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Joint fractures on the southern shore
of Bellsund, Spitsbergen

ABSTRACT: About 1600 joint fractures were measured in tillites of the Upper Hecla
Hoek Formation on the southern shore of Bellsund. Measurements were collected in
12 areas between the Renardbreen and Tjorndalen. Ray diagrams and contour diagrams
of joint fractures, and contour diagrams of joint fractures after rotation to pre-folding
position were made for each area. The preliminary analysis of diagrams indicates 2 con-
jugated joint sets: ca. 60°—120° and 0°—30°. This joint system is probably older than
folding and was originated under ENE—WSW to NE—SW stress.
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Introduction

During the expedition of the Maria Curie-Sklodowska University of
Lublin in summer 1987, about 1600 joint fractures were measured at the
southern shore of Bellsund between the Renard Glacier (Renardbreen) and
Tjorn Valley (Tjorndalen). Measurements were collected in 12 areas (Fig. 1),
all in folded tillites of the Upper Hecla Hoek Formation (Flood, Nagy and
Winsnes 1971). Distances between the measurement areas varied from 0.7 km
to 2.0 km. In each area 100—200 joint fractures and 2—20 bedding planes
(sometimes very unclear in tillites) were measured.

Diagrams

Ray diagrams of joint fracture strikes (Fig. 1) made for 12 measurement
areas show a great variety of joint patterns (Ozimkowski 1988). Contour
diagrams of poles to joint fracture planes (Fig. 2) show this variety too —
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Fig. 1. Joint patterns on the southern shore of Bellsund 1 — measurement area, its number
and general dip and strike of bedding planes, 2-—ray diagrams of joint fracture strikes,
3 — glaciers

especially the variety of joint fracture strikes. It can be easily seen in the
diagram (Fig. 3) where all joint pattern maximums from 12 areas were put
together.

Relationship between joints and bedding planes at contour diagrams
(Fig. 2) suggests that joints are generally almost perpendicular to bedding
planes (i.e. joints are cathetal). It means that joints are of pre- or syn-folding
origin (Jaroszewski 1972), and thus “unfolding” of bedding planes together
with associated joint fractures may simplify the variety of joint patterns.
For this purpose every measured bedding plane was rotated to a horizontal
position and simultaneously with it, joint fractures associated with this
bedding plane were rotated to its pre-folding position. Then 12 contour
diagrams of “rotated” joint fractures were” prepared (Fig. 4).

Joint sets

Contour diagrams of “rotated” joint fractures (Fig. 4) show a smaller
variety of joint patterns than diagrams of joint fractures before rotation
(Fig. 2). Maximums of “rotated” joint patterns (Fig. 4) put together in one
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diagram (Fig. 5) are gathered in two groups corresponding to two joint sets:
— “A” — relatively varied (strikes ca. 60°—120°), and
— “B” — more limited (strikes ca. 0°—30°).

In 5 measurement areas only a single joint set was well developed:
A in the areas 4, 5, 7, 11 and B in the area 3, while the second joint set
was scant or even absent (e.g. joint set B in the area 7: see diagram 7 at Fig. 4).

® >8%

© <8%,

Fig. 3. Maximums of joint patterns from 12 measurement areas; projection as at Fig. 2;
small numbers mean measurement areas

In other 7 areas at least two maximums of joint fractures of the joint sets
A and B could be easily identified. In some diagrams two or even three
maximums of a joint set, A or B, were present (e.g. diagrams 6, 10, 12 in
Fig. 4).

After rotation of bedding planes to a horizontal position only ca. 30%;
of maximums of joint fractures were strictly vertical (Fig. 5). It means that
the joint was not precisely cathetal, maybe due to earlier (pre-jointing)
phase of folding or, because of possible errors in measurements of usually
very unclear bedding planes in tillites. Because of this, all possible lines of
the intersection between A and B “rotated” joint sets are not exactly
vertical (Fig. 6).
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Fig. 4. Contour diagrams of joint fractures rotated to pre-folding position; projection and contour lines as at Fig. 2
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Fig. 5. Maximums of joint patterns after rotation of joint fractures to pre-folding position;
A and B means joint sets, projection as at Fig. 2

Fig. 6. Lines of intersection between A and B joint sets after rotation of joint fractures to
pre-folding position 1 -— intersection of main joint sets (8%, and more), 2 — intersection
of other joint sets (less than 8%(); projection on the upper hemisphere
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Direction of maximum compression

Interfacial angles between joint sets A and B are different in different
areas, but generally are acute (40 --85 ). The joint sets A and B seem therefore
to belong to a system of conjugated joints and so. the bissection line of acute
angle between joint sets A and B indicates a direction of maximum com-
pression during the origin of joints (Jaroszewski 1972). The diagram of all
possible bissection lines of acute angles between two joint sets shows a general
direction of maximum compression close to NE --SW (Fig. 7).

° 2

Fig. 7. Bissection lines of acute angles between joint sets A and B; for explanations see Fig. 6

Lines of intersection between conjugated joint sets seem to have been
primarily vertical (Mastella 1988). Because of this, lines of intersection
between A and B joint sets (Fig. 6) were rotated to a vertical position. together
with associated bissection lines of acute angles between joint sets (Fig. 7)
and corresponding maximums of both joints sets (Figs 4--5). In this way ,
the most probable pattern of maximum compression directions during the
origin of jointing was reconstructed (Fig. 8).
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Fig. 8. Most probable directions of maximum compression during the origin of a joint
system. 1 — measurement areas with well-developed joint sets (a) and direction of compression
(b), 2 — other joint sets and probable direction of compression, 3 — glaciers

Conclusions

Joint pattern in tillites on the southern shore of Bellsund was probably
originated under ENE—WSW to NE--SW compression. This direction of
compression corresponds with general direction of the fold system in this
area (Flood, Nagy and Winsnes 1971), though joints are probably of pre-
-folding origin. Some deviations of joint sets and directions of maximum
compression (see Fig. 8) could be caused by lithological differences within
the tillites or by the later influence of younger faults.
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Streszczenie

Latem 1987 r., podczas wyprawy UMCS, zebrano blisko 1600 pomiaréw spekan ciosowych
w sfaldowanych tyllitach formacji Hecla Hoek na potudniowym wybrzezu Bellsundu. Na ba-
danym obszarze wydzielono 12 rejondéw odleglych od siebie o 0.7—2.0 km, w ktoérych pomie-
rzono po 100--200 spgkan ciosowych oraz 2—20 polozen warstw.

Dla wszystkich 12 rejonéw sporzadzono diagramy rozetowe biegow powierzchni spekar
ciosowych (fig. 1), oraz diagramy konturowe, uwzgledniajace takze ich upady (fig. 2).
Maksima spekan ciosowych z poszczegdlnych diagraméw konturowych naniesiono na
diagram zbiorczy (fig. 3), ktéry nie wykazuje wyraznego ich uporzadkowania.

Wzajemny stosunek polozen warstw i spekan ciosowych (fig. 2) przemawia za prosto-
padloécia ciosu do ulawicenia (katetalnoscia ciosu), ktéra $wiadczy o jego przedfatdowym
zalozeniu. Wyeliminowanie wplywu zafaldowania warstw powinno zatem uporzadkowa¢ obraz
ciosu. Wykonano wigc diagramy konturowe spgkan ciosowych po rotacji warstw w ktorych
spekania te pomierzono do poziomu (fig. 4). Diagram zbiorczy maksimoéw zrotowanych
spekan ciosowych (fig. 5) wskazuje na istnienie 2 zespolow ciosu-— “A”, w duzym przy-
blizeniu réwnoleznikowego (ok. 60°—-120°), oraz “B” ---zblizonego do NNE-—SSW (ok.
0°---30°). Zespoly ciosu A i B na ogoét nie byly jednak dokladnie katetalne, totez krawedzie
ich przecigcia byly jedynie zblizone do pionowych (fig. 6).

Zespoly ciosu A i B na poszczegélnych diagramach przecinaja si¢ pod katami roznymi
od kata prostego. Mogloby to przemawia¢ za tym, ze sa to 2 sprzgzone zespoly ciosu ze
cinania —- wowczas dwusieczna kata ostrego wyznaczataby kierunek maksymalnego nacisku.
Naniesione na zbiorczy diagram dwusieczne katow ostrych (fig. 7) wskazuja na generalny
kierunek naciskow zblizony do NE—SW.

Rotujac do pionu krawedzie przecigcia zespotdéw ciosu A i B, a wraz z nimi dwusieczne
katéw ostrych, odtworzono prawdopodobne kierunki maksymalnych naciskOw w czasie za-
kladania ciosu (fig. 8). Byly to naciski od NE-—SW do ENE—WSW, czyli zgodne z ogdlnym
przebiegiem struktur faldowych w tym rejonie (tzn. prostopadie do nich).

Praca zostala wykonana w ramach CPBP 03.03. B.7.





