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Abstract: The execution of gravity measurements requires the determination
of density distribution of geological formations above the reduction level. The co-
rrect solution of this problem is of particular importance in the case, when the cri-
stalline rocks of great density differentiation appear above the reduction Ilevel
Then it is necessary to establish the special method of determination of density
distribution. Such method, elaborated by the present authors was tested on the
granitic massif of Karkonosze (Lower Silesia).

INTRODUCTION

To calculate Bouger anomalies one should know the density distribu-
tion within geological formations occurring above the reduction level.
In areas where sediments of fairly uniform density lie horizontally or
subhorizontally above this level — which usually is equivalent to the
sea level — the problem is relatively simple (A. Dabrowski,
7. Kaczkowska, 1965, Z. Fajkiewicz, T. Rejman, 1965). For
this purpose sufficient data may be obtained by density measurements
carried out on core samples from a few wells. The situation is different
in areas where crystalline rocks of varying densities of vertical or almost
vertical lithological boundaries occur above the reduction level. In such
cases special methods should be applied to learn the density distribution.
In Poland, in the Lower Silesia region differentiated crystalline com-
plexes occur above the sea level. In connection with this the Geological
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Institute initiated preliminary studies which would enable to find an
adequate method (collective work, 1962). The project has been elaborated
by the present authors in cooperation with Mr. and Mrs. M. and J. Sz a-
lamacha of the Lower Silesian Branch of the Geological Institute in
Wroclaw. The examinations have been carried out by the Second Labo-
ratory of Physical Parameters of Rocks under the supervision of R.
Blus (Enterprise for Geophysical Prospecting).

METHODS

As already mentioned the densities of certain crystalline complexes
of a differentiated petrographic character may vary within broad limits.
The lithological boundaries are usually sharp and vertical or subvertical.
Thus, contrary to the areas where sedimentary rocks occur, the principle
of continuous horizontal changes in density does not apply here and it
should be assumed that the density values change stepwise at the bound-
aries of complexes petrographically different. In consequence the bound-
aries between the complexes should be defined. Also it should be learn-
ed whether the density distribution within one given complex is random
and can be characterized by an average value, or there is a certain pat-
tern in the density distribution and it can be represented by isodenses.

A geological map of appropriate accuracy can be used for finding the
boundaries between the complexes.

To learn the regularities of the density distribution within the given
complex the density measurements should be carried out on samples of
predominating rocks. The Karkonosze Mountains and their cover for
which detailed geological maps are available have been chosen for the
experimental area.

The boundaries between the complexes have been defined on the basis
of 1:200 000 map of Lower Silesia elaborated by L. Sawicki (1965).

Subsequently on consultations with Mr. and Mrs. M. and J. Szata-
macha, twenty eight natural exposures and quarries of rocks predo-
minating in the given complex have been selected. Whenever possible
the sampling followed a regular grid pattern. The number of samples de-
pended on the size and accessibility of the exposures and varied from 15
to 305 pieces per one outcrop. The distance between the sample locations
ranged from one to several meters. A detailed sketch with sample loca-
tions plotted has been made for each exposure. Such ,,mapping” provided
material which was expected to answer following questions:

1. what are the differences in densities among the certain petrographic
rock types /Within the given exposure (random or regular distribution,
horizontal or vertical changes).

2. particularly whether or not a difference exists between the upper
wheathered and the lower less altered portions of the rock.




105

3. how many samples are necessary to calculate the average density
value characterizing the given rock type with adequate accuracy.

The density measurements have been carried out in the field labora-
tory of the Second Laboratory of Physical Parameters of Rocks (Enter-
prise for Geophysical Prospecting), the GS-2 density meter being used.
This instrument enabling direct density measurements in g/cubic cm does
not require additional calculations. It has been constructed at the Enter-
prise for Geophysical Prospecting. The accuracy of the measurements
is 0.01 g/cubic cm.

DATA PROCESSING AND ANALYSIS

Sketches of the exposures (fig. 1—4) have been marked with density
values determined in the laboratory and subsequently isodenses have
been drawn every 0.05 g/cubic cm. As shown by the chaotic pattern of
the isodenses the density distribution is irregular both horizontally and
vertically. It can be assumed that the density of certain petrographic
rock types depends only on local variations in mineral composition. This
is also indicated by the fact that rocks fairly uniform as to their mineral
composition (granites, gneisses) are characterized by fairly stable densi-
ties, while petrographically differentiated rocks (schists) show bigger dif-
ferences in density. No density changes that could be related to the
degree of wheathering or the rock’s pre- metamorphic structure (bedding,
folding etc.) have been observed.

The arithmetic and modal mean values based on the measurement
results have been calculated for the separate exposures. The values are
listed in Table 1.

The modal mean values have been defined by constructing Gauss
curves (figs. 1—4). Most of the curves show only one maximum thus
indicating that none of the rocks examined contains two or more classes
of different density values.

In general the modal means equal the arithmetic means or these two
values differ only slightly. Only in five cases the difference exceeded
0.03 g/cubic cm. To establish a minimum amout of measurements
necessary for defining an adequately accurate average density for the
separate rock types, diagrams have been completed, the number of
measurements being plotted on the abscissa, the mean value on the ordi-
nate (fig. 1—4). These diagrams show that the minimum number of
measurements necessary for the determination of the average density
varies depending on the rock type.

At the assumed average accuracy of 0.01 g/cubic cm this amount
varies from five measurements for fine-grained gneisses to 240 measure-
ments for chlorite-sericite phyllites with pyrite admixture. The calculat-
ed average values have been plotted on a map with marked sample




106

moretwrod 10§01l PO 10§01S98 [STUPAIS 10§0JIBM TOJOUZI[BZ SOINAM — D essned) emAzZIY — ¢ wo/8 M 10501sD8 Is0jaem I

B3U9POZI — T [gW/3 M 10503838 9g0taem 1 13qoxd erueiqod dosforw — [ "SURMOUIWRIONUSID AS{OUN) "9 IU IMAINPO OIS — V ..H 81
oljel SJUSWDINSBIW JO JIQUINU/A}ISUSP JO

dnjeA Uedw 9y} JO WeISRIP — D 9AIND ssnen — g ‘wd dIqno/g Ul L}ISUSP JO ON[RA dY) PUB 3SUIPOST — g ‘WO OINI/8 Ul LJISuUsp

JO aneA 93y} pue jno udye} Sem ordures 9y} sxoyYm doe[d — T 'sOSSIOUS pojeuTwWR[-A[AUL] ‘9 ON dInsodxe 9y} Jo YdeyS — V I "Si4

W¥0 04 094 0SL  ork 06s  0Zi Ok ook UOf og o4 99 o8 oy 0f 92 o
@ . . 09¢
: : - N e —rr— . . P —
o6e
7 e
.
“ 93
‘ -
l o

) m,«« A.N .c_N MW
T o
S \ -
3 )
j
: o
I
1
! (24
[
l
! rog
|
| [
T | 4
//, N !
] \ N _
——
N — T
§ !
|
] 09
|
)
04

%



107

moretwod 10§OIT PO 10501598 [o1UPSIS 10§0}IBM 10S0UZIBZ SAIYAM — ) ‘essned emAziyd — ¢ WO/3 M 10503558 9§0}IeM T
BSUIPOZI

g ‘eu0/8 M 10503893 osojrem I 1yqoxd eruexqod Losforwr — [ ‘omojLrorpourid Asfour) g JU IHMAINPO QE\NW — VvV ‘g ‘811

OIjeI SjusWaINSEBaW JO

JaquInu/A£}ISusap JO anjeA UBSW 9y} JO WRISRIP — F (9AIND SSNeY — ¢ (W dIqno/8 Ul A}ISUap JO SNJeA Y} pUR 9SUIPOST — g ‘WD 21qNnd/S Ul

£11SUSP JO 9nJeA 2y} pur jno usye} sem Srdwes oY) sIoym d0e[d — T "S9SSI2US 9jLIoIpouRIy) ‘g ON 2iInsodxo 9y} Jo UYo}eyS — V 'Z ‘814
LYo 054 %m\

Osi 0zx  Ou 004 05 QF 04 8§ 4§ 07 0E  0r O}
@

woe ~

Foz

rog

ko1

%



morerrod I0§0TI PO 10503558 [OTUPDIS 10SOJIEM ID$OUZOIBZ SOINAM — D) ‘essner) BMAZIY — g ‘Wo/8 M 10501558
9501IBM T BSUSPOZI — 7 WD/ M 10501898 9s0jrem I 1¥qoxd eruerqod 9os(atwl — T A}I[[LJ-AZRES0ICZS "6 JU IMMAINPO 21YzZS — V ‘¢ 814
OIjBl SJUdWRINSBOW JO Joquinu/A}Isusp JO
anN[eA UBIW 9y} JO WeIZeIp — D (9AIND SsneH — g ‘wd 21gqnd/3 ul L}ISUSP JO 9N[BA Y} PUB 9SUIPOSI — g ‘WD 2IqNo/3 Ul
£11SUSP JO an[BA 29U} PUR jno udye} sem ojdwes 9y} aI1oym ade[d — T ‘SOH[[AYd-soxpemAiain ‘g oN ansodxd 9y} Jo UYo9yS — V ‘¢ ‘SId

¢
4 moN
YXO04) 0% 08)  OW 08 0z oM 00 a5  of 04 09 s 0y A 04
@ g ey "Iub‘lltll‘lll.\l 4 ° : -IQI|I
s 3 S——  — (/A4 { (o]
8
| t .
‘ w5z~ ol wgy REsY

MNNI 003 .

woff e 67 82 42 82
! : Vo
= @ m o
]
I ) " . e
I _
i " o
W }
i “ L gy
I _
H}. L 0§
“

108



109

moaeiwod 10SO[T PO 10503538 [SIUPaIs [0§0}IBM TOSOUZI[RZ SAIHAM — D ‘essnen emAziy — g (Wo/8 M 1050JS98 J50}IBM T BSUSD

-0zZI — g {pW0/8 M 19503858 9sojrem 1 Iooxd eruelqod 20sfoTwr — T SIYSINQUNI-OYSIDZI L}Iuern 'O IU INMAINPO OIHZS — V § 'S4
oljel SJUSWINSEIW JO J3q .

-wInu/£}1SUSP JO SN[BA UBSW 3y} JOo WRISRIp — D {9AIND ssnedH — g {wo o1qno/3 ul £JISUSp JO aN[eA dYj} puUB ISUIPOST — g ‘WD d1No/8 Ul

£}ISUSp JO on[eA Y} pue jno udje} sem ordwes 9y} aI9ym 9oe[d — [ 's9}IURIS JInquny-eIdz] ‘0T ON d9Insodxs sy} Jo Yd239¥S — V % "814

yle oo 09 0§ 0y 0 05 U

. »  e— - 1Q T

0%
cwI/6

0¢

o

0§

09

§\o



110

locations (fig. 5). This map shows that not enough exposures have been
examined to define the nature of density ditribution within the separate
rock complexes.

Table 1
Minimum
Exposure numbe r
No Number | Modal Arith- |of mea-
of mean metic surements
Rock type samples mean necessary
to define
the arith-
metic ‘
mean
1 | Fine-grained gneisses 16 - 2,61 - 5
2 Leucogranites 40 2,57 2,60 ?
) Quartz breccia 180 2,62 2,61 110
4 Mica schists 190 2,72 2,75 120
5 Augen-lenticular gneisses 60 2,57 2,60 50
5 Finely laminated gneisses 170 ‘ 2,63 2,61 130
7 Quartzitic mica schists . 175 2,63 2,62 60
8 Granodioritic gneisses 160 2,65 2,67 80
9 | Greymackes-phyllites 170 2,70 2,68 160
10 Izera-Rumburk granites : 75 { 2,63 2,60 10
11 Basalts 42 2,95 2,82 ?
12 Granites, gneisses 108 2,57 2,57 20
13 Gneisses ‘ 105 2,58 2,58 60
14 Porphyritic granites 145 2,63 2,63 60
15 Finely laminated gneisses 40 2,73 2,73 20
16 Sericite-chlorite phyllites 150 2,75 2,65 120
17 Greenstones 68 2,9 2,91 v 50
18 Crystalline limestones
greenstones 140 2,75 2,74 120
19 Dolomitic marbles 100 2,82 2,82 ?
20 Chlorite~hornblenda greisses 160 2,63 2,63 60
21 Amphibolites 245 2,65 2,71 110
24 Cataclasites ’ 125 2,75 2,70 100
26 Sericite~chlorite schists 305 2,70 2,68 240
) with pyrite
27a Amphibolites 100 2,95 2,91 80
27b Mica schists 50 2,94 2,94 20
28 Granites 50 2,58 2,59 30
- —
Fig. 5. Map with marked sample locations. 1 — schists; 2 — gneiss (Izera Block);
3 — Karkonosze granite; 4 — East Karkonosze structures; 5 — basalte; 6 — expo-
sures number; 7 — mean value of density in g/cubic cm
Fig. 5. Mapa z lokalizacji miejsc pobrania prébek. 1 — tupki metamorficzne; 2 —
gnejsy (blok Izerski); 3 — granit Karkonoszy; 4 — struktury wschodnich Karko-
noszy; 5 — bazalty; 6 — numer odkrywki; 7 — S$rednia warto§¢ gestoSci w g/cm?
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FINAL CONCLUSIONS

The experimental density examinations of the crystalline rocks of the
Karkonosze Mountains and the adjacent areas resulted in the following
conclusions:

1. No relations between the wheathering and the density changes have
been recognized, consequently it is not essential whether the samples
come from the upper or from the bottom parts of the exposure.

2. No regularities in density distribution related to the original structure
of the rock have been observed. Thus a systematic ,,mapping” of the
exposures is not required and the samples may be taken from casual
points of the exposure.

3. The amount of samples should depend on the rock type. For this
purpose the experience gained by the authors and reported in the pre-
sent paper should be utilized.

4. For future examinations a bigger number of exposures within the
given rock complex should be sampled. The number of samples should
be sufficient to establish the nature of the density distribution within
the given complex.

Enterprise for Geophysical Prospecting

ul. Stalingradzka 34, 03-801 Warszawa, Poland
Geological Institute

ul. Rakowiecka 4, 02-519 Warszawa, Poland
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STRESZCZENIE

Wykonywanie pomiaréw grawimetrycznych pocigga za sobg koniecz-
nosé ustalania rozkladu gestoéci utworéw geologicznych wystepujgcych
nad poziomem redukcji. Wlasciwe rozwigzanie tego zagadnienia jest
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szczegdlnie wazne tam, gdzie nad poziomem redukcji znajdujg sie skaty
krystaliczne o duzym zroéznicowaniu gestoSciowym. W takim przypadku
nalezy opracowa¢ specjalng metodyke okreslania rozkladu gestosci. Meto-
dyke takg, opracowang przez autor6w niniejszego artykulu, wyprébowa-
no na obszarze masywu granitowego Karkonoszy (Dolny Slask). Na pod-
stawie mapy geologicznej wyrézniono kompleksy skat jednorodnych
petrograficznie. Korzystajgc z naturalnych odslonie¢ i kamieniolomow,
pobierano probki tych skal dla okreslenia laboratoryjnego ich gestosci.
Zebrany material pozwolil ustali¢, ile probek malezy pobiera¢ dla poszcze-
gblnych typow skat celem okreslenia sredniej wartosci gestosci. Okazalo
sie takze, ze ilo$¢ wykorzystanych odkrywek i kamieniolomow byla mie-
wystarczajgca dla sporzgdzenia mapy rozkiladu gestosci.
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ul. Stalingradzka 34, 03-801 Warszawa
Instytut Geologiczny
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