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Glacial deposits of the northern region
adiacent to Petuniabukta.in the light
of mineralogical and chemical studies.
central Spitsbergen

ABSTRACT: Mineralogical and chemical analysis of the glacial deposits of the
Petuniabukta region, laid down due to glacial advances occurring from the Billefjorden
Stage to the Little Ice Age has been made. The deposits have substantial carbonate
contents which, however, vary depending on rock types of which the bedrock is built
up. The calcium ion is the main component of the sorption complex of the deposits
under investigation. A proportion of other ions, including magnesium, sodium and
potassium. is markedly lower. An increase in the magnesium. sodium and potassium
ion contents of the sorption complex with age and a concurrent decline in calcium
ions have been reported from glacial tills. The illite clay minerals prevail in glacial
deposits occurring around Petuniabukta. Apart from them, there are large quantities
of the chlorite and kaolinite clay minerals. The glacial deposits of Spitsbergen remain
markedly richer in the chlorite group than glacial tills of Poland. Simultaneously, they
contain markedly smaller amounts of minerals of the smectite group and illite/smectite
mixed-layer minerals. This is due to a fainter effect of the weathering processes on
the glacial deposits of Spitsbergen, compared with the glacial tills of Poland.

Key words: Arctic, Spitsbergen, glaciology, geochemistry.

Introduction

The main thrust of research has been directed towards glacial deposits
derived from the Petuniabukta region in central Spitsbergen. This area
underwent multiple modifications by several glacier advances, land uplift
and the action of sea (Boulton 1979, Klysz, Lindner, Marks and Wyso-
kinski 1988, Salvigsen 1984, Salvigsen 1979, Stankowski 1988).

Samples subjected to analysis were taken by the members of the expe-
dition Spitsbergen ’84 organized by the Quaternary Research Institute of
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Table 1
Scheme of sample stratigraphy
Age Type Location Lab. No.
glacial till Ebbabreen 8
Little Toe Age in sta'tu. nascendi Ragnarbreen 19
(morainic mud) Bertrambreen 20
glacial till Horbyebreen 21
Land uplift, accumulative
and abrasive sea action,
gravitational processes
the foot of
Lévehovden 3
Glacier advances i o Ragnardalen 6
ca. 6.500 years BP glacidl. v Ragnardalen 7
Ragnardalen 17
Ragnardalen 18
; bg s Ragnardalen 4
upper series lacial
PP ! slacal ol Horbyedalen 14
glacio-aqueous ..
: ; Horbyedalen 10
middle series gi(letios“ i tnses) Horbyedalen 11
:""P clays Horbyedalen 15
77
§ Ragnardalen 1
:O_; lower series }}lagx;ardalen
2 major advance glacial till ke foot f
= Lévehovden 2
Horbyedalen 16
Horbyedalen 9
initial part clay Horbyedalen 12
glacial till Horbyedalen 13

the Adam Mickiewicz University. Characteristics of deposits, sampling sites
and their stratigraphic positions are presented in Table 1 based on Stan-
kowski’s study (Stankowski et al., this volume).

In the studies the emphasis was on glacial and glacio-aqueous deposits,
as well as aqueous sediments occurring as clays laid down during the glacial
advance called Billefjorden Stage. It took place at about 35.000—40.000
years BP. This time interval has been demonstrated in the Petuniabukta region
in a distinct series of glacial tills (the lower series — the master horizon:
samples 1, 2, 9, 16) and a thin series of glacial tills (the upper series: samples
4 and 14). The intervening series relating to the Billefjorden Stage is composed
of glacio-aqueous sediments (sample 10), silts (sample 11) and varved clays



Glacial deposits 305

(sample 15). The earliest deposits related to the initial part of the Billefjorden
Stage comprise glacial tills (sample 13) and clays deposited in stagnant water
(sample 12).

Attention has also been given to glacial tills resulting from the glacier
advance of about 6.500 years BP (samples 3, 6, 7, 17, 18), glacial tills dated
to the Little Ice Age (sample 21) and- sediments being melted out nowadays
(samples 8, 19, 20).

The input material for the deposits under investigation was largely
provided by the Upper Paleozoic (Carboniferous and Permian) sedimentary
rocks and those of Devonian and pre-Devonian age. Crystalline rocks re-
maining in the study area as linear trains of firm rocks had a certain
effect as well. The major characteristic of bedrock lithology is a large
proportion of carbonate rocks (Gayer et al. 1966, Harland et al. 1974,
Hjelle et al. 1982, Ohta 1982).

Results

Particle-size distribution

The glacial deposits of the Petuniabukta region mostly consist of fine
particles (Tab. 2). The fraction of 0.102—0.002 mm prevails. Figure 1
illustrates simplified characteristics of the deposits. Particularly significant
is relatively high homogeneity of samples in respect of the particle-size
distribution. Apart from silts and clays (samples 11, 12, 15), only glacial
till samples 9 and 18 are dominated by the silt-sized fraction smaller than
0.1 mm.

Sorption complex

The analysis of the sorption complex involved removing replaceable
cations by the use of ammonium chloride (Tab. 2). The calcium ion is
the main component of the sorption complex of the glacial deposits under
investigation. Its values range from 16.5 to 37.00 mv 100 'g ', resulting
in the mean of 26.1. This ion represents 85.2 to 94.0 per cent of the whole
sorption complex with the average of 91 per cent.

The proportions of other ions, ie. magnesium, sodium and potassium,
are markedly lower. The sodium and potassium ions occur in similar amounts.
The ratio between them approaches 1. On the average, the potassium and
sodium ions account for 3.8 and 3.7 per cent, respectively, of the sorption
complex. The magnesium ion contents remain lowest, ranging from 0.2 to
0.9 mv100 'g '. These ions make up 1.7 per cent of the sorption complex,
on the average.
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Fig. 1. Particle-size distributions of the glacial deposits of Petuniabukta

There are certain slight variations in the sorption complex, depending
on sediment types.

In clayey deposits the calcium ion contents of the sorption complex are
somewhat lower, while magnesium, sodium and potassium ions occur in
larger amounts.

Within glacial tills the magnesium, sodium and potassium ion contents
of the sorption complex increase with age, whereas there is a decline in
calcium ions. A similar tendency has been observed in Poland’s glacial tills
of different ages (Stankowska and Walna 1989).

In general, however, all deposits represent the identical sorption complex
type. Its composition is characteristic of deposits accumulating in freshwater
(Vu Ngoc-Ky, Szczepanska and Szczepanski 1981). This inference is of major
palaeogeographical significance for the morphogenesis of the study area.

Carbonates

The, glacial deposits of Petuniabukta contain 7 to 50 per cent of carbo-
nates (Tab. 3). In general, their carbonate contents are high. In 29 per cent
of samples the carbonate contents are over 30 per cent, in 14 per cent.
of samples they range from 20 to 30 per cent, in 43 per cent of samples
they are 10 to 20 per cent and only in 14 per cent of samples these
contents are up to 10 per cent. The carbonate contents of tills of the Petunia-
bukta region are higher, compared with figures available for the glacial de-
posits of south Spitsbergen (Choinski, Stankowska and Stankowski in press).
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Fig. 2. Derivatograms of the glacial deposits of Petuniabukta. Natural samples. DTG: 1/5,
DTA: 1/10, TG: 200 mg

Variations in the carbonate contents are related to the sampling site and
thus, they depend on rock types of which the bedrock is built up. Therefore,
glacial deposits sampled from the foreland of Horbyebreen contain large
carbonate amounts of the order of over 20 per cent, regardless of their
stratigraphic variation and facies variability except for sample 21 which is
not so rich in carbonates as it contains only 6.6 per cent of them.

The thermal analysis of deposits has shown a distinct two-phase endother-
mic response at the temperature range of 700—1000°C. It indicates that
the carbonate minerals are dolomites (Fig. 2). A two-phase response is less
marked in the glacial tills sampled from Horbyebreen (no. 21).

The analysis of derivatograms of crude samples allows estimation of
the carbonate contents of the deposits and comparison of the results with
gasometric data on the Scheibler unit. Thermal curves TG and DTG are in
accord with the gasometric data for samples with the carbonate contents of
below 30 per cent. At higher carbonate contents the thermal analysis provides
higher figures than the Scheibler method. Table 3 gives a list of the gaso-
metric data.

Clay minerals

The nature of clay minerals was determined by a few analytical tech-
niques, including cation-sorption capacity determination, the thermal analysis
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and X-ray examination (Stankowska 1981). The study was made of the
fraction smaller than 0.002 mm in which the clay minerals are incorporated.
Crude powder samples, glycerine- and glycol-saturated samples, as well as
those heated at the temperature of 550°C and treated hot with 2n hydro-
chloric acid were subjected to the X-ray examination. The proportions of clay
minerals were determined by analysing the ratio between integral intensities
of basic lines 001, the ratio between basic line intensities for pure minerals
being taken into account. —

Due to the complex mineral composition of the samples guantities of
particular clay mineral groups cannot be determined. The quality of the clay
mineral components has been assessed, as well as it has been determined
which of the minerals prevails in a given deposit. The order of occurrence
of other clay minerals has been established according to their proportions.

The thermal analysis of natural samples has been carried out (Fig. 2).
The thermal curves indicate the predominance of silicates and carbonates in
the deposit under investigation. A distinctive characteristic of the till sample
in statu nascendi from the Ebbabreen terminus (no. 8) is an additional
exothermic response at the temperature range of 250—580°C.

The analysis of loss of hydroxyls, ie. the second endothermic response
at the temperature range of 400—700°C, in crude samples belonging to
the fraction smaller than 0.002 mm is a procedure for determining the amount
of clay minerals present in the deposit under investigation (Wyrwicki 1988).
This information is of significance for further determination of the compo-
sition of clay minerals occurring in the deposit.

In the glacial deposits of Petuniabukta the amounts of clay minerals
range from 40 to 60 per cent with the average of 50 per cent. Only in the
case of two samples, one from the middle series glacio-aqueous deposits
associated with the Billefjorden Stage (no. 10) and the other from the lower
series glacial till relating to the Billefjorden Stage (no. 16), these amounts
are considerably smaller as they approximate 20 per cent. Also carbonates
occur in large amounts in these samples. They account for 43 and 51 per cent
of them, respectively.

Information on clay mineral identification, sorption capacities, the thermal
and X-ray analysis results is given in Table 3. Figures 3 and 4 show selected
examples of derivatograms and X-ray diffractograms of the fraction smaller
than 0.002 mm. Any details of the determination of the nature of clay
minerals are given below.

Cation-sorption capacity in the glacial deposits of Petuniabukta ranges
from 31 to 50 mv100 'g ' with the average of 44. There are certain varia-
tions in sorption capacity, depending on the sediment type under investigation.
Thus, clays possess the highest sorption capacities (66 mv100 'g ! on the
average), glacial tills have the average sorption capacity of 48 mv100 !g !
and the capacities average 42 mv100 'g ! in glacial tills in statu nascendi.
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Carbonates and clay minerals occurring

B
=k
5L
2]
Age Type Lab. No. 2 o §
g NS g .
- e >
& Ui
glacial till g 245 4000
Little Ice Age in statu nascendi 19 10,5 4150
20 17.3 45.00
glacial till 21 6.6 31.50
3 144 48.00
Glacier advances lacial till 6 64 682
ca. 6.500 years BP glacial ti 7 149 67.50
17 13.1 50.00
18 17.3 50.00
. six 4 9.2 43.50
upper series glacial till 14 278 42.50
mixtures 10 426 41.75
g, middle series silts 11 34.6 70.00
= clays 15 212 57.50
w2
_qg 1 150 45.50
= 5 2 44.50
‘T lower series ' glacial till 2 17.8 45.00
= 16 51.2 4275
9 39.6 42.50
initial part clay 12 423 62.50
glacial till 13 34.8 43.25

Within the glacial tills sorption capacities tend to increase slightly with
deposit age. :

Sorption capacities of the glacial deposits of Petuniabukta are higher than
those of similar deposits of south Spitsbergen. The mean sorption capacity
of the latter deposits is 25 mv100 'g ! (Choinski, Stankowska and Stan-
kowski in press).

I'he thermal analysis shows two endothermic responses with a maximum
at the temperature ranges of 140 to 160°C and 590 to 600°C in combination
with step-by-step loss of the mass. The latter lost by heating to the tempe-
rature of 1000°C averages 11.8 per cent (from 10.2 to 13.8 per cent).
Out of this, 45 per cent, on the average, are due to the first response (33—35
per cent). The ratio of intensity of the first endothermic response to that
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Table 3
in the glacial deposits of Petuniabukta

Fraction smaller than 0.002 mm ’
Clay minerals

Thermal analysis X-ray analysis S
I: illite
Loos of mass Powder sample NG disictite
TG TG TG TG |Line intensity % Crystal- Ct;' chlorite
1000°C Tef Ief I 7A 108 144 linity e
K: kaolinite
10A
12.2 53 6.0 09 40 52 8 1
12.6 52 6.8 0.8 48 45 7 1 I > K, Ch
12.6 6.2 5.6 1.1 27 67 6 1
12.8 43 7.0 0.6 46 48 6 8 I > Ch, K
11.0 52 50 10 20 71 9 2
12.4 4.8 6.4 0.8 51 41 8 1
13.0 5.5 50 1.1 49 22 9 1 I > Ch K
13.8 60 70 09 55 45 — 1
124 58 56 10 32 57 11 2
10.8 52 4.8 1.1 17 72 11 1
114 56 48 12 31 50 19 3 L= i, &
11.8 6.5 4.6 14 — —— —— —
10.2 42 54 0.8 33 51 16 6 I > Ch K
10.2 43 52 0.8 33 52 15 8
12.0 6.2 4.8 1.3 20 80 — 1
12.2 5.6 59 09 29 63 8 2
124 6.2 44 14 26 50 24 1 I > Ch, K
11.7 4.7 58 0.8 — — — —
11.0 50 5.0 1.0 27 49 24 4
10.8 4.6 52 0.9 30 51 19 4
11.2 5.0 4.8 1.0 22 65 13 3 1> Ch K

of the second is 0.8 to 1.4 with the average of 1.0. Thus, their intensities
are similar.

The effect of loss of the hydroxyls is relatively wide, asymmetrical and
predominantly at a higher temperature.

The endothermic response takes place at the temperature of 300°C in
combination with loss of the mass which should be attributed to ferrous
hydroxide, perhaps goethite.

The character of derivatograms and the parameters are similar for all
the samples under investigation. Variations are not associated with age
or origin. :

The X-ray analysis of powder samples indicates that the 7 A, 10 A and
14 Abasic lines are shown by all the deposits under investigation (Fig. 4).
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Fig. 3. Derivatograms of the glacial deposits of Petuniabukta. The fraction smaller than
0.002 mm. DTG: 1/5, DTA: 1/10, TG: 200 mg

® ®

PO 0 0

@ ®

~etTTT T T T T T T T T T T T T T T T T T T T T

30° 25 20° 15° 0 5 26

Fig. 4. Diffractograms of the glacial deposits of Petuniabukta. The fraction smaller than
0.002 mm
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Samples from clay minerals (no 11, 12, 15) and single samples from glacial
tills (no 13 and 21) have better crystallinity at the above basic lines,
especially at the 10A line shown by illite. Crystallinity of the above samples
for the basic line shown by iHite is 4 to 8 while that of other samples is 1 to 3.
However, it is markedly lower with regard to the glacial deposits of south
Spitsbergen where the crystallinity averages as much as 20 (Choinski, Stan-
kowska and Stankowski in press).

The X-ray analysis of glycerine-and glycol-saturated samples shows a small
proportion of swelling minerals. The swelling is most likely due to the
presence of illite/smectite mixed-layer minerals.

The analyses of diffractograms, intensities of the basic lines for powdér
samples, those heated at the temperature of 550°C and treated with hydro-
chloric acid indicate the occurrence of the chlorite and kaolinite clay minerals
in large amounts in all the deposits under investigation. Particularly striking
is an increased amount of the kaolinite clay minerals in till sample 19
and a larger chlorite proportion of the clayey sediments.

The final inferences from the identification of the clay minerals are given
below.

The illite clay minerals have assumed dominance in the glacial deposits
of Petuniabukta. In addition to them, the chlorite and kaolinite minerals
occur in large amounts. Small quantities of illite/smectite mixed-layer minerals
are also found. Their presence can be linked to the weathering processes
that change the illite group.

There are certain variations in parameters of the clay minerals occurring
in the glacial deposits of Petuniabukta. The clayey deposits have high
cation-sorption capacities, better crystallinity of the clay minerals and large
amounts of the chlorite minerals. Parameters of the glacial tills vary to
a certain extent but their variations are not associated with age. However,
note should be made of the fact that the tills were deposited over a relatively
narrow period of time (the Billefjorden Stage, the Little Ice Age). On the other
hand, newly deposited tills have lower sorption capacities, poor crystallinity
of the clay minerals and larger amounts of the kaolinite minerals.

The results of identification of the clay minerals occurring in the glacial
deposits of Spitsbergen. Poland and Canada indicate marked stratigraphic
and regional variations (Choinski, Stankowska, and Stankowski in press,
Stankowska 1981).

The illite and smectite groups are the predominant clay minerals in
Poland’s glacial tills of different ages. The deposits are illite-smectite or
smectite-illite in nature. In Poland’s territory there is a uniform tendency
towards an increase in the smectite minerals with the age of glacial tills.
Changing quantities of the clay minerals relative to the age of the glacial
tills are additionally subjected to regional or even subregional fluctuations.
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This is indicative of undoubted influence of the Sub-Quaternary bedrock on
the composition of the clay minerals occurring in the glacial tills.

In the glacial tills of Canada that are the product of the Visconsin
glaciation. the illite clay minerals have gained a marked advantage over other
clay minerals, including the smectite group, the illite/smectite mixed-layer
minerals, the kaolinite and chlorite groups.

In the glacial deposits of Spitsbergen, including both Hornsund and Pe-
tuniabukta, the illite minerals prevail. In addition to illites, the chlorite and
kaolinite minerals occur in large amounts. There are no marked stratigra-
phical differences in the composition of the clay minerals. However, the
research theme covers the latest glacial deposits associated with a relatively
narrow time interval. The glacial deposits vary to a certain extent in respect
of regional characteristics and origin.

The glacial deposits of Spitsbergen, including Hornsund and Petuniabukta,
are markedly richer in chlorite than the glacial tills of Poland and Canada.
They also contain markedly smaller amounts of the smectite and illite/
/smectite mixed-layer minerals. Diffractogram details and high crystallinity
of the basic lines are suggestive of a fainter effect of the weathering processes
on the conversion of hydromicas into smectites in the glacial deposits of
Spitsbergen, compared with the glacial tills of Canada or much more from
Poland’s territory.

Concluding remarks

The glacial deposits of the Petuniabukta region were laid down during
a relatively short time period between the Billefjorden Stage glacial advances
and the Little Ice Age. They were composed of glacial and glacio-aqueous
sediments and clays.

In general the glacial deposits consist of fine particles. The fraction
ranging from 0.102 to 0.002 mm dominates the distribution of these deposits.
There is high uniformity of the particle-size distribution of deposits of the
same type.

The calcium ion is the principal part of the sorption complex. A pro-
portion of the other ions, including magnesium, sodium and potassium,
is markedly smaller. The sorption complex components are characteristic of
sediments deposited in freshwater.

There are certain slight variations in the sorption complex depending
on sediment types. Within glacial tills the magnesium, sodium and potassium
ion contents of the sorption complex increase with age and there is a con-
current decline in calcium ions. This is a tendency similar to that observable
in Poland’s glacial tills of different ages. Stratigraphical variations have yet
to be subjected to further study.

The glacial deposits of Petuniabukta have high carbonate contents of up
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to 50 per cent. There are large variations of the carbonate contents associated
with sampling sites and thus depending on rock types of which the bedrock
is built up.

The illite clay minerals are predominant in the glacial deposits under
investigation. Large amounts of the chlorite and kaolinite minerals ar also
found.

The glacial deposits of Spitsbergen are markedly richer in the chlorite
minerals than Pleistocene glacial tills of Poland. They also contain smaller
amounts of smectites and the illite/smectite mixed-layer minerals. This is due
to a fainter effect of the weathering processes on the conversion of hydromicas
into smectites in the glacial deposits of Spitsbergen, compared with Poland’s.
glacial tills.
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Streszczenie

Analizowano osady glacjalne rejonu Petuniabukta, zdeponowane podczas nasunig¢ glac-
jalnych od Billefjorden Stage do Malej Epoki Lodowej. Byly to osady lodowcowe, lodowcowo-
-wodne oraz ily. Szczegdbtowa charakterystyke miejsca poboru probek, ich pozycje stratygra-
ficzna przedstawiono w tabeli 1, w oparciu o pracg Stankowskiego (artykul wstepny w ni-
niejszym zeszycie). '

Analizowane utwory glacjalne charakteryzuja si¢ ogolnie drobnym uziarnieniem. Dominu-
jaca frakcja w badanym osadzie jest frakcja 0,102—0,002 mm (tab. 2, fig. 1). Obserwuje
si¢ duza jednorodno$¢ sktadu mechanicznego w obrebie poszczegodlnych typow genetycznych
osadow.

Glownym jonem wchodzacym w skilad kompleksu sorpcyjnego wszystkich analizowanych
osadow jest jon wapniowy (tab. 2). Udzial pozostalych jonow magnezu, sodu i potasu jest
zdecydowanie nizszy. W obrebie glin morenowych obserwuje si¢ z wiekiem wzrost zawartosci
w kompleksie sorpcyjnym jonéw magnezu, sodu i potasu przy spadku udzialu jonéw wapnia.

Osady glacjalne Petuniabukta charakteryzuja si¢ znaczna weglanowoscia (do 509, — tab: 3,
fig. 2). Obserwuje si¢ duze zroznicowanie zawartosci weglanow, zwiazane z miejscem pobrania
analizowanego osadu a zatem uzaleznione od skal budujacych podloze.

Mineratami ilastymi dominujacymi w badanych utworach sa mineraty grupy illitu.
Obok nich, w znacznych ilosciach wystepuja mineraty grupy chlorytu i grupy kaolinitu (tab. 3,
fig. 31 4).

Osady glacjalne Spitsbergenu sa wyraznie bogatsze w mineraly grupy chlorytu niz gliny
morenowe Polski. RoOwnocze$nie sa wyraznie ubozsze w mineraly grupy smektytu i mineraty
struktur mieszanych typu illit/smektyt. Jest to wynikiem mniejszego udzialu procesow wiet-
rzeniowych, przeobrazajacych mineraly grupy hydromik w mineraly grupy smektytu, w osadach
glacjalnych Spitsbergenu w stosunku do glin morenowych Polski.



