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NEW TECHNIQUES IN REGIONAL SEDIMENTOLOGICAL ANALYSIS

Among sedimentological phenomena- there is one
which particularly successfully ,escapes” quantita-
tive or semiquantitative approach. This is the occu-
rrence of sedimentary structure. In the broad sense of
the term it is still purely descriptive concept devoid
of any quantitative aspect. It should be clarified here
that this remark refers to the ,quantity” of sedi-
mentary structure and not to the thickness of depo-
sits in which such a structure is observed. Thickness
of deposits is obviously easy to express quantitatively
but this should not be confused with the ,quantity”
of sedimentary structure itself.

For example, if cross-bedding occurs in a sand-
stone bed 10 metres thick, it does not mean that this
bedding is equally distinct and equally frequent
throughout the whole bed both when its vertical and
lateral variabilities are concerned. Therefore, 10 me-
tres mentioned above cannot be accepted as a pro-
per measure of ,quantity” of cross-bedding.

The lack of quantitative, numerical measure of
the occurence of sedimentary structure is a serious
problem in regional, sedimentological mapping.

In the attempt to solve this problem it is assumed
here that the ,quantity” of sedimentary structure
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may be determined on the basis of its frequency. In
a given section, every sedimentary structure which
occurs with adequate frequency is believed to
occur in large quantities. The question arises, ho-
wever, how to measure the frequency of sedimen-
tary structure and what its adequate frequency is?
In other words, how to transform the vague con-
cept of frequency of sedimentary structure into a
numerical, mappable value?

In the course of studies on the oldest marine
transgression in Poland some simple quantitative and
semiquantitative techniques have been elaborated and
successfully applied. The basic principles of the
techniques are explained in Fig. 1.

As an example the geological section shown there
is examined and deposits belonging to B stratigraphic
unit are a subject of detailed study. The boundaries
of B wunit are defined palaeontologically. Hence, the
top boundary of B unit does not coincide with the
change in lithology and is drawn within the bed of
medium-grained sandstone.

The data necessary for quantitative or semiquan-
titative evaluation of wvarious sedimentological pro-
perties are collected in the form of sedimentological
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Fig. 1. Sedimentological logging by uniférm interval

method.
Lithological symbols: 1 — crystalline basement, 2 — con-
glomerates, 3 — coarse-grained sandstones, 4 — medium-
-grained sandstones, 5 -— fine-grained sandstones, 6 — al-
ternating sand/mud laminae (sand predominates), 7 — al-
ternating mud/sand laminae (mud predominates), 8 — clay
and/or mud, 9 — limestones. Frequency of sedimentary
structures: 10 — abundant, 11 — common, 12 — rare, 13 —

absent. Detailed explanations in the text.

graphic log. Such a log is presented to the right of
the section shown in Fig. 1.

In regional, sedimentological analysis graphic logs
have to be set up for every surveyed section sepa-
rately. Many methods of graphic representation of
rock succession have been developed and published.
The most popular are those proposed by A. Bouma
(1) and R. C. Selley (5). The technique advanced here
is based on the uniform interval method. The latter
is of essential importance for turning sedimentary
structures into mappable, numerical values.

In the method of uniform interval a geological
section is subdivided mentally into a number of ar-
tificial ,beds” of the same thickness (2). Each of
these ,beds” constitutes one uniform interval. The
thickness of a uniform interval depends on the pre-
cision needed and on the object of study. It can be
of the order of 1 metre when monotonous, thick
sequence is surveyed in the field; it can also equal
1 millimetre, or even less, when a thin-section is
measured under the microscope.

In Fig. 1, the uniform intervals are marked as
white and black sectors of the rod placed across the
beds of B unit. To facilitate further discussion, all
the uniform intervals have been marked with capital
letters.

Every uniform interval is considered as being
lithologically homogenous and is represented by the
rock type which prevails in a given interval. For
example, in the second uniform interval of f unit,
that is in C interval, alternating mud and sand is
major rock type. This observation is recorded in
graphic log (Fig. 1, column LITHOLOGY) with- cor-
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Rye. 1. Profz‘lowanie sedymentologiczne metodq od—,
cinka jednorodnego.

Symbole litologiczne: 1 — podloze Kkrystaliczne, 2 — zle-
pience, 3 — piaskowce gruboziarniste, 4 — piaskowce $red-
nioziarniste, 5 — piaskowce drobnoziarniste, 6 — przekladan-
ce piaszezysto-mulowcowe (przewaza material piaszezysty),
7 — przekiladance mulowcowo-piaszezyste (przewaza material
mulowcowy), 8 — ilowece i/lub mulowce, 9 — wapienie. Cze-
stotliwos¢ struktur sedymentacyjnych: 10 — bardzo czeste,
11 — czeste, 12 — rzadkie, 13 — brak. Szczegodélowe objas-
nienia w tekscie.

responding lithological symbol. The position of the
thick line in sedimentological graphic log should be
noted. It shows the dominant grain-size for every
uniform interval (f.e. in C interval mud predomina-

tes).

Frequency of every sedimentary structure obser-
ved in the section is recorded separately for every
uniform interval. It is shown by hatched areas in the .
column designed for a given structure. The semi-
quantitative, subjectivé measure of frequency was
adopted. The hatched area (see Fig. 1, symbols 10,
11, 12, 13) measures 3 unit squares when a given se-
dimentary structure is abundant in a given inter-
val; 2 unit squares — when it is common; and 1
unit square — when it is rare. Blank unit squares
in the column of a given sedimentary structure mean
that this structure does not occur at all. For example,
in the uniform interval D, lenticular bedding is abun-
dant, bioturbations are common, mud cracks and
flaser bedding are rare and cross-bedding is absent.

The term ,unit square” mentioned above requires
an explanation. This is a square with a side equal

-to the adopted thickness of uniform interval drawn

on a scale adopted for ‘compiling graphic log.

To describe numerically sedimentological proper-
ties of a geological section the following semiquanti-
tative and quantitative indices were introduced.

Frequency-index of sedimentary structure (FS)
given by i

.

£
FS=—
z



Fig. 2. Data for calcuiatmg average maximum-grain

_ size (MG).
G geological section (fragment of drill core), — uni-
form intervals. ¢ — maxunum-grain size (in mllhmetres)

Detailed explanations in the text.

Ryc. 2. Dane do obliczenia $redniej wielkodci ziarna
maksymalnego (MG).
a — profil geologiczny (fragment rdzenia wiertniczego), b —

odeinki jednorodne, ¢ — wielko$¢ maksymalnego =ziarna
(w mm) dla kazdego odcinka. Szczegdéiowe objasnienia
w tekScie.

where 2’ stands for the area hatched in ‘the column
used to record a given sedimentary structure (that
is total number of hatched squares in this column),
and z for the maximum area which can be hatched
in the column used to record a single sedimentary
structure. In other words z expresses total number
of squares which can be hatched in a single column.
It is equal to the number of uniform intervals, wit-
hin the boundaries of stratigraphic unit under con-
sideration, multiplied by 3. Thus, FS is the ratio of
hatched area of the column of a given sedimentary
structure to the total area of this column.

Here is another example. Frequency-index of mud
cracks (FSme) in the section studied (Fig. 1), is 4 di-
vided by 10 X 3, where 10 is the thickness of B unit
expressed in terms of uniform intervals. The resul-
tant value is 4/30, that is 0.13.

No-structure index (NS) defined as

k
kz — 2 %
t=1

AV =
kz
where z is the same as above, 2’; is the area hatched
in the column used to record sedimentary structure
t,'and k is the number of all sedimentary structures
recorded in the gra,plhic log. Hence, NS is a ratio of
non-hatched area in all the columns to their total
area. This may be taken as a measure of an inter-
nal homogeneity of sediments.

In case of graphic log presented in Fig. 1, k is
5, and - non-hatched area equals 5 X 30 — (4 +
+12+12+10+4) = 150 — 42 = 108. Then NS = 108/150
=0,72.

Another useful index is frequency-index of con-
tacts (FC) given by

where a is the total number of contacts between di-
fferent rock types in a given section within the
boundaries of stratigraphic unit under consideration,
and [ is the total number of uniform intervals within
these moundaries. It means that I — 1 is the maxi-
mum number of contacts between different lithologies
“within the boundaries of an examined stratigraphic
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Fig. 3. The Lower Cambrian in Northern Poland:
frequency-index map of bioturbations (FSeiot)
a — sections examined -(boreholes).
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Ryc. 3. Dolny kambr w pétnocnej Polsce: wskasnik
czestotliwodci bioturbacji (FSpiot).
a — zbadane profile (wiercenia).

unit when both the bottom and the top contacts of
this unit are omitted.

With regard to the example shown in Fig. 1
(column LITHOLOGY), it can easily be found that a
is 6 and I is 10. Which means that FC = 6/9 = 0,67.

Variability of grain size can easily be characte-
rized by average maximum-grain size (MG) defined
as

I
oM,
=1

MG =
s !

where M; is-the largest dimension of maximum grain

observed in j-th uniform interval, and 1 is the total

number of uniform intervals in a given section wit~

hin the boundames of stratigraphic unit under con-

suieratlo"l ;

In Fig. 2 the maximum grains visible on the outer
surface of core fragment attain 1, 6, 7, and 2 milli-
metres in size respectively. As 'chere are 4 uniform
intervals, we obtain MG = (1 + 6 + 7 + 2): 4 =
= 16/4 = 4.0 mm

MG is clearly quantitative notion. The remaining
indices (FS, NS, FC), mainly semiquantitative in na-
ture, are relative measures and their values vary
w1th1n the range 0 to 1.

By the use of the above presented mdlces many
sedimentological properties, including even those
usually characterized only descriptively, can be easily

‘mapped. The numerical values -of the indices -are

simply plotted on due maps. . at location points of
sections examined and then contour lines are drawn.

An important reservation must be made here re-
garding " the interpretation of the maps showing va-
riability of the occurrence of sedimentary structures.
Frequency-indices of sedimentary structures are not
accurate, objective measures. Hence, when interpre-
ting the maps, exact values of the indices are not
so important as their lateral variability. First of all,
the arrangement of contour lines, and the distribu-
vion of local highs and lows, are of interest.

An interesting example of what can be achieved
with these techniques is given by the report on Cam-
brian marine transgression in Northern Poland (3).
The report was published last year by Geological
Survey of Poland. Fig. 3 shows the location of the
sections examined. It should be noted here that Lo-
wer Cambrian deposits encountered in Northern Po-
land occur at a depth ranging from 5 000 metres in

‘the west to 1 000 metres in the east. They have been

examined by means of deep boreholes. °

Fig. 3 demonstrates sketch-map of frequency-in-
dex of bioturbations. This map indicates areas of
relatively -slow and fast accumulation. The interpre-
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Fig. 4. The Lower Cambrian in Northern Poland:
map of no-structure index (NS).

Ryc. 4. Dolny kambr w pébinocnej Polsce: mapa
wskaznike braku . struktur sedymentacyjnych (NS).
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Fig. 6. Precambrian alluvial fans in Northern Poland
(Zarnowiec Series): map showing average maximum-
-grain size (MQG).

B — supposed Baltic fan, P — Pomeranian fan, C — Cie-
chanéw fan. a — escarpment in crystalline basement b —
boundaries of alluvial fans, ¢ — transport chrectlons

Ryc. 6. Prekambryjskie stozki aluwialne w pdétnocnej
Polsce (Sseria 2armowiecka): mapa S$redniej wielko$ci
ziarn maksymalnych (MG).

B — przypuszczalny stozek battycki, P — stozek pomorski,

C — stozek ciechanowski; a — skarpa w podlozu krystalicz-

nym, b — granice stozkéw aluwialnych, ¢ — Kkierunki
5 transportu.

tation follows from the fact that frequency of bio-
turbation can be taken as a simple measure of accu-
mulation rate. Leaving aside other factors such as
availability of food, aeration of bottom waters, bio-
turbation structures are produced mainly in the areas
of slow sedimentation. Of special interest is the fact
that this map (Fig. 3) presents quite different picture
than the map of mo-structure index (Fig. 4). The la-
tter is here interpreted as an illustration of the la-
teral variability in rate of deposition (not to be con-
fused with accumulation rate !). While accumulation
rate is a ratio of sediment thickness to the time-span
of the whole stratigraphic unit represented by this
sediment, the deposition rate is a ratio of sediment
thickness related to a single continuous process to
the time-span wof its uninterrupted, depositional
action.

Higher values of no-structure index correspond to
higher values of deposition rate. Distinct differences
between the patterns of contour lines visible on the
maps discussed (Figs 3, 4) indicate that sedimentary
environment of Lower Cambrian deposits in Norther::
Poland was characterized by highly varying accu-
mulation and deposition.rates. Such a situation is ty-
pical feature of tidal zones, which is in good agree-
ment with the general interpretation of the deposits
discussed.

The sketch-map shown in Fig. 5 demonstrates la-
teral variability of frequency-index of sedimentary

290

w V/R/ 0 40 80 120km
\
i Y
/“ - Y RN
KOSZAL\N \ n/ \ 1
e /\
Q

BIALYSTOK
™~ 1

2,

BYDGOSZCZ
n

ol o il

Fig. 5. The Lower Cambrian in Northern Poland:
frequency-index map of sedimentary deformational
structures (FSgey).

a — boundaries of granite massifs in crystalline basement
(after S. Kubicki, W. Ryka, J. Znosko, 4).

Ryc. 5. Dolny kambr w pétnocnej Polsce: wskaznik
czestotliwodci  sedymentacyjnych  struktur deforma-
cyjnych (FSaes).

a — granice masywéw granitowych w podlozu krystalicznym
(wg S. Kubickiego, W. Ryki, J. Znoski — 4).
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Fig. 7. Precambrian alluvial fans in Northern Poland
(Zarnowiec Series): frequency-index map of contacts
(FC). Explanations as in Fig. 6.

Ryc. 7. Prekambryjskie .stozki aluwialne w pétnocnes
Polsce (seria Z2arnowiecka): wskaznik czesto$ci kon-

taktéow (FC). Objasnienia jak na ryc. 6.

deformational structures. These are mainly load-
-casts and small-scale synsedimentary folds. It is of
interest to note that the arrangement of contour li-
nes in Fig. 5 entirely differs from those visible in
the maps of other sedimentary structures. At the
same time, the pattern of contour lines in Fig. 5
follows fairly well the outlines of granite massifs
occurring in the crystalline basement (cf. 4). The
massifs are surrounded and separated by younger
(Svecofenno — Karelian) metamorphic rocks. It is
believed that during subsidence of crystalline base-
ment in marginal zones of the massifs there were
small seismic tremors. Such tremors could act as
a trigger mechanism which released internal readjust-
ment movements in plastic deposits of different
density.

Fig. 6 illustrates the lateral variability of the ave-
rage maximum grain-size in the so-called Zarnowiec
Series, the Uppermost Precambrian. The Series was
formed in environment of alluvial fans. The pattern
of contour lines in Fig. 6 shows the directions of
transport of clastic material and location of feeding
point where this material was delivered into sedi-
mentary basin. The feeding point of the fan occu-
rring in Northern Poland was in the vicinity of
Gdansk, from where clastic material was radially
distributed.

The above interpretation is supported by that of
the sketch-map of frequency-index of contacts in the



Zarnowiec Series (Fig. 7). Frequeéncy-index of con-
tacts indicates how far depositional process had ta-
ken the ,opportunity” of arranging  alternately di-
fferent rock types. This is the ratio of observed num-
ber of contacts in a given section to the maximum
possible number of contacts in the section. The ma-
ximum possible number of contacts clearly depends
on adopted thickness of uniform interval. The discu-
ssed map (Fig. 7) clearly demonstrates the arrange-
ment of marginal zone of the fan occurring in Nort-
hern Poland. In the marginal or, more exactly, the
transitional zone between inner and outer-fan, various
deposits occur recurrently. That is why the values
of frequency-index of contacts increase towards this
zone.

Summarizing this short review of the application
of the techniques discussed, it can be concluded that
these techniques promise a reliable research tool.
Although extremely simple, they stem from the field
of mathematical geology. The latter meets rather di-
verse emotions of geologists. It should be emphasized
that the techniques presented here do not require
any special assumptions which are inevitable when
more sophisticated mathematical methods are em-
ployed. Such assumptions usually have one disadvan-
tage: they do not agree with geological reality. The
techniques discussed in this paper are free from that
irksome defect.

STRESZCZENIE

W jaki spos6b okreslic ,ilo$é¢” struktury sedy-
mentacyjnej? Jak wustalié czy proces depozycyjny
czesto miat ,,0kazje” do skladania na przemian roéz-
nych rodzajéow skal?

Niniejsza praca stanowi probe rozwigzania tych
probleméw. Wprowadzono "proste wskazniki nume-
ryczne umozliwiajgce ilo§ciowa ocene nastepujacych
parametrow sedymentologicznych: 1) wystepowanie
struktur sedymentacyjnych, 2) jednorodnos¢ wew-
netrznej struktury osadu, 3) zmienno$¢ rozmiaroéw
ziarn najwiekszych, 4) wzgledna czesto$¢ wzajem-
nych kontaktéw roéznych rodzajéw skal. Obliczenie
wskaznik6w wymaga zebrania wszystkich danych w
formie graficznych profildbw sedymentologicznych.
Profile te muszg by¢ zestawione zgodnie z metoda
odcinka jednorodnego. Sporzadza sie je osobno dla
kazdego badanego profilu geologicznego. Dzieki
wskaznikom omawianym w pracy niektére parame-
try sedymentologiczne, zwykle charakteryzowane je-
dynie opisowo, mogg by¢ tatwo skartowane. Wszyst-
kie obliczenia sg bardzo proste.

Przedstawione metody byly z powodzeniem stoso-
wane w badaniach osadéw prekambryjskich i kam-
bryjskich poéinocnej Polski.
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PE3IOME

Kak ' ycTaHOBUTDL ,,KOJIUYECTBO” CEAMMEHTALMOHHOM
TekeTypbl? Kak onpenenamTb, 9YacTO MM AEMNO3MUIMOH-
HBIII IpOLIeCC MMeJI ,,0Ka3Mio”’ CKJIagbIBATh IIONEPEMEHHO
pasHble THUOBI TOPHBIX nopoxa? Hacrodmas craTbsa
ABJIETCA IONBITKOM PEIIeHUs STUX BOIIPOCOB. IIpuBe-
IEeHBI IIPOCThIE YMCIIEHHbIE IOKA3aTeNV, KOTOPhIEe JeJaioT
BO3MOXXKHOJ KOJMYECTBEHHYIO OLEHKY CJeAyIOIIUX Cce-
JIVMMEHTOJIOTUYECKUX mapaMeTpoB: (1) pacnpocTpaHeHue
CeNMMEeHTAIMIOHHBIX TeKCTyp, (2) OOHOPOAHOCTL BHY-
TPEHHEM TeKCTYPBI 0CAJKOB (3) M3MEHYMBOCTH Pa3MEpPOR
caMbIx OOJbIIMX 3epH, (4) OTHOCKHTEJNBHAA dYaCTOTa
B3aMMHBIX KOHTAKTOB Da3HBIX TUIIOB TOPHBIX IIOPOJ.

Ons pacuéra 9TUX IapaMeTpoB Heobxommmo cobpa-
HJe BCeX NaHHBIX B (GOPMe rpadUIecKUX CeaVIMEHTO-
JTOTMYECKMX Pa3pe30B. OTU pa3pesbl CIeAyeT ‘COCTABIIATD
COTJIaCHO METOAY OOHOPOAHOTO MHTEepBala, OTAeJIbHO
IUIA Ka3KJOTO MCCJIEAOBAHHOIO Te0JIOTMYECKOT0o paspesa.
VYuurbiBasg NpUBEJEHHbIE B CTATbe IIOKa3aTejX MOFXKHO
KapTUPOBaThL HEKOTOPhIE CENMMEHTOJOTMYEecKMe Iiapa-
METpPbI, KOTOPBbIE [0 CMUX IIOP OBIIM XapaKTepu30BaHBI
TOJBKO ONMCATEJIbHBIM cmocoboM. Bce pacyérTsl OUeHB
mpoctble.  IlpencTaBieHHbIE B~ CTaTbe  METOABI
ObINIY yCIEIIHO NOpPUMEeHSeMble B MCCIENOBAHUAX J0-
KeMOpMIICKUX ¥ KeMOPMIICKMUX OCafKOB ceBepHON ITonb-
mm.






