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ABSTRACT

The thickest part of asymmetric rift, pull-apart, and foreland basin fills commonly consists
of large-scale (hundreds to thousands of metres thick), tectonically generated cyclothems of
fine-grained marine, lacustrine, or longitudinal fluvial deposits and coarse-grained transverse
braid-plain or alluvial-fan deposits. The appearance of coarse clastics in these basin fills is
typically noted as the time of tectonically rejuvenated source-area uplift, based on the concep-
tual tie between relief and coarse grain size, and on the application of the Davis theory of
landform development. We propose the opposite interpretation: that the commencement of
fine-grained sedimentation above coarse-grained deposits in a tectonic cyclothem is the best
indicator of renewed tectonic activity. This reinterpretation is more consistent with (1) modern
examples, (2) the consideration of source-area and sedimentary-basin geomorphology, (3) the
disparity between the reaction rates of the various environments to subsidence, (4) the dispar-
ity between the rates of tectonic uplift and erosion, and (5) the controls on clastic-wedge
progradation. In our model, extensive coarse-grained clastic-wedge progradation is an indica-

tor of tectonically quiescent phases.

INTRODUCTION

Rift, pull-apart, and foreland basin-fill se-
quences are typically asymmetric in cross-
section geometry normal to their active margin
(Fig. 1). This asymmetry results from the locali-
zation of tectonic activity, maximum subsidence,
and sedimentation along one basin margin.
Asymmetry in foreland basins is due to tectonic
downflexure under the superimposed load of
stacked thrust sheets (Beaumont, 1981), whereas
asymmetry in rifts and pull-apart basins is the
result of the development of half-graben struc-
tures. Half-grabens in rifts form due to block
rotations along listric and planar-normal faults
in zones of lithospheric attenuation (Wernicke
and Burchfiel, 1982), and form in pull-apart ba-
sins due to the downward component of motion
induced during strike-slip movements by exten-
sional or compressional deformation along curv-
ing or en echelon fault segments (Mann et al.,
1983).

The thickest part of all three basin-fill types
commonly consists of large-scale (hundreds to
thousands of metres thick), stacked cyclothems
composed of relatively fine-grained marine, la-
custrine, or longitudinal fluvial deposits and
coarser grained (conglomeratic) transverse
braid-plain or alluvial-fan deposits (Fig. 1; Table
1). The origin of these cyclothems almost invari-
ably is attributed to pulsating active tectonic epi-
sodes separated by relatively quiescent periods.
Cyclic climatic change is preciuded because the
known duration of these cyclothems (2.4 to 15
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m.y.; Table 1) is 6 to 650 times longer than
orbital-related climatic cycles, which have peri-
odicities of 23 to 400 ka (Parrish and Barron,
1986). A eustatic origin is ruled out because
many cyclothems consist entirely of continental
deposits (Table 1). Although climatic change,
eustasy, and autocyclic mechanisms may locally
cause ambiguity (Beerbower, 1964), the tem-
poral and spatial scales of these cyclothems and
their restriction to the tectonically active basin
margin are consistent with a pulsatory tectonic
origin.

We present here a unifying conceptual model
for the development of large-scale tectonic cy-
clothems in these diverse basin types. The onset
of tectonic episodes in the basins is typically
noted as the time when a phase of coarse-clastic

deposition is initiated. We propose, on the basis
of several lines of reasoning, that the opposite
interpretation is the most likely.

COARSE-GRAINED DEPOSITS AS
INDICATORS OF RENEWED
TECTONIC ACTIVITY

The conceptual tie between coarse-grained
sedimentation and tectonic activity is derived
from the observed relation between gravel depo-
sition and relief recognized by Playfair (1802,
p. 381-382):

It is a fact very generally observed that when
the valleys among primitive mountains open
into large plains, the gravel of those plains con-
sists of stones, evidently derived from the
mountains. The nearer any spot is to the
mountains, the larger are the gravel stones. . . .
The reason for this gradation is evident, the
farther the stones have travelled, and the more
rubbing they have endured, the smaller they
grow . . . and the greater the quantity of that
fine detritus. . . .

The correlation of a period of renewed
coarse-grained sedimentation in a basin with an
episode of tectonic uplift dates back at least to
Barrell (1917), and is based on the idea of the
rejuvenation of relief, a concept derived from
the application of the “geographical cycle of
landforms” theory of Davis (1899, p. 481-499):

All the varied forms of the lands are dependent
upon . . . structure, process, and time. In the

Figure 1. Schematic cross
sections perpendicular to
active margins of puli-
apart (A), rift (B), and fore-
land (C) basins. Large-dot

pattern depicts braid-plain
and alluvial-fan deposits;
small-dot pattern depicts
tine-grained fluvial, lacus-
trine, and marine deposits.
Upper scale is for A and B;
lower scale is for C.
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beginning, when the forces of deformation and
uplift determine the structure and attitude of
the region, the form of its surface is in sym-
pathy with its internal arrangement, and its
height depends on the amount of uplift it has
suffered. . . . [E]ven the most resistant [rocks]
yield under attack to the atmosphere, and their
waste creeps and washes downhill as long as
any hills remain; hence all forms, however
high and however resistant, must be laid low,
and thus destructive process gains rank equal
to that of structure in determining the shape of
a land-mass. . . . Like land-forms, the agencies
that work upon them change their behaviour
and their appearance with the passage of time.
A young land-form has young streams of tor-
rential activity, while an old form would have
old streams of deliberate or feeble current. . . .
[Load] rapidly increases in quantity and
coarseness during youth. . . . [Alfter full matur-
ity, load continually decreases in quantity and
in coarseness of texture; and, during old age,
the small load that is carried must be of very
fine texture. ... A land-mass, uplifted to a
greater altitude than it bad before, is at once
more intensely attacked by the denuding proc-
esses in the new cycle thus initiated. . . .

The application of the Davis cycle theory of
landform denudation to the origin of tectonic
cyclothems is prevalent in the geological litera-
ture. The widespread use of this intuitively ap-
pealing theory, however, incorrectly implies that

it and its corollaries have been rigorously and
successfully tested at the spatial and temporal
scale of the tectonic cyclothems.

FINE-GRAINED DEPOSITS AS
INDICATORS OF RENEWED
TECTONIC ACTIVITY

We propose that the onset of deposition of the
finer grained part of a tectonic cyclothem is a
more consistent and more logical indicator of
the onset of renewed tectonic activity in rifts,
pull-apart basins, and forelands, on the basis of
(1) the consideration of the major changes in
basin and source-area geomorphology dictated
by the cyclothems; (2) modern examples; (3) the
disparity between the rate of response to tectonic
subsidence of the environments that produce the
fine-grained units vs. those that produce the
coarse-grained units; (4) the disparity between
the rates of tectonic uplift and erosion; and
(5) the unlikely event that a rapidly and widely
dispersed coarse clastic wedge can form during
active tectonic episodes.

The development of large-scale tectonic cy-
clothems near an active basin margin indicates
that for extended periods of time (millions of
yeass) marine, lacustrine, or longitudinal fluvial
environments occupied that part of the basin,

and that during alternate periods of similar dura-
tion, transverse braid plains or alluvial fans oc-
curred there. A consequence of the traditional
association of fan or braid-plain sedimentation
to the period of active tectonic subsidence along
the margin is the need for their displacement by
marine, lacustrine, or low-gradient fluvial sedi-
mentation during periods of tectonic quiescence.
This interpretation requires basin alluviation, or
a long-term rise in lake or sea level of hundreds
of metres to deposit hundreds of metres of fine-
grained sediment above the fans or braid plains,
which constitute the highest depositional topog-
raphy in the sedimentary basin. This scenario is
geomorphologically inconsistent, because lakes,
oceans, and low-gradient fluvial environments
are maintained for long periods of time in the
topographically lowest parts of the sedimentary
basin. The inversion of the depositional topog-
raphy indicated by the stratigraphic change in a
tectonic cyclothem from fan or braid-plain dep-
osition to lacustrine, marine, or low-gradient
fluvial deposition is most easily developed by
subsiding of the basin-margin bajada or braid
plain to create a topographic depression.

The application of the Dav’, theory to the
origin of tectonic cyclothems also implies that
the uplifted source area is eliminated during tec-

TABLE 1. DATA FROM DESCRIBED TECTONIC CYCLOTHEM EXAMPLES

Reference Age Location Basin No. of Cyclothem Average Average
type* cyclothems compontentst thickness Duration
(m) (m.y.)
Link (1982) Miocene-Pliocene S. California PA 5 M/L to Fan/BP 1600 2.4
Hendrix and Ingersol (1987) Oligocene S. California PA 4 F to Fan 525 ?
Dutton (1982) Pennsylvanian-Permian NW Texss PA-F? 7 M to BP/Fan 370 7
Heward (1978) Upper Carboniferous N. Spain PA 2 F/L to Fan 260 ?
Steel et al. (1977) Devonian S. Norway PA 150 F/L to Fan 150 ?
Smith and Hiscott (1984) Precambrian-Cambrian  Newfoundland PA-R? 3 F/L/M to Fan 725 ?
Tiereelin (1987) Pliocene-Recent Ethiopia R 1 L/F to Fan 300+ 4
Vondra and Burggraf (1978) Pliocene-Recent Kenya R 1 L/F to Fan 325 4
Cavazza (1985) Miocene N. New Mexico R 4 L to Fan 700 4.5
Blair (1985, 1987b) Jurassic-Cretaceous SE Mexico R 3 L/F to Fan 450 ?
LeTourneau (1985) Lower Jurassic Connecticut R 4(?) L/F to Fan 175 ?
Turner (1983) Upper Triassic South Africa R 3 L/F to BP/Fan 120 ?
Nadon and Middleton (1984) Triassic New Brunswick R 4 L/F to Fan 850 ?
Steel and Wilson (1975) Permian-Triassic Scotland R 6 L/F to Fan 470 ?
Deegan (1973) Carboniferous Secotland R-PA? 3 M to Fan 475 ?
Schluger (1973) Upper Devonian New Brunswick R 3 F to BP/Fan 520 ?
Wilson (1980) Lower Devonian Scotland R 3 F to Fan 1000 ?
Daily et al. {1980) Lower Cambrian S. Australia R? 2 M to Fan 650 ?
Hayward (1984) Miocene Turkey F 1 M to Fan 1250 15
Van Houten (1974) Oligocene-Miocene Switzerland F 2 M to Fan 2000+ 12.5
Van Houten (1974) Eocene-Pliocene France-Spain F 3 M to Fan 2000+ 10 to 15
Van Houten (1974) Eocene-Pliocene Spain F 3 M to Fan 3000 10 to 15
MeLean and Jerzykiewiecz (1978)  Cretaceous-Tertiary Alberta F 3 F to BP 570 8
Flores and Pillmore (1987) Cretaceous-Tertiary Colorado~-New Mexico F 3 F to BP/Fan 165 7
Wiltschko and Dorr (1983); Cretaceous-Tertiary Utah-Wyoming F 4 F/M to BP/Fan 1600 8
Schedl and Wiltsehko (1984)
Villien and Kligfield (1986) Cretaceous-Tertiary Utah F 5 M/F to BP/Fan 2000 10
Mack and Rasmussen (1984) Permian W. Colorado F 3 F to Fan 300 ?
Casey (1980) Pennsylvanian N. New Mexico F 2 M to Fan/BP 1200 10
Kingsley (1987) Precambrian South Africa F 4 F to Fan 125 ?

Note: Data obtained from text or estimated from figures in referenced manuseripts. Maximum thickness used where lateral variations occur.
* PA = pull-gpart basin; R = rift basin; F = foreland basin.
t M = marine deposits; L = lacustrine deposits; F = fine-grained fluvial deposits; BP = braidplain deposits; Fan = fan deposits.
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tonically quiescent phases. The fact that remnant
highs and multiple tectonic cyclothems are
found in many ancient basin fills attests to the
existence of significant relief, even during quies-
cent periods. The total elimination of marginal
uplifts is unlikely until a significant time after the
mechanism producing the uplift and basin per-
manently ceases.

The occurrence of fluvial, lacustrine, or ma-
rine environments adjacent to the active fault
margins instead of extensive braid plains or ba-
jadas is documented in modern active basins, in-
cluding the Bad Water playa and Amargosa
River in southeastern Death Valley, California
(Hunt and Mabey, 1966; Blair, 1987b); the
Deep Springs Lake in Deep Springs Valley, Cal-
ifornia (Blair, 1987a); the Madison River in the
Hebgen Lake basin in Montana (Alexander and
Leeder, 1985, 1987; Leeder and Alexander,
1987); and the northwestern Red Sea and Gulf
of Suez coast (Purser et al., 1987). The fact that
low-gradient fluvial, lacustrine, or marine envi-
ronments occupy the basin-margin depression
indicates that they responded more quickly to
tectonic subsidence than the fan or braid-plain
environments, This disparity has been ascribed
to different hydrologic controls on sedimenta-
tion in these environments (Blair, 1985, 1987a,
1987b); fan sedimentation has been infrequent
because of the need for extremely intense, very
low frequency rainfall in the small drainage ba-
sins from which coarse sediment is derived.
Without sufficient time for these infrequent
events, coarse-grained sedimentation is minimal,
regardless of structural relief. Fluvial systems
longitudinal to the tectonic grain react more
quickly to subsidence because deposition in
them results from water and sediment discharge
gathered from drainage basins thousands to tens
of thousands times larger than those of the fans,
and because of the finer grain size involved.
Lake sedimentation also commences more
quickly than fan sedimentation, because lakes
are maintained by discharge through the longi-
tudinal rivers or from springs that commonly
emanate from the freshly fractured basin margin
adjacent to the tectonic depression. This dispar-
ity is significant, as demonstrated by the deposi-
tion of 350 m of lacustrine sediments at the
basin margin in southeastern Death Valley dur-
ing a time when only widely spaced, uncoa-
lesced alluvial fans with radii of less than 1 km
had been built (Hunt and Mabey, 1966; Blair,
1987b). Similar relations in ancient examples
have been described by Steel et al. (1977) and
Gloppen and Steel (1981) for the Devonian
Hornelen pull-apart basin; by Beck and Vondra
(1985a, 1985b) and Kvale and Beck (1985) for
the active margin of the Cretaceous-Paleogene
Rocky Mountain foreland basin; and by Le-
Tourneau (1985) for the Jurassic Hartford rift
basin. If active subsidence lowers the basin
below sca level and there is a connection be-
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tween the basin and the sea, the development of
a marine embayment would be virtually instan-
taneous, in contrast to the relatively slow growth
of alluvial fans. Examples of this response based
on correlation of the age of superimposed thrust-
ing with marine transgressions or with signifi-
cant increases in ocean-floor depths have been
described from ancient foreland-basin fills by
Kauffman (1981), Hayward (1984), and Villien
and Kiigfield (1986).

The Davis cycle correlation of a coarse-clastic
influx to the basin with a period of active tec-
tonic uplift of the source area implies that
alluvial-fan or braid-plain environments are able
to quickly produce a widely dispersed clastic
wedge across the basin, and that denudation
rates of the rejuvenated uplifted block can keep
pace with or exceed tectonic uplift. Schumm
(1963) determined that the average tectonic up-
lift rates in modern orogenic belts are 8 times
higher than the average denudation rates and are
as much as 117 times higher in regions that re-
ceive <100 cm of annual precipitation. This dis-
parity between tectonic and erosion (sedimenta-
tion) rates combined with active deepening of
the depositional locus adjacent to the basin mar-
gin severely limits coarse-sediment bypass from
the areas immediately adjacent to the active
margin (Beck and Vondra, 1985a, 1985b; Blair,
1985, 1987a; Kvale and Beck, 1985; Bilodeau
and Blair, 1986; Jordan et al., 1986; Alexander
and Leeder, 1987; Purser et al,, 1987). Only
when basin subsidence greatly lessens or ceases
can the rate of denudation in the source area
exceed subsidence to produce a widely dispersed
progradational clastic wedge.

One of the first geologists, or zhe first, to in-
terpret the origin of tectonic cyclothems in a
manner opposite to that produced by applica-
tion of the Davis cycle theory was Davis himself
(1898, p. 33-35), in an article on the Triassic
formations of Connecticut:

The coarser beds are to-day generally found
near the margin of the formation, on the east
or west; but sometimes pebbles or cobbles up
to 6 or 8 inches in diameter are found near the
medial axis of the lowland. . . . Such strata may
be taken to indicate a more than ordinary ac-
tivity of transporting forces in the middle of
the depressed area, probably during a time of
less rapid depression of the region than usual,
and an encroachment of the coarser marginal
deposits on the flatter surface of the finer sedi-
ments along the middle of the trough. On the
other hand, fine-textured and evenly laminated
shales sometimes occur close to the border of
the lowland . . . and these must be taken to
indicate periods when the tranquil middle wa-
ters reached over a broader area, probably be-
cause of an increase in the depth and breadth
of submergence . . . caused by a gain of depres-
sion over deposition. . . .

This passage reveals that Davis did not consider
the application of his geographic cycle theory
appropriate for interpreting the origin of tectonic

cyclothems, a lead largely ignored by or un-
known to twentieth century geologists con-
fronted with explaining similar phenomena.

CONCLUSIONS

Stacked, large-scale tectonic cyclothems form
along the active margins of rift, pull-apart, and
foreland basins as a consequence of alternating
periods of active tectonic subsidence and relative
tectonic quiescence. The onset of a new phase of
tectonic activity is most likely indicated by in-
itial lacustrine, marine, or relatively fine-grained
fluvial sedimentation over the coarse-grained
alluvial-fan or braid-plain deposits, on the basis
of modern examples, changing depositional
topography, the rates of response to tectonic
subsidence of the fine-grain—depositing envi-
ronments vs. the coarse-grain—depositing envi-
ronments, the limitations of widespread dispersal
of coarse sediment during active subsidence, and
the persistence of relief in the source area.
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