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IMPACT-INDUCED DENDRITIC RIDGES IN SOFT SEDIMENTS
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Struktury deformacyjne na powierzchniach hierogliféw
uderzeniowych
Tabl. XXXIII-XXXIV il fig.

Abstract: Laboratory experiments and field evidence dindicate that defiormat-
fomal structures oconsisting of dendritic ridges maay occasionally develop in response
to tool impacts, The ridges result from instantaneous loading and horizontal shear
forces at the interface within layered sediments showing a mormal density gradient.

Soft-sediment deformational structures consisting of regular polygonal
and longitudinal ridge patterns may form either at the interface between
a moving suspension and soft bottom sediment (Dzutynski and Wal-
ton, 1963; Dzulynski and Simpson, 1966), or within layered soft
sediments which have experienced a reversed density gradient. The sys-
tems with reversed density gradients have been indicated as (b, a) systems
(Anketell etal, 1970), where b refers to a higher density layer at the
top, and a refers to a lower density layer at the bottom of a system.
Systems of this type were contrasted with (a, b) systems, which exhibit
a normal density gradient. The (b, a) systems were also divided into hori-
zontally mobile and non-mobile systems, depending on the respective pres-
ence or absence of unidirectional horizontal shear between the a and
b members. Deforming mobile systems characteristically give rise to longi-
tudinal ridge patterns, while non-mobile systems generally produce poly-
gonal ridge patterns. Although the regular convective patterns of deforma-
tions generally arise from reversed density gradients, it is realized that
they are essentially due to the interpenetration of viscous fluid media
differing in kinematic viscosities. Therefore, they may also develop in
normal (a, b) systems, if the top layer a is vertically compressed into
underlying layer b. Such compression could result from a superimposed
load.

In the laboratory syntheses of deformational structures in (b, a) sys-
tems (Anketell etal, 1970), one experiment was also conducted on an
(a, b) system. This experiment resulted in the development of both poly-
gonal and longitudinal ridge patterns by purely mechanical means. For
the sake of clarity, the essentials of this experiment are here briefly dis-
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cussed. A clay suspension was allowed to settle through a standing body
of water to form a layer with a positive density gradient i. e. (a, b) sys-
tems. The water was then removed, exposing the upper part of the sys-
tem to air. Since the uppermost part of the sediments was highly water-
-saturated and consisted of a metastable framework of fine clay particles,
its viscosity was lower than that of the underlying denser material. The
top surface of a was then uniformly loaded by using a metal plate, thus
pressing down layer a into the underlying layer b, in a manner similar to
that caused by a reversed density gradient. The resulting deformational
pattern at the layer interface consisted of a polygonal ridge pattern. A sim-
ilar experiment was also conducted using a rolling cylinder instead of
a plate. The rolling inflicted a unidirectional horizontal shear component
at the interface between layers a and b, resulting in the temporary devel-
opment of a horizontally mobile system, and the consequent production
of longitudinal dendritic ridges (Anketell, et al., 1970, fig. 14). Identical
ridges may develop from any external force capable of generating a unidi-
rectional horizontal shear, and rolling may well be substituted by a slight
semi-tangential, impact, such as might be produced by a current-trans-
ported tool (Fig. 1).

Fig, 1. Powstawanie grzebietéw dendrytycznych pod wplywem macisku przedmiotu
uderzajgcego o dno. Wedlug doswiadczenia

Fig. 1. Proposed mechanism by which tool impacts may produce longitudinal dendritic

ridges in a system exhibiting a normal density stratification. Based upon experiments.

Similar structures to those discussed might be expected to occur within
natural (a, b) systems on the sea floor, as a result of tool impacts upon the
top of a low density layer underlain by one of higher density. An example
of such natural structures is provided by a peculiar set of prod and brush-
-marks, which occur on a sandstone slab derived from the Oligocene Kros-
no Beds within the Polish Carpathian Flysch (Pl. XXXIII, Pl. XXXIV, Fig.
1). These brush and prod-marks were produced by a fish vertebra, which
was proding the bottom while being transported by a turbidity current. The
surface of the prod and brush marks is sculptured by a delicate pattern
of longitudinal dendritic ridges. Similar ridges have also been produced
experimentally, using fish vertebrae in an artificial turbidity current flow-
ing upon a soft substratum. Such ridges superimposed on brush and prod
marks were previously interpreted as the result of an increase in flow
turbulence behind moving tools (Dzutynski, 1965). However, the ex-
periments by Anketell and others (1970) allow a new interpretation
of both the natural and experimental structures here described. The ridge
mould on the surfaces of the prod and brush marks shown in Fig. 1 and
Pl. XXXIV are here interpreted as having been formed in temporarily
unstable (a, b) systems resulting from tool impact. The impact results in
the forcible penetration of a low-density top layer of bottom mud into a
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slightly denser and more viscous substratum. Simultaneous with the
induced instability, the momentum of the impacting tool produces a
horizontal shear between the two layers, resulting in the mobilization of
the lower layer, and the consequent development of longitudinal dendritic
ridges.

In conclusion, it may by noted that longitudinally dendritic ridge patte-
rns characteristic of mobile (b, a) systems may also occasionally develop
in normal (a, b) systems. This could occur in response to the tangential
impacts of tools, which produce both simultaneocus loading, and horizontal
shear forces acting upon the layer interface.

Geographical Institute Department of Geomorphology

Polish Academy of Sciences, Cracow

Department of Geophysical Sciences Old Dominion University
Norfolk, Virginia, USA

Geological Survey of Poland Carpathian Branch in Cracow

WYKAZ LITERATURY

REFERENCES

Anketell JJM, Cegla J., Dzutynski S. (1970), On the deformational struc-
tures in systems with reversed density gradients. Ann. Scc. Geol. Pol., 40, p. 3—30,
Krakéw.

Dzulynski S. (1965), New data on experimental production of sedimentary struc-
tures. Sed. Petrology, 35, no 1, pp. 196—212,

Dzutyhdski S, Walton E K. (1963), Expenimental production of sole markings.
Trans. Edinb. Geol. Soc., 19, pp. 279—305.

Dzulynski S, Simpsom F. (1966), Experiments on interfacial current markings.
Geologica Romana, 5, pp. 197—214, Roma.

STRESZCZENIE

Podtuzne grzbiety konwekcyjne powstajg najczesciej w ruchomych
ukladach (b, a), czyli w ukladach o niestatecznym uwarstwieniu gestoscio-
wym (por. Anketell et al. 1970). Bezposrednia przyczyng ich powsta-
wania jest jednak wzajemne przenikanie sie dwu nie mieszajgcych sig ze
sobg o$rodkéw o roznej lepkosci kinematycznej. Grzbiety konwekcyjne
mogg zatem tworzy¢ sie réwniez w ukltadach (a, b), jesli np. warstwa a zo-
stanie przycisnieta do podscielajgcej ]q warstwy b pod wptywem dodatko-
wego obcigzenia. Deformacje tego rodzaju, powstate wylgcznie w drodze
mechanicznej, zostaly uzyskane doswiadczalnie (Anketell et al. 1970,
p. 18). Naturalnym odpowiednikiem tych deformacji sg struktury widocz-
ne na powierzchniach hieroglifow uderzeniowych (Tabl. XX XIIT—XXXIV,
fig. 1). Przyczyng powstania grzbietow konwekcyjnych bylo, w tym przy-
padku, wcisniecie warstewki a w podscielajgcg jag warstewke b przez ude-
rzajgcy o dno krag rybi. Wcisnieciu towarzyszylo nieznaczne przesuniecie

poziome (fig. 1), co spowodowato chwilowe utworzenie sie uktadu rucho-
mego.
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EXPLANATION OF PLATES
OBJASNIENIA TABLIC
Tablica — Plate XXXIII
Prod marks produced by a fish vertebra exhibiting moulds of dendritic ridges. Krosno
Beds, Oligocene Wietlinia, tocality, Polish Canpathiams /s natural size
Slady rybiego kregu z odlewami grzbietéw dendrytycznych. Warnstwy krosnienskie,
Wetlina !/: natunalnej wielkosci
Tablica — Plate XXXIV
Close-up view of one of the prod marks illustrated in Pl. XXXIII

Szczegdt struktury uwidocznijonej na tabl, XXXIII
X1,5



Rocznik Pol. Tow. Geol., t. XLII, z. 2—3 Tabl. XXXIII

S. Dzutynski, G. L. Shideler, A. Slaczka



Rocznik Pol. Tow. Geol., t. XLII, z. 2—3 Tabl. XXXIV

S, Dzutynski, G. L. Shideler, A, Slaczka



