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ABSTRACT

Hornelen Basin (Devonian) is filled with ~25 km of sediments,
mostly sandstones. These sedimentary rocks are spectacularly or-
ganized into more than 150 basin-wide cycles, each on the order of
100 m thick, most of which coarsen upward. The cycles are other-
wise complex, consisting of marginally derived fanglomerates and
laterally equivalent, longitudinally dispersed alluvial plain sedi-
ments.

The basin-wide nature of the cycles, the fact that the
coarsening upward occurred at the same time in both marginal and
axial facies, and because successive alluvial fan bodies coarsen up-
ward whether they are composed of debris flow or of stream de-
posits suggest that the cycles are allocyclic and that they are the ba-
sin’s response to the lowering of its floor. In their marginal de-
velopment, the cycles are commonly segmented, consisting of
coarsening-upward subcycles of the order of 10 to 25 m thick. The
geometry and internal details of these suggest that they also were
tectonically generated.

It is likely that the 10 to 25-m coarsening-upward sequences,
representing aggrading base-level conditions, were the basic
sedimentary response to basin-floor subsidence. The 100-m cycles
represent additional complexity in style of subsidence. Progressive
eastward overlap of successive 100-m urits suggests that at this in-
terval the locus of subsidence abruptly shifted in a proximal direc-
tion, by ~0.25 km.

A dextral wrench fault model is proposed to account for this pat-
tern of basin filling.

INTRODUCTION

Descriptions of sedimentary successions with inferences about
tectonic control on sedimentation are legion, and this is hardly sur-
prising in view of the fact that the major control on almost all
sedimentation is tectonic. The critical question is how the control

operates (Blatt and others, 1972, p. 591). A weakness in many of

the published cases is that arguments are generalized and usually
uninformative as to how a relationship develops and is maintained
between the two sets of processes.

We suggest that some insight to the relationship may be gained
by closer examination of trends of sedimentation in time in
alluvium-filled basins, particularly in basins whose geologic context
and general sedimentary attributes are such as to suggest, a priori,
that tectonism was a dominant external control during sedimenta-
tion.
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Cases in point, presently being restudied, are the three main De-
vonian basins of western Norway (Solund, Kvamshesten, and
Hornelen Basins). All three were supposedly tectonically controlled
(Nilsen, 1968; Skjerlie, 1971; Bryhni, 1964b), although in none of
these studies has that conclusion been made by inductive reasoning,
because no detailed facies analyses or detailed sedimentary succes-
sions have been published. In these cases, a general feature of in-
terest is the difference in coarseness of the alluvial sediment pile in
the different basins. Solund Basin is filled with 4 km of conglomer-
ates, whereas Hornelen Basin apparently contains 25 km of sedi-
ment that is made up largely of sandstones. If the notion that
tectonism was the dominant control of sedimentation is true (and
varying climatic or lithologic controls can probably be ruled out
because the basins are sited close together and each lies within an
equally varied assemblage of source rocks), then there is clearly
scope for a more detailed discussion of how differences of tectonic
style or intensity have produced such a varied sedimentary response
(Steel, 1976).

In the present discussion, we are concerned primarily with a par-
ticular feature of the internal organization of one of these basins,
Hornelen Basin. This is a basin-wide cyclicity, usually expressed as
repeated coarsening-upward sequences of the order of 100 m thick
and that is developed equally well in the sandstone portion of the
fill (basin-axis) as in the conglomerate portion (marginal). In mak-
ing a case for the tectonic generation of this cyclicity, we emphasize
its development in alluvial plain facies. The internal details and
geometry of individual fan-floodplain bodies give relatively short-
term evidence of the sedimentary response to individual periods of
faulting or subsidence. The geometrical relationships of successive
bodies (the way in which they are stacked) give longer term evi-
dence concerning the locus and changing style of tectonism in time.

HORNELEN BASIN

Hornelen Basin is relatively small (< 2,000 km?) and is filled with
Devonian alluvial sediments of two main types. Minor amounts of
conglomerate occupy the marginal areas adjacent to the present
northern and southern bounding faults (Fig. 1). These deposits
were dispersed laterally across the margins on alluvial fans which,
on the basis of paleocurrents, sediment coarseness, and pebble size
changes, headed either from the present fault lines or from parallel
faults not far outside the present basin boundaries (see Fig. 8).
Most of the basin, however, is filled by sandstones which probably
accumulated from westward-flowing rivers on a broad alluvial
plain (see Fig. 8) (Bryhni, 1964b). A marginal interfingering of
these deposits with the fanglomerates suggests that at certain times
the entire width of the basin was flooded by the longitudinal alluv-
ial plain system.
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Figure 1. Simplified map of Hornelen Basin (after Kildal, 1970). Note the remarkable cyclicity permeating the 25-km-thick basin succession. Both axial
and marginal deposits are dominated by coarsening-upward sequences. Lettering refers to the locations of sections shown on Figures 3 through 6. The
bedding generally dips east at 20° to 40° but is subvertical on the northern margin.
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Figure 2. View eastward along part of the axial region of Hornelen Basin showing the basin-wide cyclicity. Scarps are of the order of 100 m high. Note
the transition from fine-grained (immediate foreground) (Fig. 6, loc. E) to coarse-grained alluvial plain facies (middle distance) (Fig. 6, loc. F). Letters refer

to Figures 3 through 6.

The two most striking features of the basin succession are the
apparently enormous stratigraphic thickness (~ 25 km) (Kolderup,
1927; Bryhni, 1964a) and the presence of a prominent cyclicity
through much of this (Figs. 1 and 2). We are particularly interested
here in the latter feature. Superb exposure across the basin provides
an unusual opportunity for examining both the sediments and the
cyclicity, as it is traced through the various laterally equivalent
facies.

We attempt to examine the cyclothems in both their marginal
(alluvial fan sediments) and axial (alluvial plain sediments) de-
velopment, but we discuss mainly the marginal facies, because as
these are very coarse grained, they are likely to reflect the details of
marginal tectonics more clearly.

MEASUREMENT OF CYCLOTHEMS

We use the terms “cyclothem” or “cycle” in the very general
sense recommended by Duff and others (1967, p. 2). Because of the
critical importance of the correct delimitation of cyclothems and
the correct recognition of their internal trends, we make the follow-
ing points concerning field measurements:

Maximum particle size and bed thickness measurements in con-
glomerates were made in the manner and for the reasons outlined
by Bluck (1967). The plotted values cf particle size represent a
mean value of the ten largest clasts (afte: the omission of any “out-
sized” clasts) from an area over several metres on either side of the

point of bed-thickness measurement. Bed-by-bed maximum particle
size readings together with sandstone percent averages proved to be
critical in the recognition of coarsening-upward trends within fan
bodies and therefore also in the delimiting of fan cyclothems. In
places where the uppermost fraction of a conglomerate sequence
becomes finer grained, the cyclothem boundary was placed above
this portion but immediately below the overlying fine-grained
sandstones and siltstones.

In the sandstone succession of the basin axis region, cyclothems
are less easy to define and have probably been previously identified
incorrectly as fining upward (Bryhni, 1964c), presumably the
simplest interpretation of a succession seen to consist of an appar-
ent alternation of fine- and coarse-grained “members.” Detailed
measurements through numerous coarse “members” have since
demonstrated that they are internally dominated by a coarsening
upward and that there is usually a transition up from the underly-
ing fine “member.” The latter usually overlies the coarsest portion
of an underlying sequence. This position of the cyclothem bound-
aries was further demonstrated when they were traced laterally into
the bounding surfaces of well-defined marginal fan cyclothems.

MARGINAL SEQUENCES
(ALLUVIAL FAN BODIES)

The marginal deposits are likely to have accumulated mainly on
alluvial fans. This environment is suggested by the coarseness of the
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Figure 3. Some of the internal details of three alluvial fan sequences. Note the general coarsening upward as well as increasing maximum particle size
upward. Profile C is clearly segmented into a number of coarsening-upward units.
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Internal details of a composite, debris-flow—dominated alluvial fan wedge which is interfingering with floodbasin fines along the northern

margin of Hornelen Basin. Note the progressive change in sediment coarseness as well as in maximum particle size (MPS) both distally and upward in the

fan body.

sediments (Fig. 3), the wedge shape (in section) of the bodies (Fig.
4), progressive downfan decrease in maximum clast size through-
out the wedge (Fig. 4), and frequent dominance of clasts from local
“basement,” evidence of subaerial exposure {for example, mud-
cracks, rainprints) and the paleocurrents which sometimes indicate
a “fan-like” dispersal out from the basin margins. Some cyclothems
in the marginal areas also include fine-grained sediments derived
from the basin-axis floodplain system. This material sometimes
wedges out before the margin is reached, but, when present, oc-
cupies the lowest part of the cyclothem (Figs. 3, 4).

The alluvial-fan deposits have been studied at three levels of or-
ganization. At the most general level, there are successions of the
order of kilometres thick, which consist of stacked alluvial fan
bodies, mostly of the same type. For example, successions of fan
bodies of predominantly debris-flow deposits (Fig. 3, loc. A; Fig.
4a), of predominantly stream deposits (F.g. 3, loc. B; Fig. 4b), or of
mixed types (Fig. 3, loc. C) have been identified along different
marginal segments of the basin. Secondly, the general organization
within individual fans is of interest. Along the southern margin of
the basin, fan bodies (~5-km radius and 50 to 80 m thick in prox-
imal reach) are highly asymmetric, dominated by coarsening and
thickening-upward trends (Figs. 3, 4b), while those bodies along

the northern margin are frequently of smaller radius (~1 km),
thicker (100 to 200 m), and are less asymmetric (Fig. 4a). In the
latter instances, however, a general coarsening upward can still be
seen. In addition, individual fan sequences commonly consist of a
number of subunits (10 to 25 m thick), and each of these also may
be dominated by coarsening- and thickening-upward trends (Fig. 3,
loc. C; Fig. 5). Finally, the sediments themselves, at bed or
sedimentation-unit level, have been studied, and various types of
debrciis-ﬂow, mudflow, and streamflow deposits have been recog-
nized.

Details of the various sediment facies at bed level are beyond the
scope of the present discussions (see Maehle, 1975; Nilsen, 1975;
Spinnangr, 1975) but will be treated in detail elsewhere. The ensu-
ing discussion is concerned mainly with the second level of organi-
zation, because the individual, coarsening-upward fan body is be-
lieved to be the unit of major importance in the basin succession
and is of tectonic significance.

Some 55 alluvial fan bodies along the margins of the basin have
been examined. Of these, 90 percent show the following features:

(1) A general coarsening-upward, indicated by decreasing
sandstone (discrete bed) percentage (Figs. 3, 4). (2) Coarsening
upward of the conglomerates themselves as indicated by increasing
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Figure 4b. Internal details of a stream-dominated alluvial fan body on the southern margin of Homelen Basin. Note the contrasts with the fan of Figure
4a in fades, fan radius, overall cross-sectional geometry, and downfan rate of change of MPS, despite the similar coarsening upward and fining outward.

Legend as in Figure 4a.

mean maximum clast size (Figs. 3, 4). (3) A general thickening-
upward of conglomerate beds as implied from a positive bed
thickness—maximum particle size relationship. (4) A sharp and ap-
parently planar upper boundary to the fan body (Fig. 4). The coars-
est fanglomerates are abruptly overlain by the finest alluvial plain
sediments. (5) Lower boundary is gradational because there is a
gradual coarsening upward from alluvial plain sandstones to the
finest (distal) fanglomerates. This has resulted from a lateral in-
terfingering of fan and alluvial plain sediments and from the
gradual enlargement of fan radius through time so that the base of
the fan body is now diachronous (Fig. 4).

The coarsening upward is not restricted to a particular sector of
any fan body, and so the responsible mechanism is not a local one.
The general grain-size and bed-thickness trends therefore suggest
that successive dispersions on the fan surfaces were of increased
competence and capacity. Moreover, because successive disper-
sions contained greater volumes of debris, individual fans had a
characteristic history of radial enlargement. Because of fan-area
~source-area relationships (Bull, 1964; Hooke, 1968), there is also
implied an increasing drainage area with time.

The question arises as to the cause of the increased volume of de-
bris shed onto the fans with time. In a Devonian piedmont situa-

tion, this may be attributed to time changes in relief, climate, or
bedrock geology in the drainage area, probably in that order of im-
portance (Blatt and others, 1972). Bedrock controls were probably
unimportant because there are no significant vertical changes in
pebble type in individual fan sequences. Of relief and climatic con-
trols, the former was probably more important for the following
reasons:

(1) Coarse-grained, conglomeratic fan sequences, each of the
order of 100 m, were repeatedly built and stacked above each
other. (2) The marginal fan cycles are notably asymmetric (Fig. 1);
that is, they coarsen upward. As discussed below, this asymmetry is
more easily explained by a lateral (tectonic) shifting of the locus of
subsidence and sedimentation than by a climatic hypothesis. (3)
The coarsening upward in the fan sequences appears to be inde-
pendent of the dominant type of deposit from which the fans were
built. Sequences dominated by debris-flow deposits, stream de-
posits, or mixtures of this show similar tiine trends (Fig. 3). Clima-
tic change probably tends to alter the dominant depositional pro-
cess during fan building (Lustig, 1965). (4) Hornelen Basin pres-
ently has prominent fault boundaries (Figs. 1 and 8), and subsi-
dence was certainly a major control on the accumulation of 25 km
of sediment within this relatively small area.
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It is suggested that, in the areas adjacent to the basin margins, the
effect of a relative subsidence of the basin floor was the creation of
relief, increased drainage area in the new upland region and unsta-
ble slopes. It is further suggested that the main tectonic event is
marked by the sharp planar top of any fan body, while the overly-
ing coarsening-upward sequence records the gradual export of
stored debris and the gradual building of the next fan outward in
an attempt to re-establish an equilibrium profile across the basin
margin. The coarsening upward itself s:mply records the tendency
for relatively distal deposits to be overlaid by more proximal de-
posits through time, as the radius of thz fan enlarges. Because the
coarsening upward is a feature of the entire fan body, growth ap-
pears to have taken place fairly uniformly over the fan surface.

As regards the tectonic mechanism, it is of interest to speculate
about the frequency or intensity of fault movement needed to pro-
duce a single coarsening-upward sequertce. In fan sequences many
times thicker than those here, it has been suggested that coarsening
upward may have resulted from faulting with a history of pro-
gressively greater movements (Steel and Wilson, 1975). In the pres-
ent case, with sequences of the order of 200 m, we suggest that sev-
eral short-lived but intense movements along the same fault line
may have been sufficient to begin and maintain continuous fan
growth. It is possible that there was a lag between each tectonic
event and the sedimentary response so that a uniform series of fault
movements caused an accumulation and progressive storage of
gravel, with a resultant gradual enlargement of fan size. If we as-
sume that it is unrealistic to postulate a single fault scarp of the
order of 50 to 100 m high, then it is tempting to correlate the sub-
units in many of the fan sequences with discrete episodes of fault
movement. The segmented nature of many of the fan sequences is
clear (Fig. 3, loc. C; Fig. 5), and in some fans, the subcycles show
not only a coarsening upward but also a thickening upward of
component beds (Fig. 5). Of course, these subcycles may have re-
sulted from an autocyclic mechanism on the fan, such as from the
natural intermittent lateral shifting of the main dispersal system.
There are, however, two attributes of the subcycles which favor an
origin from external events. First, they zppear to have a sheet-like
geometry which suggests that they represent a unit of accretion
over most of the fan surface. In addition, in some areas of the basin,
the subcyclicity appears to penetrate the alluvial plain facies
beyond the fan toes. Secondly, in some segmented profiles, particu-
larly along the northern margin, the base of each subcycle consists
of fine-grained sandstones and siltstones derived from the basin-
axis dispersal system and not from the fans themselves (Fig. 5). This
feature again emphasizes that the subcyclicity is not simply an in-
ternal feature of the fan prism but penctrates from the marginal
into the basin-axis facies.

The Hornelen type of fan sequence contrasts strongly with other
described Devonian (Bluck, 1967) and Triassic (Steel, 1974)
basin-margin fan sequences that are characterized by a fining up-
ward. It is likely that such sequences, particularly if they are rela-
tively thin, could have been generated either against basin margins
where the rate of subsidence was minimal (and sourceward scarp
retreat was important) or across basin margins which were actively
expanding by a sourceward shifting of the locus of faulting and
subsidence (Steel and Wilson, 1975; Steel and others, 1975).

AXIAL SEQUENCES (ALLUVIAL-PLAIN SAND BODIES)

Approximately 90 percent (by volume) of the sediments in
Hornelen Basin are sandstones which accumulated from a
westward-flowing fluvial system (Figs. 1, 8b). They form a variety
of facies, the sum of which may be loosely referred to as an
alluvial-plain association. Detailed study of these sediments is yet at

—)

Figure 5. Details of the coarsening upward and thickening upward
within subunits in the fanglomerate portion of a cyclothem on the northern
margin. The fine sandstone at the base of the subunits is of floodbasin origin
and not derived from the fans.
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a preliminary stage, but a number of facies of progressively more
distal aspect (progressively finer grained) have been recognized. It is
assumed that sequences with abundant polymict conglomerates are
most proximal while those with greater amounts of ripple lamina-
tion and mudclast-conglomerate — mudstone strata are more distal
(Fig. 6). If these criteria are correct, it :s of additional interest to
note that both plane parallel lamination and planar cross-
stratification show some increase in amount distally while trough
cross-strata decrease (see summary of structures, Fig. 6; see also
Smith, 1970).

Like the alluvial fan deposits, these facies sequences are vertically
repeated many times in different parts cf the basin (Fig. 1). Cycle
thickness varies from 70 to 140 m. Most of the sequences exhibit a
coarsening upward which reflects transition from relatively distal
to relatively proximal parts of the alluvial-plain system (Fig. 6,
profiles E and F). On the other hand, the few outcropping examples
of the most proximal (Fig. 6, profile G) and the most distal se-
quences (Fig. 6, profile D), which are usually relatively thin, appear
to show no similar vertical organization. Cycles containing these
end-member types represent less than 5 percent of the total in the
basin.

It has not been possible to examine a single cycle for more than
several kilometres longitudinally in the basin, partly because of in-
accessibility and because the succession has an eastward tectonic
dip parallel to the main axial paleoflow and toward the proximal
reaches. Therefore no single cycle has a demonstrable sourceward
facies change such as that shown by the profiles D through G in
Figure 6. However, a great number of cyclothems can be examined
vertically; these do show a range of variation typified by these se-
quences and suggest that any one cyclothem has the geometry and
facies differentiation approximating that shown in Figure 7a. In
addition, individual cyclothems can be examined laterally and
demonstrable facies changes from braided river channel deposits
into floodbasin deposits are consistent with the proposed model
(Fig. 7b). Examination of aerial photographs of the basin suggest
that axial cyclothems may have a minimum east-west extent of 10
to 12 km.

IDEALISED CYCLE — HORNELEN BASIN

(a
W, >12km E.

AL CHANNEL SYSTEM

FLUV! proximal
distal T ———
FLOODBASIN P
6G
eg fig.6D 13 6F
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N, 20km S.

FANS FLUVIAL CHANNEL SYSTEM (BRAIDED)} FANS

\ | ]
\ 150m /
\

FLOODBASIN / LACUSTRINE - _

eg figda fig.4b
Figure 7. Suggested longitudinal and lateral geometry and facies varia-
tion in the Hornelen Basin cycles. Section b can be observed; section a is
hypothetical.
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The general coarsening upward of most of the alluvial plain cy-
clothems is also interpreted in terms of a general (westward) pro-
gradation of the basin-axis system, so that within a single cyclothem,
the deposits of, for example, proximal channel reaches gradually
encroached on distal reaches. The apparent arrangement of
floodbasin-lacustrine deposits both laterally and distally equivalent
to the deposits of the main channel system suggests a closed-basin
situation.

Any individual, axially transported alluvial-plain sequence can
be traced laterally into a marginal alluvial fan sequence. The axial
cyclicity is, therefore, not independent of that developed marginally
and, for reasons already discussed, we suggest that cyclothems in
their entire width (basin-wide) are the product of discrete episodes
of basin subsidence. The basin infill consists of more than 150 cy-
clothems, implying a similar number of major episodes of
alluvial-plain progradation and probably the same number of
major episodes of basin subsidence.

The alluvial plain cyclothems also often consist of a number of
coarsening-upward subcycles, of the same order of size as those in
the fan sequences (Fig. 6, profile F). Their development here, how-
ever, is less easily argued as attributable to allocyclic mechanism,
although in certain well-exposed areas, they can be “walked-out”
into subunits on the fans.

FAULTING, SUBSIDENCE, AND SEDIMENTATION

In the previous sections, the individual cyclothem has been exam-
ined, and the development of facies variation within it has been
briefly discussed. The evidence suggests that the development of a
typical 100-m-thick cyclothem represented aggrading base-level
conditions in the basin in response to a lowering of its floor.
Further, internal details of cyclothems suggest that the amplitude of
single subsidence events was commonly of the order of 10 to 25 m,
as reflected by individual cyclothems being composed of six to ten
subunits.

The question then arises as to the tectonic significance of the
boundaries between cyclothems as compared to those between sub-
cyclothems. We suggest, because of the spatial relationship of adja-
cent subcyclothems (in fan sequences), that the latter boundaries
separate intervals during which units of sediment were vertically
stacked — that is, the group of subunits within a single cyclothem
originated from approximately the same focus. On the other hand,
the cyclothem boundaries appear to represent intervals during
which there was an important eastward shift in the locus of both
marginal and axial dispersal systems.

Bryhni (1964a) suspected that the cyclothems overlap each other
eastward in Hornelen Basin; he noted that a series of progressively
younger alluvial fan bodies on the southern margin appeared to be
displaced successively eastward. Further examination of this and
other similar areas suggest to us that the amount of overlap of suc-
cessive cyclothems is commonly less than 0.25 km. In addition to
this evidence, a periodic, rapid eastward shift of the main locus of
subsidence could account for the remarkable planar tops of cy-
clothems and for their strong asymmetry. A discontinuous east-
ward migration of the marginal fans and of the proximal reaches of
the axial fluvial system would result in a more exaggerated grain-
size asymmetry in the cycles than would be the case if they were
stacked vertically. During the eastward shifting of the locus of
sedimentation, it might be expected that the underlying sequence
should be locally tilted eastward. In only one area has a slight un-
conformity, with this sense, been recorded at the base of a cyc-
lothem.

The validity of the above model for Hornelen Basin development
may also be argued indirectly, from the enormous stratigraphic
thickness of the basin succession. The lack of a significantly higher
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degree of metamorphism at the base of the pile than at the top
(Bryhni, 1964b) suggests that the basin was not 25 km deep. As-
suming a simple repetition of the type of cyclothem shown in Figure
7, present estimates of the minimum east-west extent of individual
cyclothems (12 km) and of the amount of eastward overlap be-
tween adjacent cyclothems (0.25 km), together with an average
cycle thickness of 120 m, suggest that the basement may not have
been deeper than 6 km below the surface of the basin.

The argument may be taken a stage further. A basin in which the
overall rate of vertical subsidence was less than the overall rate of
lateral expansion could be described as one developing under the
control of a wrench fault system. Examples of basins developing in
response to wrench fault systems have been figured and discussed
by Crowell (1974), mainly in terms of pullapart basins formed at
releasing double bends or sag basins formed adjacent to rising up-
lands on restraining double bends. ln the case of Hornelen Basin,
the observed eastward overlap of successive basin-fill increments
does not in itself necessarily imply that basin development was con-

Zone of uplift
(eastward migrating)

trolled by strike-slip faulting, but the following features (Fig. 8) are
consistent with such a notion, and they suggest that the basin may
have formed on the southem flank of a right-slip (oblique) fault sys-
tem approximately along the present line of Nordfjord:

1. Because of the predominantly strike-slip movement and dip-
slip movement along the northern and southern margins, respec-
tively, of the model basin (Fig. 8c), it is predicted that a reasonable
correspondance exists between conglomeratic pebble composition
and adjacent “basement’”” lithology across the southern margin, but
that anomalies exist across the northern margin. These predictions
are partially confirmed where easily identified augen-gneiss pebbles
in conglomerates along the western part of the northern margin
conglomeratic belt now lie adjacent to schists, with the parent
augen-gneiss displaced eastward (right-slip) by more than § to 10
km. In younger conglomerates along the same margin, gabbroic
and granodioritic clasts can be less easily matched with basement
and may imply considerably great right-slip movement. On the
other hand, along the central part of the southern margin of the
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basin, a change from quartzite to gneiss as dominant pebble type
appears to correspond fairly well with a similar change in adjacent
“basement” lithology (Fig. 8b).

2. The faulted southern margin of the model basin is less regular
and linear than the northern margin because the development of
the southern margin is dependent on the coalescence of a number of
hinged, curved southwest-northeast dip-slip faults (Fig. 8c). The
latter define the southern boundary of the area of sag caused by the
strike-slip movement of basement blocks against each other along a
restrictive double bend (see Fig. 4 in Crowell, 1974). The south-
eastern end of Hornelen Basin, as defined now by the fringing
fanglomerates, appears to have resulted from at least two, curved,
subparallel fault systems (Fig. 1). In addition, there are prominent,
curved northeast-southwest zones of jointing presently cutting the
basin, possibly reflecting reactivated basement faulting (Fig. 8a).

3. The facts that the bulk of Horrelen Basin sediments are
sandsized and that these filled the basin longitudinally from its east
end (Fig. 8b) are reasonably consistent with the strike-slip fault
model. In contrast, Solund Basin, of similar size and subparallel to
Hornelen Basin but lying some 60 km to the south, is filled with §
km of coarse conglomerates which were dispersed laterally into the
basin. This grain size and mode of filling is more typical of a rift
basin, dominated by dip-slip tectonics (Steel, 1976).

CONCLUSIONS

The basic response to vertical movement of Hornelen Basin floor
is deduced to have been the creation of marginal relief, gradually
increasing sediment discharge into the basin, and the progradation
of sedimentary bodies in which a characteristic coarsening-upward
sequence was generated. '

The major bodies produced by such a period of subsidence are
composite, being constructed of marginally dispersed fanglomer-
ates and longitudinally dispersed fluvial sandstones, but they are
basin-wide and commonly of the order of 100 m thick. These major
bodies are composed, in turn, of thinner tabular units, also coarsen-
ing upward, of the order of 10 to 25 m, which are believed to reflect
more closely the maximum amplitude of individual phases of sub-
sidence.

The main significance of the 100-m urit is that this vertical inter-
val represents the period after which tte locus of subsidence suf-
fered a rapid lateral migration, commonly of the order of 0.25 km.
This periodic eastward migration caused an overlap of the base-
ment and the generation of a stratigraphic thickness of some 25 km
in the basin.

A possible model for the development of this basin sequence with
its spectacular cyclicity is one involving discontinuous strike-slip
movement along a major right-slip wrench system.
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