, Fig. 3.14) vertical burrows are observed in 

this marine sandstone interval. Both of these trace fossils belong to the Skolithos 

ichnofacies, which implies deposition in high-energy, shallow marine conditions with a 

high sediment influx (Frey and Pemberton 1984). 

3 .2.4.3 Interpretation 

The sediments in the Bals Fiord section are consistent with the fluvial-deltaic 

model for deposition of the Walker Island Member of the Isachsen Formation. The 

fluvial sediments are consistent with a delta-plain setting for deposition, and the 

marine sandstone unit represents shoreface deposition in a delta front environment. 
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The marine sandstone unit signals a rise in sea level, possibly related to the basin-wide 

regression which defines the top of the Walker Island Member. The occurrence of two 

subaerial flows and the thick fluvial sedimentary unit above this marine sandstone 

indicate re-establishment of delta plain deposition. 

3.3 Bjarnasson Island Section 

Only reconnaissance data are available for the Bjarnasson Island section, on the 

north coast of the island. The following sections describes, in stratigraphic order, the 

igneous units sampled and the sediments surrounding each unit. 

Reconnaissance data from the south coast of the island show a series of basalts 

within the Walker Island Member, and only one thin unit within the Paterson Island 

member. In contrast, the volcanic succession on the north coast lies within Paterson 

Island Member sediments. 

The stratigraphically lowest unit sampled (AX92-215) is a columnar, medium­

grained, glomeroporphyritic basalt with slight vesiculation in the upper 1-2 m. The 

lack of flow-top development, and the unusually coarse-grained nature of this unit 

suggest an intrusive origin for this unit. This unit is overlain by massive sandstone of 

the Paterson Island Member. 

The second sample (AX92-216) is from a fine-grained basalt flow. This flow 

displays horizontal to sub-horizontal column development, a feature common to many 

basalt flows on the north side of Bjarnasson Island. Horizontal column development 

occurs in ponded flood basalts (Wright 1984). 

An unmeasured interval separates the third sampled unit (AX92-217) from the 
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previous two. This flow unit displays vertical columnar jointing at the base, grading 

through progressively shallower angles into sub-horizontal columns at the top of the 

unit (Fig. 3 .15). This unit is underlain by a shale with increasing thin sandstone 

interbeds toward the base of the flow. The sandstones show cross-bedding and intense 

bioturbation. 

The ?nal sample (AX92-218) was taken from the uppermost exposure in the 

sequence, with a thick interval containing other unsampled basalts between this unit 

and the previous sample location. The stratigraphic position of these upper 

units is unknown, and the sequence may be continuous into the Walker Island Member 

of the Isachsen Formation. 

Embry and Osadetz (1988) suggest that two flows occur in the Lower Isachsen 

Formation on northern Bjarnasson Island, and use this evidence to support a lower 

Isachsen volcanic episode. The number of flows in this sequence is greater than 

previously believed, and their stratigraphic relationships are complex. Evidence for 

ponding, the lateral discontinuity of flows on northern Bjarnasson Island, and the 

change in flow character and stratigraphic position of flows across the island 

(approximately 2 km away) all suggest considerable topographic relief on northern 

Bjarnasson Island at the time of deposition. Topographic relief in this location, caused 

by erosional incision or faulting, could explain, in part, the lower stratigraphic position 

of these flows. This area requires more detailed study in order to fully elucidate the 

volcanological, sedimentological, and structural relationships. 
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Figure 3.14. Photograph of the shallow marine trace fossil Diplocraterion from the marine sandstone above 
Flow #8. Pen top=5 em. 

Figure 3.15. Flow #3 (AX92-217) from Bjamasson Island showing vertical to sub-horizontal column 

development. Vertical columns approximately I 0 m high. 
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3.4 Summary 

The basal portion of the Bals Fiord section contains volcaniclastic deposits of both 

pyroclastic and epiclastic origin. A distal volcaniclastic fan model for the epiclastic 

deposits is consistent with the evidence for volcaniclastic-sand mixing, and the fining­

upward of epiclastic deposits to sandstones. A volcaniclastic fan setting is consistent 

with the deltaic model for deposition of the Isachsen Formation sandstone, but the 

stratigraphic location of the volcaniclastic deposits within the Paterson Island Member 

or Walker Island Member is unclear. Pyroclastic material interbedded with the 

epiclastic deposits represents input from a proximal eruptive center(s), possibly the 

result hydrovolcanic interaction between a high level intrusion and the water-saturated 

sediments of the volcaniclastic/fluvial fan (Leat and Thompson 1988, Cas and Wright 

1987). 

A thick sequence of subaerial flows with minor interflow sedimentary and 

volcaniclastic units forms the upper part of the section. The thin sedimentary units are 

consistent with deposition in a fluvial-deltaic environment, which suggests low 

topographic relief. The source region for the flows may be the same as that for the 

epiclastic deposits, but during a less explosive phase in its development. The youngest 

pyroclastic deposit occurs early in the flow sequence (between flows #2 and #3 ), and 

may represent a final explosive event at the proximal edifice which was the source for 

the basal pyroclastics. The epiclastic material and flows are likely products of a more 

distal eruptive edifice, shedding this material into a low-relief depositional 

environment. 
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Delta-plain sedimentation continued in this area despite the addition of large 

thicknesses of igneous and sedimentary material. This indicates rising relative sea 

level (maintaining accommodation space) during deposition. The shallow marine 

sandstone in the upper part of the sequence may mark the regional regression which 

defines the top of the Walker Island Member. Two subaerial flows deposited above 

the marine sand are subaerial, perhaps as a result of thermal doming related to their 

emplacement. The 3 8 m thickness of the two flows would cause emergence of the 

delta, the re-establishment of delta-plain sedimentation, and deposition of the 

uppermost sandstone unit. 
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Reconnaissance work on Bj amasson Island shows contrasts in flow type and 

stratigraphic position across the Island. The flows on the north side of Bjamasson 

Island show features consistent with ponding, and are laterally discontinuous. These 

features, along with the apparent change in flow character and stratigraphic position 

across the island suggest significant paleotopographic relief in this area. The north 

coast of Bjamasson Island hosts more volcanic units than previously reported (Embry 

and Osadetz 1988). The stratigraphic location of the lower flow units within the 

Paterson Island Member may be, in part, the result of their deposition into an area of 

topographic relief caused by erosional incision or faulting. Regardless of the 

mechanism for deposition in the Paterson Island Member, these basalts represent the 

stratigraphically oldest Isachsen Formation volcanics. 
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CHAPTER 4: PETROLOGY AND GEOCHEMISTRY 

4.1 Introduction 

This chapter presents the petrography and geochemistry of the Isachsen basalt 

samples from Bals Fiord and Bjamasson Island. The petrology section summarizes the 

mineralogy and textures, and provides a petrographic classification for these samples. 

The geochemistry section presents new data, explores alteration effects, and provides a 

geochemical classification for these rocks. 

4.2 Petrography 

4.2.1 Introduction 

Appendix A contains detailed petrographic descriptions of each sample from Bals 

Fiord and Bjamasson Island. This section presents a summary of the petrography for 

these samples. Two textural varieties exist in these samples: (i) the main sequence 

basalts from Bals Fiord and one sample from Bjamasson Island display seriate or 

semi-seriate textures, and (ii) three of the four samples from Bjamasson Island and the 

thin flow in the volcaniclastic sequence at Bals Fiord have porphyritic to 

glomeroporphyritic textures. Petrographically, most seriate samples are tholeiites, and 

most porphyritic samples are olivine tholeiites. 

4.2.2 Mineralogy 

The mineral assemblage in all samples includes predominantly plagioclase and 

clinopyroxene, with minor amounts of opaques and olivine. Most samples from 
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Bals Fiord and Bjamasson Island are relatively fresh, with alteration restricted to 

olivine crystals and interstitial glass. 
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Euhedral to subhedral plagioclase crystals constitute 50-100% of the phenocrysts in 

all samples. Plagioclase phenocrysts commonly have oscillatory zoning and contain 

numerous inclusions of clinopyroxene, opaque material, and glass (Fig. 4.1 ). 

Inclusions occur in the rims, cores, and throughout the crystals, normally parallel to 

zoning or twin planes. Plagioclase is also a common groundmass phase, occurring as 

euhedral to subhedral laths. In seriate-textured samples plagioclase crystals form a 

continuum in grain size from groundmass to phenocryst phases (Fig. 4.2). 

Subhedral to anhedral clinopyroxene is a major constituent in the groundmass of all 

samples, but is normally less abundant in the phenocryst phase. Clinopyroxene occurs 

as interstitial material between plagioclase laths in the groundmass of the seriate 

samples (25-45%, Fig. 4.2), and forms an intergranular groundmass in the porphyritic 

and glomeroporphyritic samples (55-65%, Fig. 4.3). Larger subhedral clinopyroxene 

crystals commonly constitute 20-40% of the phenocryst phase in seriate samples (Fig. 

4.2), but are rare in the porphyritic and glomeroporphyritic samples (Fig. 4.3). 

Clinopyroxene grain size distribution is approximately bimodal, with a clear division 

between groundmass and phenocryst phases where both exist (Fig. 4.2). 

Clinopyroxene phenocrysts are rarely zoned, contain few inclusions, and locally 

display subophitic textures. 
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Figure 4.1. Large plagioclase phenocryst (AX92-l96, Flow #6) illustrating oscillatory zoning on the rims, 
and inclusions common in these crystals. FOV = 2 x 3 mm. 
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a) 

b) 

Figure 4.2. Photomicrographs showing common mineral assemblage for seriate-textured samples, including: 
plagioclase, clinopyroxene, opaques, olivine (iddingsite), and glass (palagonite, dark in photo (AX92-198, 
Flow #8). Note the gradation in grain size for plagioclase and clinopyroxene which defmes the seriate 
texture. This example also shows the development of glomeroporphyritic texture in the largest phenocrysts. 
Photomicrographs shown in: a) PPL, and b) XN; FOV = 4 x 6 mm for both. 
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a) 

b) 

Figure 4.3. Photomicrographs illustrating the common mineral assemblage for the fine-grained porphyritic to 
glomeroporphyritic samples from Bjarnasson Island, including: plagioclase, clinopyroxene, and olivine 
(iddingsite) (opaques and glass not visible at this scale). Samples include: a) AX92-216 (XN), and b) 
AX92-218 (XN), FOV = 4 x 7 mm for both. Note the flow alignment of plagioclase phenocrysts in (a), the 
large, partially resorbed detrital quartz grain with clinopyroxene rim above the large olivine crystal in the 
lower right corner of (b), and the seriate-textured inclusion in (b). 
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Opaque minerals occur in all samples (5-15% modal), but are restricted to the 

groundmass. Euhedral and subhedral grain shapes are most common. 

49 

Olivine occurs in most samples, and constitutes a small percentage of the 

phenocryst and groundmass phases (trace-10%). The Bjamasson samples are unique in 

that they contain 20-30% olivine in the phenocryst assemblage. Pervasive alteration of 

olivine to iddingsite, or chlorophaeite +/- carbonate, occurs in all samples except 

AX92-192, in which olivine has altered to chlorite. Iddingsite replacement of olivine 

indicates high-temperature, probably magmatic, alteration, and chlorophaeite suggests 

lower-temperature alteration (Cox et al. 1979). 

Interstitial glass is a constituent in the groundmass of all samples (trace-25%). 

Fresh glass is rare, with most samples displaying pervasive palagonitization. Fresh 

glass is isotropic, pink in plane-polarized light, and locally contains inclusions of 

plagioclase and/or opaque phases, commonly as crystallites (Fig 4.4). Most commonly 

the glass alters to massive yellow or brown gel-palagonite, occasionally with dark 

brown fibro-palagonite rims (Fig. 4.4). 

Gel-palagonite indicates high-temperature alteration and fibro-palagonite suggests 

low-temperature alteration (Mathews 1962). Observations on the interstitial glass in 

the Bals Fiord samples suggest that alteration is primarily the result of hot 

hydrothermal activity, possibly during emplacement over water-saturated sediments, 

with only minor secondary low-temperature alteration. 
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a) 

b) 

Figure 4.4. a) Fresh glass showing inclusions and crystallites, visible most readily in the large patch of 
pinkish material in the left-center of the photograph (AX92-192, Flow #4). b) Palagonite-replaced glass, 
sample showing zoned palagonite replacement with massive gel-palagonite cores, and dark brown fibro­
palagonite rims (AX92-188, Flow #1). PPL, FOV = 4 x 7 mm for both. 
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4.2.3 -Textures 

The majority of samples in this study display seriate or near-seriate textures. Grain 

size limits for these samples are somewhat variable: 0.02-0.1 mm minimum grain 

sizes in the groundmass, and 1.5-6 mm maximum phenocryst grain sizes. 

The largest phenocrysts locally define porphyritic and/or glomeroporphyritic textures in 

some seriate samples (Fig. 4.2). All samples with seriate textures are hypocrystalline, 

with variable interstitial glass content (trace to 25%), leading to the development of 

both intergranular and intersertal textures in the groundmass of these samples. 

The porphyritic/glomeroporphyritic samples contain the phenocryst assemblage 

plagioclase + olivine +/- clinopyroxene (5-15%, 0.1-3 mm), set in a hypocrystalline, 

very fine-grained groundmass. The groundmass in these samples contains a higher 

proportion of clinopyroxene, and forms intergranular and intersertal textures. 

4.2.4 Petrographic Classification 

Petrographic classification of these basalts follows the classification scheme of 

Figure 4.5 (after Mackenzie et al. 1982). These samples invariably contain interstitial 

glass, and have a mineral assemblage consistent with their classification as tholeiites. 

These samples are either tholeiites or olivine tholeiites, depending on the abundance of 

olivine. 
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PETROGRAPHIC 
CRITERIA: 

-Olivine <5%, 
never in 
groundmass 

-Contains both 
augite and 
low-calcium 
pyroxene 

-Variable 
interstitial 
glass content 

-Mixed inter-
sertal and 
intergranular 
groundmass 
textures 

PETROGRAPHIC CRITERIA: 

-FINE-GRAINED MAFIC ROCK 

-ESSENTIAL MINERAL ASSEMBLAGE 
INCLUDES: 

-Calcic plagioclase 
-Augite 
-Opaques 
(titanomagnetite 
+!-ilmenite) 

PETROGRAPHIC 
CRITERIA: 

-Olivine >5%, 
in groundmass 
and phenocryst 
phases 

-Lacks low-
calcium 
pyroxene 

-Augites are 
not Ti-rich 

-Interstitia I 
glass may be 
present 

PETROGRAPHIC 
CRITERIA: 

-Abundant 
olivine in 
groundmass and 
phenocryst 
phases 

-No low-calcium 
pyroxene 

-Au gites com-
mon ly Ti-rich 

-Interstitial 
glass very 
rare 

Figure 4.5. Petrographic classification scheme for basalts based on mineralogica~ and textural criteria (after 
MacKenzie et al. 1982). 
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4.3 Geochemistry 

4.3.1 Introduction 

Geochemical data for all samples in this study include X-ray Fluorescence (XRF) 

analyses for 10 major and minor element oxides and 15 trace elements (Appendix B). 

Table 4.1 provides a summary of the geochemical data from Bals Fiord and 

Bjamasson Island, as well as previous data from Bunde Fiord (Williamson 1988, 

Hinds 1991 ). The following sections describe the geochemical effects of alteration in 

these rocks, and provide a geochemical classification for these samples. 

4.3 .2 Alteration 

Visible alteration in the Bals Fiord basalts includes the replacement of interstitial 

glass by palagonite, and of olivine crystals by iddingsite or chlorophaeite +/-

carbonate. The exception to this observation is the intense alteration in sample AX92-

177, from the base of Flow #11. This sample displays intense carbonatization in thin 

section, and has a composition very different from all other samples, including AX92-

176 from within the same flow. The extreme variation in composition between AX92-

177 and all other Bals Fiord samples warrants its removal from the data set. This 

section deals with the assessment of the more subtle geochemical effects of alteration 

on these rocks, following the approach of Williamson (1988). 

Well-defined chemical changes accompany palagonitization of basaltic glass, 

including an increase in H20 content (18-30 wt%), an oxidation of Fe, and a loss of 

Ca, K, Na, Mg (Fisher and Schmincke 1984). More recent microprobe studies show 
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BALS FIORD (N = 12) I BJARNASSON ISLAL'ID (N = 4) BUNDE FIORD (N = 20) 
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I 46.69 50.17 4924 0.95 47.74 51.25 50.04 1.57 46.72 51.24 49.18 

F~O/ 12.74 15.63 14.61 1.05 11.65 12.44 12.03 0.34 11.93 14.74 13.65 0.87 i 

MnO 0.19 0.27 0.22 0.02 0.14 0.20 0.18 0.03 0.17 0.22 0.20 0.01 

Table 4.1. Maximwn, minimwn, mean, and standard deviation statistics for chemical analyses from Bals 
Fiord, Bjarnasson Island, and Bunde Fiord flows. Note the unique chemical nature of the Bjarnasson Island 
samples, and the contrast in LOI between Bunde Fiord and Bals Fiord samples. Data for Bals Fiord and 
Bjarnasson Island samples in Appendix B, data for Bunde Fiord from Williamson (1988) and Hinds (1991 ). 
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that most elements are redistributed in palagonitization, with the degree of alteration 

showing a positive correlation with water content (Fisher and Schmincke 1984 ). This 

positive correlation between alteration and water content allows the weight percent 

LOI (loss on ignition) to be used as an alteration index. 

Olivine alters to iddingsite or chlorophaeite, both mixtures of various clay minerals. 

This alteration, in response to mineral stability rather than hydrothermal activity, 

should not significantly affect whole-rock geochemistry. 

The procedure for evaluating alteration effects involves the comparison of several 

samples from the main flow sequence at Bals Fiord with AX92-192, a petrographically 

fresh sample from that section (1.3 wt% LOI). The samples chosen for comparison 

with AX92-192 have approximately the same modal glass content, but have variations 

in LOI concentration: (i) AX92-195, Flow #5, 1.4 wt% LOI; (ii) AX92-198, Flow #8, 

1.5 wt% LOI; (iii) AX92-200, Flow #9 (upper), 1.8 wt% LOI; (iv) AX92-199, Flow 

#9 (base), 2.2 wt% LOI; and (v) AX92-188, Flow #1, 4.4 wt% LOI. Systematic 

chemical changes with increasing LOI concentration indicate alteration, as mentioned 

above. The analysis used in this evaluation of alteration involves the comparison of 

various element concentrations in the samples with respect to Ti02 concentrations. 

Ti02 is a good reference element in alteration studies because it has a low solubility in 

natural waters, and therefore remains relatively immobile during hydrothermal 

alteration (Cramer and Nesbitt 1983). 

Systematic changes in the ratio [element]/[Ti02] with increasing alteration 

(increasing LOI concentration), normalized to the ratio for AX92-192 (Equation 4.1) 
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suggest alteration as the mechanism for these chemical variations (Fig. 4.6, 4. 7). Non­

systematic changes in element concentrations using this method indicate other 

processes are responsible for the changes. 

%CHANGE= [(XA/Ti02A)/(XUA/Ti02UA) - 1] X 100 

X = Concentration of element 

A = Altered sample 

UA =Unaltered sample (AX92-192) 

(4.1) 

This analysis indicates that chemical alteration of the Bals Fiord samples is 

relatively minor, with clear alteration effects apparent only for barium. The variations 

in all other elements, although sometimes extreme, are non-systematic, and therefore 

cannot be attributed to alteration in this treatment. 

Limited chemical alteration of the Bals Fiord samples is consistent with their 

relatively fresh appearance in thin section, and low mean water content (1.95 wt% 

LOI, Table 4.1 ). The Bunde Fiord samples, in contrast, have a higher mean water 

content (2.50 wt% LOI, Table 4.1 ). The Bunde Fiord samples display much greater 

alteration in thin section, and show much greater element mobility during alteration in 

a similar analysis (Williamson 1988). 

4.3.3 Geochemical Classification 

The geochemical classification of Le Bas et al. (1986) uses the relationship 

between total alkali content (N~O + K20) and silica. Following this scheme the Bals 
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Fiord, Bjamasson Island, and Bunde Fiord basalts plot mainly within the basalt field, 

with a few samples lying just outside the basalt field in the basaltic-andesite field (Fig 

4.8). The AFM (alkali-iron-magnesium), and alkali-silica plots of Irvine and Baragar 

(1971) (Figs. 4.9a and 4.9b) indicate that all Isachsen Formation samples are sub­

alkaline (Fig. 4.9b ), and tholeiitic (Fig. 4.9a). 

4.4 Summary 

The basalts from Bals Fiord and Bjamasson Island contain the same mineral 

assemblage, but occur in two distinct textural varieties. The Bals Fiord samples are 

seriate to semi-seriate, with only a few samples from the basal volcaniclastic sequence 

showing porphyritic and glomeroporphyritic textures. The Bjamasson Island samples 

are very different, as only one sample is seriate-textured, and the majority display 

porphyritic to glomeroporphyritic textures. All samples in this study classify 

petrographically as tholeiites or olivine tholeiites (less than or greater than 5% olivine, 

respectively). 

An evaluation of element mobility accompanying alteration in the Bals Fiord 

samples indicates that barium is the only element showing chemical variations related 

to alteration. This result is consistent with the fresh appearance and low water content 

( wt% LOI) of the Bals Fiord samples, both indicative of limited alteration. 

The majority of Isachsen Formation samples analyzed are basalts, following the 

classification scheme of Le Bas et al. (1986), with a few samples plotting just outside 

of the basalt field as basaltic andesites. In the classification of Irvine and Baragar 

(1971) all Isachsen Formation samples plot within the tholeiitic and subalkaline fields. 
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Using a combination of data collected from Bals Fiord and Bjamasson Island (this 

study), and Bunde Fiord (Williamson 1988, Hinds 1991) the following chapter presents 

a petrogenetic interpretation of Isachsen Formation magmatism. 
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FORMATION MAGMATISM 
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5. 1 Introduction 

This treatment of Isachsen Formation magmatism employs a combination of 

geochemical data from the Bunde Fiord region (Williamson 1988, Hinds 1991), and 

new data from Bals Fiord and Bjarnasson Island (this study). This study uses the 

analyses for the main flow units in these sections only, and does not include a sill 

sampled at Bunde Fiord (AX90-61, 62), or the basalt samples from the volcaniclastic 

succession at Bals Fiord (AX92-202, 205). Also removed from the data set is the 

highly altered sample AX92-177, as discussed in Chapter 4. 

5.2 Major and Trace Element Variation 

5.2.1 Introduction 

Analysis of chemical variation requires a reliable index element which varies 

systematically during differentiation, and remains immobile during alteration. For 

basaltic compositions the highly incompatible elements provide good differentiation 

indices because they partition strongly to the residual melt during crystallization of all 

common mineral phases (Cox et al. 1979). Immobile elements have a high charge I 

radius ratio (high field strength) which makes them resistant to mobilization during 

alteration (Pearce and Norry 1979). The best differentiation index in this data set is 

zirconium (Zr), which is both highly incompatible and immobile (Pearce and Norry 

1979), and is present in high concentrations in all Isachsen samples (1 00-300 ppm). 
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5.2.2 Incompatible and Immobile Elements 

The highly incompatible element niobium (Nb) displays a strong linear relationship 

with Zr in the Isachsen samples (Pearson Correlation Coefficient (r) = 0.9) (Fig. 5.1 ). 

This trend suggests a single source may be responsible for all Isachsen Formation 

volcanics, including those on Bjarnasson Island, which plot at the most primitive end 

of this trend. 

The plot for zirconium (Zr) against titanium (Ti02), a slightly more compatible 

element, shows two distinct linear differentiation trends in the Isachsen data (Fig. 5.2). 

The higher Ti02 trend intersects the origin and contains most of the samples from the 

Bunde Fiord region (The Bunde Fiord Trend), and the lower Ti02 trend contains most 

of the Bals Fiord samples (The Bals Fiord Trend). The Bjarnasson Island samples are 

stratigraphically the oldest, and compositionally the most primitive samples, and they 

lie at the intersection of the Bunde Fiord and Bals Fiord trends. The existence of two 

distinct differentiation trends indicates that two magma sources, with distinct 

compositions, contributed to Isachsen Formation volcanism. The intersection of these 

two trends, and the linear relationship between Zr and Nb suggest that these magmas 

may have shared a common parent. 

Three of the Bunde Fiord samples (AX85-267 and AX90-67,72), unique in that 

section, lie on the Bals Fiord Trend. These three samples belong to the only flow that 

correlates across all three Bunde Fiord sections in the multivariate statistical analysis 

by Hinds (1991 ). These samples also plot with the Bals Fiord samples in various 

other element variation diagrams. A second, geochemically distinct source for this 
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flow (The Bals Fiord Trend) would explain its anomalous composition among the 

Bunde Fiord samples. Other Bunde Fiord samples that plot on the Bals Fiord Trend 

(AX85-264, 266 and AX90-64, 73) lie closer to the intersection of the two trends. 

Near the intersection, the separation between the trends approaches analytical 

uncertainties (+/- 10%) and the effects of within-flow chemical variations, which are 

documented for repeat samples of a flow in the Bunde sequence (Hinds 1991). 

5.2.3 Major Elements 

67 

Major element variation diagrams, plotted against zirconium, reveal further 

evidence to support the existence of two separate differentiation trends. Plots for 

calcium, sodium, iron, and aluminum (Fig. 5.3) all display considerable scatter because 

of their inherent susceptibility to alteration. The Bunde Fiord samples show the 

greatest scatter because they are more highly altered (Chapter 4). Despite their 

susceptibility to alteration, these element variation diagrams do allow the identification 

of two distinct populations of data, which correspond to each of the Bals Fiord and 

Bunde Fiord trends previously identified (Fig. 5.3). 

Concentrations of Na and Fe are consistently higher in the Bals Fiord samples, 

whereas the concentration of Ca is consistently lower. Aluminum concentrations show 

considerable scatter for both the Bunde and Bals fiord samples and no clear separation 

of two populations. The broadly linear trend of aluminum against zirconium defines 

an overall decrease with differentiation. 

The Bjamasson Island samples are the most primitive, and define a third population 

of samples. The Bjamasson Island samples have low CaO, N~O, and Fe20 3 



(l 
::r: 
~ 
'"0 ...., 
trl 
to 
~ 

a) 15 b) 
'"0 

4 trl 
I I 

...., 
to 
0 
Q 

3.5 trl z 
trl ...., 

0 n 
0 ,..-..., • z ,..-..., 

0 0 0 ~ 3 • ~ " 
I& • ...., 

%0 0 trl 
o••o • ~ ....... , 

0 0 Ill a a a 
f$ 10 t- • 0 oo 2.5 0 § o,o - Ill 

"--" II • 0 co ...., 
Ill • () 0 • fll' 00 0 

Oo 
~ 

0 • a 0 co 0 
...., 

() N • 0 0 5 C'd • 0 

u C\:1 2 0 z z 
1.5 

5 I 1 I I I 

c) 20 I T d) 20 I I 

,..-..., I • • ~ 15 811 
,..-..., 

0 • 0 !! QQ ~ cfl 0 0 Q 
0 

0 0 0 ....... 
• 0 f$ 

0 .. 0 0 "--" 15 t-

* • 00 

('!") ('() • oo 

0 • .._o 0 0 

0 • C> • 
N 10 t-

N • d'e 0 
0 

- - li a a (]) < 0 I§ 

~ 0 
1111 a 

5~------~------~~--------L-------~ 10~-------~~-------~'-------~~------~ 
100 150 200 250 300 100 150 200 300 

(ppm) Zr (ppm) 

Figure 5.3 Variation diagrams for various major elements against a) Ca, b) Na, c) d) Al. O= Bunde Fiord 
samples, o = Bals Fiord samples, o = Bjarnasson Island, a= Bunde Fiord samples on Bals Fiord trend. * Fe203 + FeO 



CHAPTER 5: PETROGENETIC INTERPRETATION 

concentrations, and higher Al20 3 concentrations relative to the other Isachsen 

Formation samples. 

5 .2.4 Trace Elements 

69 

Figure 5.4 shows plots for the trace elements Y, Rb, Ni, and Cr against the 

differentiation index Zr. The Bunde Fiord samples in the Zr-Y plot (Fig. 5.4a) show 

considerable scatter, and an overall lower concentration. The scatter may be the result 

of alteration, however, Y is relatively incompatible and immobile, and therefore should 

not be affected by alteration (Pearce and Norry 1979). The scatter in the Zr-Y and Zr­

Rb plots for the Bunde Fiord samples (including those from the Bals Fiord Trend), and 

the relatively strong linear relationship for the Bals Fiord samples in the same plot 

provide further evidence that alteration is more intense in the Bunde Fiord samples 

(Chapter 4). 

The trace metal plots of Cr and Ni against Zr show considerable scatter in the data 

from both Bunde Fiord and Bals Fiord, with overall lower concentrations in the Bals 

Fiord samples (Fig. 5.4c,d). The most significant feature of these plots is the location 

of the Bjamasson Island samples, which have distinctly higher Ni and Cr 

concentrations than the other Isachsen Formation samples. 

5.2.5 Summary 

Differentiation plots of various elements against zirconium provide important clues 

about the origin and evolution of Isachsen Formation magmatism. The incompatible 

and immobile elements Ti02 and Nb represent the best clues as these elements are 
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least subject to alteration effects. A strong linear relationship exists between 

zirconium and niobium, because of the strongly incompatible nature of these two 

elements. The strong highly significant correlation (r = 0.9) of all Isachsen Formation 

samples in the Zr-Nb plot suggests a common source for all the samples. Two distinct 

trends in the data set are apparent in the plot of zirconium against titanium. One trend 

contains the majority of the Bunde Fiord samples, the other the majority of the Bals 

Fiord samples. The Zr-Ti02 plot suggests that two sources contributed to Isachsen 

Formation volcanism. The intersection of the two trends in the Zr-Ti02 plot, and the 

linear relationship of these samples in the Zr-Nb plot, suggests that the two sources 

shared a common parent. The common parental magma for the two populations of 

Isachsen Formation volcanics likely resembled the composition of the Bjarnasson 

Island basalts, which: (i) are the most primitive samples, and (ii) plot at the 

intersection of the two trends in the Zr-Ti02 plot. 

Differentiation plots for several other elements show two distinct populations of 

samples, dominated by either Bals Fiord or Bunde Fiord samples. The separation of 

the two populations is less distinct for these other elements because of element 

mobility during alteration, most notably in the Bunde Fiord samples. 

5. 3 Petrogenetic Interpretation 

5. 3 .1 Introduction 

The petrogenetic analysis of comagmatic basaltic suites involves the examination of 

magma chamber evolution using simple AFC (assimilation-fractional crystallization) 
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models. The following discussion of the Isachsen Formation basalts focuses mainly on 

fractional crystallization as the controlling mechanism for magma evolution, because 

the role of assimilation is difficult to quantify with the available data. 

5.3.2 Trend Analysis 

Differentiation trends for various elements in the Isachsen Formation samples 

display a variety of information useful in petrogenetic interpretation. The most 

reliable elements for interpretation, as indicated in the previous section, are zirconium, 

niobium and titanium. The following is a petrogenetic interpretation of Isachsen 

Formation magmatism, based on work by Pearce and Norry (1979). This discussion 

centers on the interpretation of niobium and titanium differentiation trends, using 

variations in other element concentrations as supporting evidence. 

Pearce and Norry (1979) evaluate the effects of fractional crystallization, for 

various minerals, on log-Zr against log-Nb and log-Ti02 plots. The slope of the trend 

for the Isachsen Formation samples in the log-Zr against log-Nb plot resembles the 

trend modelled by Pearce and Norry (1979) for the fractionation of basic rocks 

(plagioclase (50%) +clinopyroxene (30%) +olivine (20%), Trend #I) (Fig 5.5). The 

Isachsen Formation samples define slightly steeper trend than that calculated for the 

above assemblage, and no likely mineral phase can account for this steeper trend. The 

assimilation of upper crustal material provides a possible explanation for the steeper 

trend, and is a likely consequence of magma emplacement in the upper crust below the 

Sverdrup Basin. The average upper crustal concentration of Zr is 190 ppm, and of Nb 

is 25 ppm (Taylor and McLennan 1985). Mixing of material with this composition 
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and the Isachsen Formation basalts would result in a steepening of the trend expected 

for the fractionation of mineral assemblage #1 modelled by Pearce and Norry (1979) 

(Fig. 5.5). The timing of assimilation, if it did occur, is ambiguous. Assimilation may 

have occurred prior to fractionation and eruption, during emplacement of the magma 

into the upper crust, or throughout the fractionation and eruptive history of the magma. 

The fractionation trend modelled by Pearce and Norry (1979) for the same mineral 

assemblage (plagioclase (50%) + clinopyroxene (30%) +olivine (20%), Trend #1) in 

the plot log-Zr against log-Ti02 also resembles the trends for the Isachsen Formation 

samples (Fig. 5.6). Variations in the proportion of clinopyroxene fractionation, or the 

introduction of magnetite fractionation, could explain the separation between the two 

trends in the Isachsen Formation samples (Fig. 5.6). The lower Ti02 Bals Fiord trend 

could be explained by a higher proportion of clinopyroxene fractionation, or a small 

proportion of magnetite fractionation (mineral vectors, Fig. 5.6). 

A higher proportion of clinopyroxene fractionation in the Bals Fiord magma would 

explain the decrease in Ti02 concentration (Fig. 5.2), as well as the depletion of 

calcium, a major component of clinopyroxene (Fig. 5.3a). Clinopyroxene fractionation 

may also explain the overall lower concentrations of chromium (Fig. 5.4d), which 

partitions strongly to clinopyroxene, in the Bals Fiord samples. 

Fractionation of a small amount of magnetite would cause a significant depletion of 

titanium (mineral vector, Fig. 5.6). The effect of magnetite crystallization on other 

element concentrations, especially iron (Fig. 5.3c), would not be easily detected given 

the low proportion of magnetite crystallization required to cause a significant depletion 
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of Ti02• Magnetite crystallization occurs in response to a slight increase in oxygen 

fugacity, generally related to crystallization at higher crustal levels (McBimey 1984 ). 

The broad linear decrease in Al concentration for all Isachsen Formation samples 

(Fig. 5.3d), with no clear separation of two trends, suggests that the fractionation of 

plagioclase, the major Al-bearing mineral, is roughly equivalent in the two magmas. 

Two trends exist for sodium against zirconium, which may indicate crystallization of 

plagioclase with different compositions in each of the two magma sources. 
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Plagioclase composition responds to changes in both pressure and water content 

(McBimey 1984), but the significance of two trends in the Zr-Nb plot for the Isachsen 

samples is unclear. 

The Bjamasson Island samples, in most differentiation diagrams, plot at or near the 

intersection of the two trends in the Isachsen Formation samples. The exceptions are 

the trace metals Cr and Ni, which show significantly higher concentrations in the 

Bjamasson Island samples. Crystallization of clinopyroxene, or spinel, could explain 

this compositional gap between the Bjamasson Island samples and the other Isachsen 

Formation samples. Spinel fractionation would remove Cr and Ni in the ratio 2:1 

(Cox et al. 1979). Clinopyroxene crystallization would cause a decrease in Cr (Kd = 

l 0) and Ni (Kd = 2) in the ratio of approximately 10:2, consistent with the observed 

ratio of approximately 10:1 (Fig. 5 .4c,d). Clinopyroxene fractionation is the most 

likely explanation for the compositional difference between the Bjamasson Island 

samples and the other Isachsen Formation samples. 
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5.3.3 Summary 

An examination of differentiation trends in the Isachsen Formation data indicates 

that two magmas, with distinct evolutionary histories, contributed to this volcanic 

event, and that these two magmas shared a common parent with a composition similar 

to the Bjamasson Island basalts. This study shows that crystal-liquid fractionation can 

explain the evolution of the two compositionally distinct Isachsen Formation magmas 

from a common parental magma source. Assimilation may also affect the composition 

of these samples, but the effect cannot be quantified with the available data. 

Fractional crystallization of the mineral assemblage plagioclase (50%) + 

clinopyroxene (30%) + olivine (20%), as modelled by Pearce and Norry (1979), can 

explain the general differentiation trends for Nb and Ti02 against Zr. The cause of the 

two trends observed in the Zr-Ti02 plot could be: (i) an increase in clinopyroxene 

fractionation in the Bals Fiord magma, or (ii) the introduction of magnetite to the 

fractionation assemblage. 

The observed depletion of Ca and Cr in the Bals Fiord samples supports the 

hypothesis that variations in clinopyroxene crystallization are responsible for the 

development of two distinct fractionation trends from a common parent. Magnetite 

crystallization in the Bals Fiord magma is not evident in the differentiation diagram for 

iron, but the amount of magnetite required to cause the observed Ti02 depletion may 

not be sufficient to cause a significant depletion in iron. An increase in magnetite 

fractionation may indicate a higher oxygen fugacity, and therefore a higher crustal 

level for this magma. 
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The Bjamasson Island samples plot at the intersection of the two fractionation 

trends in the Zr-Ti02 plot, indicating that these samples may resemble the common 

parental composition of the Walker Island Member sources. The lower stratigraphic 

position of these samples (within the Paterson Island Member) may indicate eruption 

of an early magma, prior to its segregation at higher crustal levels. The differentiation 

diagrams for Ni and Cr, against Zr, suggest that clinopyroxene fractionation occurred 

prior to the separation of the two magmas which contributed to Walker Island Member 

volcanism. 



79 

CHAYfER 6: DISCUSSION AND CONCLUSIONS 

This study represents a significant contribution to the understanding of Isachsen 

Formation volcanism, through the addition of new stratigraphic, petrographic, and 

geochemical data from Bals Fiord and Bjamasson Island. Detailed stratigraphic data 

from Bals Fiord, the thickest, most complete Isachsen volcanogenic sequence 

available, contributes valuable information on the paleoenvironment and volcanology 

of the Walker Island Member volcanic episode. The combination of geochemical data 

from this study with previous data from Bunde Fiord (Williamson 1988, Hinds 1991 ), 

allows an evaluation of the petrogenetic history of Isachsen Formation volcanism. 

The Bjamasson Island volcanic sequence, on the north side of the island, contains 

the stratigraphically oldest, and compositionally most primitive basalts in the Isachsen 

Formation. This section lies within the uppermost Paterson Island Member (Embry 

and Osadetz 1988). The horizontal to sub-horizontal column development observed in 

the Bjamasson Island flows indicates ponding of the magma. The evidence for 

ponding magma, along with the laterally discontinuous nature of the flows (both 

within the section and across the island) indicates considerable topography in this 

location during early Isachsen Formation volcanism. Erosional incision or faulting, 

producing topographic relief, may explain, in part, the location of these units within 

the Paterson Island Member. The composition of the Bjamasson Island basalts reflects 

the composition of the common parent magma for the Walker Island Member volcanic 

sources, with the possible exception of some clinopyroxene fractionation between the 
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Paterson Island eruptive episode and the segregation of multiple sources for Walker 

Island Member volcanism. 

The Bals Fiord volcanogenic sequence contains deposits which contribute 

significant information to the understanding of the physical volcanology and 

paleoenvironment of Walker Island Member volcanism. These deposits include 

volcaniclastics, flows, and inter-flow sedimentary units. 

Volcaniclastic deposits of mixed pyroclastic and epiclastic affinity constitute the 

basal 169 m of the Bals Fiord section. The pyroclastic units (Units 2 and Sa) are 

proximal deposits, whereas the epiclastic units (Units 1, 3, 4, and 5b) represent 

deposits from a more distal volcanic source. 
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The pyroclastic deposits locally contain intact bombs, indicating deposition in very 

close proximity to an eruptive source. Locally high concentrations of interstitial sub­

angular quartz grains in the pyroclastic deposits may indicate minor reworking, 

emplacement into an area of active sand deposition, or hydrovolcanic activity. 

Volcanic clasts in the pyroclastic deposits also contain high concentrations of 

unresorbed, sub-angular quartz sand, indicating mixing of magma and unconsolidated 

sand immediately prior to eruption. A hydrovolcanic origin for the pyroclastics may 

explain both the interstitial and intraclast quartz concentrations. 

The overall crystallinity of volcanic clasts in the pyroclastic deposits increases from 

glassy, to microphenocryst-bearing within Unit 2, to nearly porphyritic and 

holocrystalline in Unit 5. The concentration of intraclast sub-angular quartz grains in 

the pyroclastic units decreases at higher stratigraphic levels. Both observations 
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indicate a maturing source for the pyroclastics through: (i) cooling and crystallization 

of the magma, and (ii) coating of the conduit through repeated eruption of material, 

isolating the magma from the unconsolidated material. 

Several epiclastic deposits occur in the volcaniclastic sequence, which indicates 

deposition in a low-lying area with active clastic deposition, consistent with deposition 

in a deltaic environment. The deposition of volcaniclastic material overwhelms sand 

deposition at this location, indicating relatively close proximity to the eruptive center 

producing the epiclastic debris. Pyroclastic activity in this area probably occurred on a 

much smaller scale, and did not build up significant topography to divert the epiclastic 

mass-flows. A common source for the epiclastic and pyroclastic material is possible, 

however, the presence of sandstone units in the volcaniclastic sequence makes the 

common source model improbable. 

The transition between volcaniclastics and basalt flow deposition at Bals Fiord is 

rapid. This indicates a change from explosive to quiescent volcanism in this region, 

again reflecting a maturing volcanic source, but in a more regional sense. The change 

is likely the result of devolatilization of the magma, and establishment of a stable 

eruptive system. 

The Bals Fiord section contains 11 thick (8-50 m) basalt flows, not including the 

thin, discontinuous units associated with the pyroclastic deposits (Units 2 and 8). 

Most flows contain evidence for subaerial emplacement, including: flow top 

development, chilled bases (and not tops), sand flame structures, or plant fragments at 

their base. Flow #4 lacks any of these flow features, and has an unusually fresh 
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appearance, suggesting a possible intrusive origin for this unit. The lack of 

subaqueous flow structures, and the nature of the interbedded sediments, support a 

subaerial emplacement model for the majority of flows in this section. 
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Analysis of the five thin sedimentary sequences preserved between flows in the 

Bals Fiord section provides important clues about the environment of deposition. Four 

of the sedimentary units display fluvial characteristics, and one contains a trace fossil 

assemblage indicative of high energy, shallow marine deposition. The combination of 

fluvial and shallow marine deposition in the Bals Fiord section supports the fluvial­

deltaic model for deposition of the Walker Island Member (Embry 198 5, 1991 ). 

Isachsen Formation volcanogenic deposits occur only on western Axel Heiberg 

Island, with the possible exception of one thin flow(?) on eastern Axel Heiberg Island 

(Embry and Osadetz 1988). The above discussion contains the details of the 

Bjarnasson Island and Bals Fiord sections. Two other Isachsen Formation 

volcanogenic sequences occur on western Axel Heiberg Island, one at Bunde Fiord, 

and another at Strand Fiord (Fig. 6.1 ). An 80 m thick volcanic breccia with a thin 

lahar deposit in its uppermost portion occurs in the Isachsen Formation at Strand Fiord 

(Ricketts 1985). The volcanic breccia displays characteristics indicative of epiclastic 

deposition, and lies above four flow units with interbedded Isachsen Formation 

sediments (G.K. Muecke pers comm) (Fig. 6.1). Three Isachsen Formation 

volcanogenic sections occur at Bunde Fiord. All three Bunde Fiord sections contain 

basalt flows with interbedded sediments, and the section at Camp Five Creek contains 

a 45 m thick epiclastic deposit near the top of the section (Hinds 1991) (Fig. 6.1 ). 
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Figure 6.1. Detailed location map showing the locations and rough stratigraphy for the Isachsen Formation 
volcanogenic sections from western Axel Heiberg Island. Possible edifice locations shown for the Walker 
Island Member volcanic event. 
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The thickness of the volcaniclastic sequence at Bals Fiord, its location below the 

main flow sequence, and the occurrence of interbedded pyroclastic deposits suggest 

this section is the closest to an eruptive center. The Bals Fiord section is the furthest 

west on Axel Heiberg Island (Fig. 6.1 ), and one unit in the sequence (Flow #5) 

contains evidence for eastward flow movement at this location, both of which suggest 

that the source for the Isachsen Formation volcanics lies just off the west coast of 

present-day Axel Heiberg Island (Fig. 6.1 ). The linear distribution of volcanic 

deposits along the west coast of Axel Heiberg, and paucity of Isachsen Formation 

volcanics in central and eastern Axel Heiberg Island suggests a possible linear 

distribution of eruptive centers, possibly fissure-related, off the west coast of Axel 

Heiberg Island. 

The linear trend for all Isachsen Formation samples in the Zr-Nb plot suggests a 

comagmatic origin for Isachsen Formation volcanics. The plot of titanium (wt% 

oxide) against zirconium shows two trends in the data set, each trend containing 

predominantly Bals Fiord or Bunde Fiord samples, with the Bjamasson Island samples 

falling near the intersection of the two trends. Several other element differentiation 

diagrams support the existence of two distinct populations of samples. Two fractional 

crystallization theories can explain the observed development of two compositionally 

distinct magmas from a common parent (i) crystallization of different proportions of 

clinopyroxene in the two magmas, or (ii) the addition of magnetite to the fractionating 

assemblage. The subtle nature of the differences in titanium concentration, and 
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evidence from other differentiation diagrams support changes in clinopyroxene 

crystallization in explaining the two distinct fractionation trends. 

The Bjamasson Island basalts are the most primitive Isachsen Formation samples, 

and plot near the intersection of the two fractionation trends for Walker Island 

Member basalts. Both of these observations, along with the lower stratigraphic 

location of the Bjamasson Island basalts, support the existence of an early Isachsen 

volcanic event, as proposed by Embry and Osadetz (1988). The compositionally 

primitive Bjamasson Island basalts may approximate the common parental magma 

composition for the multiple Walker Island Member volcanic sources. 
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PART 1: BAI.S FIORD BASALTS 

AX92-188 Flow #1: Tholeiitic Flow 

Texture: 
Hypocrystalline, seriate textured sample, intergranular patches in intersertal 

groundmass. Microcrystalline groundmass (0.1-1mm), with larger phenocrysts of 
plagioclase and clinopyroxene (1-4mm) locally defining porphyritic and 
glomeroporphyritic textures. 

Phenocrysts (10°/o): 

A2 

Plagioclase (70%): Sub- to euhedral crystals, with ubiquitous oscillatory zoning at 
the rims, and occasional inclusion-rich cores (opaques, clinopyroxene, and glass). 

Clinopyroxene (30%): Euhedral to anhedral crystals, locally containing fine­
grained inclusions of clinopyroxene and plagioclase. 

Olivine (rare): Iddingsite replaced pseudomorphs. 

Groundmass: 
Glass (15%): Mainly replaced by gel-palagonite with darker fibro-palagonite rims. 

Rare fresh glass (isotropic, pink in PPL) containing abundant crystallites. 
Plagioclase ( 45% ): Sub- to euhedral laths. 
Clinopyroxene (30%): Sub- to anhedral crystals, locally subophitic. 
Opaque (10%): Sub- to euhedral magnetite (cubic), and ilmenite (acicular). 
Olivine (rare): Only euhedral crystals recognisable, iddingsite replaced. 
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AX92-189 Flow #2: Tholeiitic/Olivine-Tholeiitic Flow 

Texture: 
Hypocrystalline, semi-seriate. texture overall, with gradation in grainsize. Larger 

phenocrysts (0.5-3mm) of plagioclase, clinopyroxene, and olivine define porphyritic 
and glomeroporphyritic textures in a fine-grained seriate groundmass. Largely 
intergranular groundmass, with a grain size range from 0.05-0.5mm, with local patches 
of intersertal texture. 

Phenocrysts (10%): 
Plagioclase (80%): Sub- to euhedral crystals, almost invariably zoned, containing 

microcrystalline clinopyroxene, plagioclase, and glass inclusions. Microcrystalline 
inclusions occur in the cores and parallel to zoning, and cryptocrystalline material fills 
microfractures in the crystals. 

Clinopyroxene (20% ): Largely anhedral crystals, locally subophitic growth around 
groundmass plagioclase laths. 

Olivine (Few %): Euhedral (partly resorbed) olivine crystals present in the 
phenocryst grainsize fraction (one skeletal crystal), Iddingsite replaced, with darker 
material defining typical olivine fracture patterns locally. 

Groundmass: 
Glass (5% overall, locally up to 20%): Invariably replaced by palagonite, higher 

concentrations of glass occur as patches throughout the thin section. 
Plagioclase (45%): Occurs as sub- to euhedral laths. 
Clinopyroxene ( 40% ): Largely fine-grained, sub- to anhedral crystals, filling 

interstices between, and surrounding plagioclase laths in groundmass. 
Opaque (5%): Sub- to euhedral magnetite (cubic) and ilmenite (acicular). 
Olivine (5%): Euhedral, iddingsite pseudomorphs (partially resorbed boundaries). 

Notes: 
One vesicle observed, slightly elongate and palagonite-filled. 
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AX92-192 Flow #4: Tholeiitic Flow/Sill (?) 

Texture: 
Hypocrystalline seriate-textured sample has a fresher appearance, and overall 

increase in grainsize relative to other samples. Only one cluster of unusually large 
plagioclase phenocrysts (1.5-4mm) observed, defining rare glomeroporphyritic texture 
development. lntergranular and intersertal textures observed throughout groundmass 
( 0. 0 5-1. 5mm ). 

Phenocrysts ( 5 °/o): 
Plagioclase (1 00%): All crystals in the largest grain size range are plagioclase, 

many laths only reaching this size range in their greatest dimension. Zoning 
ubiquitous in all grainsizes of plagioclase, and microcrystalline inclusions of 
plagioclase, clinopyroxene, opaque, and glass are common in cores and parallel to 
zoning. 

Groundmass: 
Glass (20% ): Largely fresh (isotropic, pink in PPL) glass with ubiquitous 

crystallite development. Patchy, localized chlorite and palagonite replacement (few % 
replaced). 

Plagioclase (35%): Sub- to euhedral crystallization as laths, common zoning and 
inclusions (as described above). 

Clinopyroxene (25%): Sub- to anhedral crystallization, largely as finer-grained 
groundmass material, but locally large crystals observed (up to lmm). 

Opaque (10%): Sub- to euhedral crystals of magnetite (cubic) and ilmenite 
(acicular). 

Olivine (5-10%): Sub- to euhedral pseudomorphs observed with iddingsite and 
chlorite replacement. 

Notes: 
This sample shows several unique features, including: limited alteration of 

interstitial glass, much larger overall grainsize, local replacement of glass and 
olivine(?) by chlorite. These features suggest a possible intrusive origin for this unit. 
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AX92-195 Flow #5: Tholeiitic Flow 

Texture: 
Seriate-textured hypocrystalline groundmass, with slight porphyritic and 

glomeroporphyritic development in the phenocryst phase (l-4mm). The groundmass 
(0.1-1 mm) displays intersertal and intergranular development. 

Phenoc.rysts (5o/o): 
Plagioclase (80%): Sub- to euhedral crystals commonly display good zoning, and 

locally inclusion-rich cores and rims (microcrystalline clinopyroxene). 
Clinopyroxene (20%): Sub- to anhedral crystal development. 
Olivine (Rare): Sub- to euhedral pseudomorphs with iddingsite replacement. 

Groundmass: 
Glass (20%): Glass occurs both as fresh glass with common crystallite 

development (isotropic, pink in PPL), and palagonite replaced. Approximately 50/50 
split between fresh and altered glass. Glass occurs as fresh or altered patches 
throughout the slide. 

Plagioclase (40%): Sub- to euhedral lath crystallization, zoning common, 
recognizable in larger crystals, and inclusion rich rims (microcrystalline 
clinopyroxene). 

Clinopyroxene (30%): Sub- to anhedral crystallization, largely as finer-grained 
interstitial material. 

Opaque (10%): Sub- to euhedral development of magnetite (cubic) and ilmenite 
(acicular). Ilmenite locally skeletal in patches of fresh glass. 

Olivine (Few %): Sub- to euhedral where identified, iddingsite replacement. 

Notes: 
A single detrital quartz grain observed (1.2mm diameter), resorbed grain boundaries 

rimmed by dark (PPL) glass, and surrounded by a 0.3mm-thick rim of equigranular 
clinopyroxene. This extreme alteration illustrates the silica undersaturated nature of 
this melt. 
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AX92-196 Flow #6: Tholeiitic Flow 

Texture: 
Nearly holocrystalline sample displaying semi-seriate texture, with a distinctly 

larger phenocryst phase (1-4 mm plagioclase and clinopyroxene) defining porphyritic 
to glomeroporphyritic textures. The groundmass is largely intergranular, with patchy 
intersertal development. Groundmass grainsize range from 0.05-0.5mm, with a few 
crystals in 0.5-1mm size range defining the semi-seriate texture. 

Phenocrysts (15°/o): 
Plagioclase (60%): Sub- to euhedral development of crystals which commonly 

display zoning, and microcrystalline inclusions (clinopyroxene, opaque, and glass) in 
cores and parallel to zoning, especially in rims. 

Clinopyroxene (40%): Sub- to anhedral crystals, commonly display zoning. 

Groundmass: 
Glass (Few %): Patchy occurrence, pervasive palagonite replacement (locally gel­

to fibro-palagonite zonation from core to rim). 
Plagioclase (45%): Sub- to euhedral laths, commonly zoned and containing 

inclusions (as described for phenocryst phase). 
Clinopyroxene (45%): Sub- to anhedral crystals, occurs largely as finer-grained 

interstitial material between plagioclase laths. 
Opaque (10%): Sub- to euhedral crystals of magnetite (cubic). 
Olivine (Rare): One cluster of olivine crystals found, a few others throughout 

groundmass, all iddingsite-replaced. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A7 

AX92-197 Flow #7: Olivine-Tholeiitic Flow 

Texture: 
Hypocrystalline sample with glomeroporphyritic and porphyritic textures developed 

with larger plagioclase and clinopyroxene phenocrysts (1-4mm). Seriate, intergranular, 
and intersertal textures developed in the microcrystalline groundmass (0.01-0.5mm). 

Phenoccysts (15%)): 
Plagioclase (80%): Subhedral to euhedral crystals, commonly zoned, with common 

cryptocrystalline inclusion patches, both blebby and fracture controlled occurrences. 
Clinopyroxene (20%): Subhedral to anhedral crystals developed. 
Olivine (Rare): A few large crystals observed, iddingsite replaced. 

Groundmass: 
Glass (1 0% ): Pervasive palagonite replacement of interstitial glass with euhedral 

plagioclase and opaque inclusions. 
Plagioclase (45%): Sub- to euhedrallaths, zoning and inclusions common. 
Clinopyroxene (30%): Sub- to anhedral, largely fine-grained interstitial material. 
Opaque (15%): Sub- to euhedral, fine-grained intergranular and interstitial (as 

inclusions in glass) crystals. 
Olivine (Few%): Scattered groundmass-size, sub- to euhedral olivine crystals 

observed, altered to iddingsite. 
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AX92-198 Flow #8: Olivine-Tholeiitic Flow 

Texture: 
Glomeroporphyritic texture developed with large clusters of plagioclase +/­

clinopyroxene +/- olivine crystals (1-6 mm), set in a finer-grained semi-seriate 
groundmass. Hypocrystalline, overall coarser-grained (relative to other samples) 
crystal development. Largely intersertal groundmass (0.1-0.5mm) but local clusters of 
clinopyroxene and plagioclase develop intergranular textures. 

Phenocrysts (15o/o): 
Plagioclase (60%): Sub- to euhedral crystals, commonly zoned, locally ·contain 

inclusions of fine-grained plagioclase and glass in cores and parallel to zoning. 
Clinopyroxene (30%): Euhedral to anhedral crystals developed, normally in 

clusters. 
Olivine (10%): Sub- to euhedral olivine crystals observed in the phenocryst 

grainsize range, resorbed to variable degrees, observed within and outside clusters. 

Groundmass: 
Glass (25% ): Mainly opaque, presumably by cryptocrystalline opaque crystal 

development, with crystallites locally visible. Glass locally shows complete palagonite 
replacement (gel- to fibro-palagonite replacement core to rim). Other glass patches 
show partial palagonite replacement. 

Plagioclase (30%): Sub- to euhedral laths, commonly display faint zoning. 
Clinopyroxene (30%): Sub- to anhedral, largely finer-grained groundmass material 

in the interstices between plagioclase laths. 
Opaque (10%): Occurs almost invariably as inclusions in the interstitial glass, 

ilmenite (acicular) where distinguishable. 
Olivine (5%): Subhedral olivine crystals, with resorbed grain boundaries 

recognizable in the groundmass size fraction, altered to iddingsite. 
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AX92-199 Flow #9 (base): Olivine-Tholeiitic Flow 

Texture: 
Porphyritic and glomeroporphyritic textures developed with large phenocrysts (0.4-

2mm) set in a finer-grained seriate groundmass. Hypocrystalline, largely intergranular 
microcrystalline groundmass (0.03-0.4mm), with spotty interstitial glass. 

Phenocrysts (15°/o): 
Plagioclase (60%): Sub- to euhedral laths, commonly zoned, locally inclusion-rich 

cores and rims (glass/palagonite and clinopyroxene). 
Clinopyroxene (30%): Sub- to euhedral crystals, commonly faintly zoned, and 

inclusion-rich throughout (glass and fine-grained plagioclase). 
Olivine (10%): Sub- to euhedral, locally partially resorbed, and pervasively altered 

to iddingsite (rims and fractures) and carbonate (cores). 

Groundmass: 
Glass ( 15% ): High concentration in groundmass apparent at high power much 

more pervasive in the groundmass. Occurs as fresh glass (isotropic, pink in PPL) with 
crystallites common, and palagonite replaced. 

Plagioclase (40%): Sub- to euhedral laths with common fine-grained glass 
inclusions. 

Clinopyroxene ( 40%): Largely anhedral, very fine-grained ( 0. 03-0.1 mm) crystal 
development in the interstices of plagioclase laths. 

Opaque (5-10%): Sub- to euhedral magnetite (cubic) +/- ilmenite (acicular) with 
rare plagioclase and clinopyroxene inclusions. 

Olivine (Few%): Some groundmass-sized olivine crystals observed, sub- to 
euhedral, and iddingsite-replaced. 

Notes: 
A few round amygdules observed, range from 0.3-2mm, palagonite-replaced (dark 

fibro-palagonite rims, lighter gel-palagonite cores). 
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AX92-200 Flow #9 (upper): Olivine-Tholeiitic Flow 

Texture: 
Overall seriate texture, with large range of grainsizes (0.02-0.5 mm) in groundmass. 

Clusters defining glomeroporphyritic texture consist of both fine-grained and very 
large crystals (0.5-1.5 mm), porphyritic texture largely defined by single, large 
plagioclase phenocrysts. Hypocrystalline sample with intergranular and intersertal 
textures developed in the groundmass. 

Phenocrysts (15o/o): 
Plagioclase (55%): Largely euhedral laths developed in all grainsizes, commonly 

zoned, and normally contain scattered inclusions of clinopyroxene and glass, parallel to 
zontng. 

Clinopyroxene (40%): Euhedral to subhedral crystal development with rare faint 
zoning and common inclusions (glass and/or plagioclase) throughout crystals. 

Olivine (5°/o): Sub- to euhedral crystals observed, pervasive iddingsite replacement, 
with rare carbonate inclusions. 

Groundmass: 
Glass (1 0%): Palagonite-replaced and fresh (isotropic, dark grey in PPL). 
Plagioclase (40%): Sub- to euhedrallaths, commonly zoned and containing 

scattered glass and fine-grained clinopyroxene inclusions. 
Clinopyroxene (40%): Sub- to anhedral crystals, largely in the finer grainsize 

range, as interstitial material to groundmass plagioclase laths. 
Opaque (10%): Euhedral to anhedral crystals of magnetite (cubic) and possible 

ilmenite (acicular), with fine-grained plagioclase and clinopyroxene inclusions. 
Olivine (Few %): Scattered subhedral, iddingsite-replaced olivine crystals observed 

in groundmass grainsize fraction. 
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AX92-201 Flow #10: Tholeiitic/Olivine-Tholeiitic Flow 

Texture: 
Overall seriate-textured sample, with larger crystals of plagioclase, clinopyroxene, 

and olivine (0.5-2 mm) locally producing porphyritic and glomeroporphyritic textures. 
Hypocrystalline, mainly intersertal groundmass texture, with local clusters of 
intergranular plagioclase and clinopyroxene. 

Phenocrysts (15%.): 
Plagioclase (55%): Sub- to euhedral laths with common zoning, and locally 

inclusion-rich (clinopyroxene and glass inclusions at rims). 
Clinopyroxene (40%): Sub- to anhedral crystals, inclusion-rich with opaques and 

fine-grained plagioclase. 
Olivine (5%): Sub- to euhedral crystals, mainly iddingsite-replaced, with carbonate 

locally at the cores. 

Groundmass: 
Glass (15%): Mainly opaque, very difficult to distinguish between opaque minerals 

and glass material, locally orange hue indicates partial palagonite replacement. Local 
patches of complete alteration with gel-palagonite cores, and fibro-palagonite rims. 

Plagioclase ( 40o/o): Sub- to euhedral laths, locally zoning recognised, inclusions 
common. 

Clinopyroxene (35%): Sub- to anhedral crystallization, largely in the finer 
gra1ns1ze range. 

Opaque (10%): Magnetite (cubic) and ilmenite (acicular) crystallization as 
intergranular fill between plagioclase laths, or as inclusions in interstitial glass. 

Olivine (Few %): Scattered olivine crystals observed in groundmass size fraction, 
i ddingsi te-rep 1 aced. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS Al2 

AX92-176 Flow #11: Tholeiitic Flow 

Texture: 
Semi-seriate texture, with continuous grainsize range for plagioclase. Recognisable 

phenocryst phase above 0.5mm, defining porphyritic and glomeroporphyritic texture 
over a largely fine-grained clinopyroxene groundmass. Nearly holocrystalline, 
intergranular groundmass with grainsize range 0.02-0.Smm (mainly 0.02-0.15). 

Phenocrysts (10o/o): 
Plagioclase (60%): Sub- to euhedral crystals, commonly zoned, and fine-grained 

clinopyroxene inclusions common at rims, parallel to zoning. 
Clinopyroxene (40%): Sub- to anhedral crystals with scattered fine-grained 

clinopyroxene and opaque inclusions. 
Olivine (Rare): A few subhedral olivine crystals observed, carbonate-replaced. 

Groundmass: 
Glass (Few%): Spotty occurrence of palagonite- and carbonate-replaced glass, rare 

spots of fresh glass (isotropic, pink in PPL ). 
Plagioclase (50%): Sub- to euhedral laths of variable grainsize defining seriate 

texture, locally zoned, and with common inclusions (glass, opaque, and possible 
clinopyroxene). 

Clinopyroxene (40%): Largely anhedral development, composing finer-grained 
fraction in groundmass, interstitial to plagioclase laths. 

Opaque (10%): Sub- to euhedral magnetite (cubic) with larger grainsize than 
groundmass clinopyroxene. 

Note: 
AX92-177 is a sample from the base of the same flow, displaying a similar texture 

and mineralogy, but is strongly and pervasively carbonate altered with plagioclase as 
the only remaining original mineral. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS Al3 

AX92-202 Tholeiitic Dyke Cutting Lower Two Volcaniclastic Units 

Texture: 
Hypocrystalline, aphyric, seriate-textured sample. Largely intersertal texture 

observed in groundmass, with a high proportion of palagonite-replaced glass present. 

Groundmass: 
Glass (25% ): Glass, partially palagonite-replaced, contains abundant inclusions of 

opaques and plagioclase, and common crystallites. 
Plagioclase (30%): Sub- to euhedral laths, faintly zoned, and commonly inclusion­

rich at cores and rims (clinopyroxene, opaque, and glass). 
Clinopyroxene (30%): Sub- to anhedral crystal development, locally subophitic. 
Opaque (15%): Sub- to euhedral crystals, commonly within, or surrounding 

interstitial glass, both magnetite (cubic) and ilmenite (acicular) observed. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A14 

AX92-205 Mafic Flow/Sill (?) in Basal Volcaniclastic Sequence 

Texture: 
Porphyritic and glomeroporphyritic textures developed with phenocrysts of 

clinopyroxene, plagioclase and possible olivine (carbonate replacement) (0.2-lmm), set 
in a near-cryptocrystalline, hypocrystalline groundmass of plagioclase, pyroxene, 
opaques, and glass. A few resorbed detrital quartz grains (with clinopyroxene halos), 
and a few sub-rounded igneous xenoliths occur as inclusions. 

Phenocrysts (5°/o) 
Plagioclase (50%): Euhedral laths, occur as carbonate-replaced pseudomorphs only. 
Clinopyroxene ( 40%): Sub- to euhedral crystals, both fresh and carbonate-altered 

examples, commonly form glomeroporphyritic clusters with plagioclase. 
Olivine (10%?): Possible olivine pseudomorphs with subhedral grainshapes as the 

result of resorption, altered to an iddingsite + quartz +/- carbonate assemblage. 
Possibly much higher percentage of sample, but difficult to identify unequivocally. 

Groundmass: 
Glass (25%): Interstitial glass replaced by palagonite and carbonate (?). 
Plagioclase (15%): Sub- to anhedral crystallization, some lath-like forms, positive 

identification difficult. 
Clinopyroxene (30%): Near-cryptocrystalline development, difficult to identify 

unequivocally. 
Opaque (30%): Sub- to euhedral crystallization, largely magnetite (cubic), but 

ilmenite (acicular) locally observed. 

Notes: 
Mafic igneous xenoliths (up to 8 mm, truncated by edge of slide) include one 

highly amygdaloidal sample, one holocrystalline, seriate-textured samples, and others 
texturally similar to groundmass. Detrital quartz grains up to 1 mm are partially 
resorbed and have rims of fine-grained clinopyroxene. 

PART 2: BJARNASSON ISLAND BASALTS 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A15 

AX92-215 Olivine-Tholeiitic Sill 

Texture: 
Hypocrystalline seriate texture with largely intergranular, locally intersertal textures 

in the groundmass (0.1-1 mm). Phenocrysts (1-3 mm) occur alone and in clusters 
defining porphyritic to glomeroporphyritic textural overprint. 

Phenocrysts (lOo/o): 
Plagioclase (80%): Sub- to euhedral crystals commonly display oscillatory zoning 

and opaque inclusions parallel to zoning and twin planes. Local inclusion 
concentrations in cores. 

Olivine (20%): Euhedral to subhedral crystals, invariably and pervasively altered 
to i ddingsi te +I- carbonate. 

Clinopyroxene (rare): Sub- to anhedral crystals with common fine-grained glass(?) 
inclusions. 

Groundmass: 
Glass (15%): Both fresh (isotropic, pink in PPL) cryptocrystalline material with 

opaque and plagioclase crystallites, and palagonite- or carbonate-replaced material. 
Plagioclase (35%): Euhedral to subhedrallaths. 
Clinopyroxene (30%): Sub- to anhedral crystallization in interstices of plagioclase 

laths, local subophitic development. 
Opaque (10%): Mainly magnetite (equant) with rare ilmenite (acicular). 
Olivine (10%): Sub- to euhedral crystals invariably altered to iddingsite +/­

carbonate. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS Al6 

AX92-216 Olivine-Tholeiitic Flow 

Texture: 
Glomeroporphyritic to porphyritic development with plagioclase, olivine, and rare 

clinopyroxene phenocrysts (0.1-1.5 mm). Near holocrystalline, fine-grained 
groundmass (0.01-0.1 mm) with rare glass-rich pockets. 

Phenocrysts (15°/o): 
Plagioclase (80%): Sub- to euhedral crystals, local weak oscillatory zoning and 

opaque inclusions parallel to zoning and twin planes. 
Olivine (20%): Euhedral to subhedral crystals, invariably and pervasively altered 

to iddingsite + carbonate. 
Clinopyroxene (rare): Sub- to anhedral crystals. 

Groundmass: 
Glass (rare): Few percent only, palagonite-replaced. 
Plagioclase (30%): Euhedral to subhedral laths. 
Clinopyroxene (55%): Very fine-grained, subhedral equant crystals. 
Opaque (10%): Euhedral magnetite (equant). 
Olivine (5%): Sub- to euhedral crystals invariably iddingsite-replaced. 

Notes: 
Abundant quartz inclusions (up to 5% of groundmass) showing varying degrees of 

resorption from complete replacement by clinopyroxene, to partial replacement with 
fine clinopyroxene halos. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A17 

AX92-217 Olivine-Tholeiitic Flow 

Texture: 
Porphyritic to glomeroporphyritic texture, with 0.15-3 mm phenocrysts in a near­

holocrystalline, microcrystalline groundmass (0.0 1-0.15 mm). Contains sub-rounded 
seriate-textured xenoliths. 

Phenoccysts (lOo/o): 
Plagioclase (70%): Euhedral to subhedral crystals, commonly display oscillatory 

zoning. Rare glass and opaque inclusions. 
Olivine (30%): Euhedral to subhedral crystals with a wide range in grainsize, 

invariably and pervasively altered to iddingsite +/- carbonate. 
Clinopyroxene (rare): Anhedral crystals, locally appear resorbed, and possibly 

xenocrysts. 

Groundmass: 
Glass (rare): A few percent of groundmass, occurs as patches of isotropic (pink in 

PPL) material with opaque and plagioclase (?) crystallites. 
Plagioclase (30%): Euhedral to subhedral laths. 
Clinopyroxene (65%): Sub- to anhedral, very fine-grained, equant crystals. 
Opaque (5%): Largely euhedral, possibly magnetite. 
Olivine (rare): Rare groundmass olivine, iddingsite-replaced. 

Notes: 
Few% quartz inclusions in groundmass, clinopyroxene rims or complete 

recrystallization, as noted in previous sample. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A18 

AX92-218 Olivine-Tholeiitic Flow 

Texture: 
Porphyritic, locally glomeroporphyritic texture defined by phenocrysts (0.1-2 mm) 

in a holocrystalline, microcrystalline (0.01-0.1 mm) groundmass. 

Phenocrysts (15°/o): 
Plagioclase (80%): Sub- to euhedrallaths, intensely altered to fibrous chlorite (?) 

with varying proportions of original crystal preserved as fragments. 
Olivine (20%): Euhedral to subhedral crystals, invariably and pervasively altered 

to iddingsite + carbonate. 
Clinopyroxene (rare): Locally resorbed, possibly xenocrysts. 

Groundmass: 
Glass (rare): Rare pink, isotropic and palagonite-replaced glass, normally 

associated with quartz grain inclusions. 
Plagioclase (25%): Subhedral laths. 
Clinopyroxene (65%): Very fine-grained, subhedral, equant crystallization. 
Opaque (10%): Very fine-grained magnetite (?) (equant). 
Olivine (rare): Some possible olivine in groundmass. 

Notes: 
Approximately 5% phenocryst-sized quartz inclusions, again displaying varying 

degrees of resorption and clinopyroxene crystallization. Fresh and palagonite-replaced 
glass between quartz grain and clinopyroxene rim. 

Common subangular, seriate-textured xenoliths. 
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