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Abstract The average chemical composition of the crystalline rocks of Poland was calculated
on the basis of 1600 chemical analyses published and unpublished in the years 1900 —1974 Frequency
distribution curves for the major components were presented. From the frequency distribution of SiO, the
average composition of the commonest types of rocks — the acid mode and basic mode — was calculated
using mathematical statistics. These modes correspond only approximately to granite-rhyolite and
basalt-gabbro.

In geochemical literature tables of elements are successively published, pro-
viding information on the chemical composition of the earth’s crust and its major
units, as well as of the commonest types ofrocks. In view of the scope of such studies,
the selection of the basal material and computation methods. these tables are
a subject of much discussion and controversy.

Statistical computations of the chemical composition of rocks occurring in
various geological regions and countries are published as well. Moreover, at-
tempts were made to calculate the average chemical composition of the com-
monest types of igneous rocks. mainly of granite and basalt (Richardson, Sneesby.
1922: Clarke, Washington, 1924 Nockolds, 1954: Vinogradov, 1962: Turekian,
Wedepohl, 1961; Soloviev, 1970. and others).

The average chemical composition of the crystalline rocks of Poland (Table I,
column 1; Table 2, column 1) was calculated on the basis of all the available and
reliable data both published till 1974 and unpublished. The calculations comprised
igneous rocks and all types of metamorphic rocks that do not show direct evidence
of supracrustal origin. The products of low-grade metamorphism — phyllites,
sericite and chlorite schists. quartzites. marbles: contact metamorphic rocks —
skarns and hornfels; rocks subject to hydrothermal. hypergene and dynamometa-
morphic alteration were left out of account.

The choice of material was fortuitous. determined by the available collection
of chemical analyses. This collection was a result of accomplishment of various
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Ta bilegl
Average chemical composition of the crystalline rocks in g/t
Pendias, Soloviev Taylor Vinogradov Green Rsaanhl;z;r:;a,
Bompbincn Ryka (1970) (1964) (1962) (1959) (1952)
1 2 3 4 5 6
Si 275 900 297 400 281 500 - 295 000 291 000 277 200
Ti 6 000 3300 5700 4 500 4 400 4 400
Al 84 600 76 600 82 300 80 500 81 000 - 81 300
Fe 53 100 40 400 56 300 46 500 46 500 50 000
Mn 900 600 950 1100 1 000 1 000
Mg 23 500 22 300 23 300 18 700 17 000 20900
Ca 37 500 30 600 41 500 29 600 33 000 36 300
Na 24 300 26 000 23 600 25 000 25 000 28 300
K 22 800 23 600 20 900 25 000 25 000 25900
P 1100 400 1 050 930 900 1100
H* 1900 1 600
(0} 467 400 477 200 464 000 470 000 473 000 466 000
H* as H,0*.

research programmes and; frequently, of the interest in rare types of rocks that
petrographers are part{cular.ly eager to investigate. The collected analyses were
heterogeneous, made with different objects in view over a long time interval from

i 1900. In many cases they lacked de-
Average chemical composition of the crystalline terminations of some major elements or

rocks of Poland (1), acid mode and basic mode . £aps 0 petrographic determination
of a rock or its location. Therefore, the

(2), in wt % : :
material required careful selection, where-
Average |, A upon a collection of 1600 chemical ana-
S ci Basic lyses of crystalline rocks was chosen.
el mode mode Different methods can be used for
calculation of the average composition of
1 ) crystalline rocks. The desired values for
a selected area, including the earth’s crust
si0, 58.96 74.51 4851 are usually computed from the percentagé
TiO, 0.98 0.15 1.39 (or volume) of the basic types of rocks
ALO, 15.23 13.60 15.73 and their average composition (Seder-
Fe,0, 3.64 0.91 4.04 holm, 1925), sometimes taking into ac-
FeO 356 053 672 count their density (Shaw, 1967), or the
MnO 012 0.02 017 arithmeticmean (Clarke and Wasflington
MgO 3.89 0.39 6.42 1924). A combination of various methods
Ca0 523 117 9.08 was also proposed (Wedepohl 1969)
Na,0 326 342 316 Tgylor(l964) calculated the aver’agé che-'"
K,0 274 4.06 0.98 mical composition of the continental <
P,0, 0.26 012 | o2 crust combining averages for granites and
H,0° 1.66 0.63 1.47 basalts in the proportions 1:1 (Table 1%
= - colu(mn 3). Vlnqgradov.(t962) based the
53 99.51 97.90 average composition of igneous rocks in
the earth’s crust on the 2:1 ratio of acid
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rocks — granites, granodiorites, etc., to basic rocks — basalts, gabbro, etc. (Table
1, column 4). Similar averages for the igneous rocks of the earth’s crust were also
calculated by Green: (1959; Table 1, column 5), Rankama and Sahama (1952;
Table 1, column 6), and earlier by Polanski (1948), Goldschmidt (1937), Clarke
and Washington (1924), and others.

The average composition of the crystalline rocks of Poland was computed on
the basis of a random set consisting in 35% of chemical analyses of basic rocks
(basalt, gabbro, etc.), 52% — acid rocks (granitoid rocks, rhyolites, etc.), 47, —
ultramafic rocks, and 9% — other rocks, including »andesite”’, diorite, etc. The
ratio of acid to basic rocks was determined at 1.5:1, i.e. it was intermediate between
the proportions 1:1 and 2:1 assumed arbitrarily by Taylor and Vinogradov.

Averages for the crystalline rocks of Poland are close to those published by
Taylor (1964). Differences in the contents of Si, Ti, Al, Fe, Mg, Na are of the order
of 1—2%, Mn — 3%, P — 5%, and Ca and K up to 10%. It is worth noting that
the differences in the content of elements, particularly of Ca and K, in the crystalline
rocks of Poland are the smallest compared with Taylor’s data. In comparison
with the averages computed by other investigators (except those obtained by Solo-
viev), these differences are: 5% for Al, 7% for Si, 12% for Fe, 147, for K, 169 for
Na, 18% for P, 21% for Ca, 277, for Ti, 28% for Mg, and 339 for Mn. Marked
differences were noted between the average composition of the crystalline rocks of
Poland and the average composition of the igneous rocks of the USSR (Table 1,
column 2) which was published by Soloviev (1970). Particularly great discrepancies
were noted in the contents of Ti — 45%, P — 37 iMal =337 Eet 24%, and
lesser for Ca — 18%, Al — 9%, Si — 8%, Na — 7%, K — 6%, and Mg — 5%,

Frequency distribution curves for the constituents of the major crystalline
rocks of Poland are presented in Figure 1. Curves for magnesium and iron (ferrous
and ferric) show positive skewness (Ahrens, 1976a) whereas those for manganese
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Fig. 1. Frequency distribution curves for several elements in crystalline (magmatic) rocks of Poland
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and phosphorus show extreme positive skewness. The freqqency curves for alu-
minium and sodium are nearly normal or show slight positive skewness. Curves
for potassium and titanium are lognormal according to Ahrens’s law, which was
substantiated by a great number of analyses of igneous rocks from different regions
(Ahrens, 1963b). i

The frequency distribution of silica in the crystalline rocks of Poland (Fig. 2)
is composed, indicating two populations with maximum class intervals between
47.5 and 50.0% SiO, and 72.5—75.0% SiO,, which corresponds to the commonest
silica contents in basalts and granitoid rocks. On the basis of similar populations
in the frequency distribution of SiO, Richardson and Sneesby (1922) calculated
the composition of the commonest acid and basic rocks (acid mode and basic mode),
with the maximum SiO, percentage in the populations, 52.5% and 73% SiO,,
corresponding to the composition of basalt and granite. These authors based
their calculations on Washington’s collection of superior analyses of fresh rocks
from the years 1884 —1913. The frequency distribution curve for silica (Fig. 2)
obtained by Richardson and Sneesby (1922) is similar in shape to the histogram
of silica distribution in the crystalline rocks of Poland. It differs from the latter
in a somewhat lower percentage of ultramafic rocks and a higher content of inter-
mediate rocks. The frequency maxima of the two populations in the crystalline
rocks of Poland, computed by various statistical methods, showed values of 48.52 9
SiO, and 74.529%, SiO, and served as a basis for calculation of the acid mode and
basic mode (Table 2, column 2; Table 3, column 1). The results were found to
deviate substantially from the average composition of the basalts and granites
of Poland, for which the initial data were taken from the literature, basing on the
information that they belonged to granites or basalts. These differences can be
accounted for by inaccurate petrographic naming of rocks.
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Dashed line — bimodal curve after Richardson rocks of Poland. Bending corresponding to
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rocks of Poland (Fig. 2),quency distribution of silica percentage in the crystalline
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a result of two or even three sets re
. s presented by curves
X, Y and X'. From the inclination of these curves it is evident that set Y shows
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Table 3
basalt
13 800
78 000
86 500

1 500
46 000
76 000
18 000

8 300

1100

230 000

lowcalcium
granite
347 000
1200
72 000
14 200
390
1 600
5100
25 800
42 000
600

Turekian, Wedepohl (1961)

highcalcium

granite
3 400
82 000
29 600
540

9 400
25 300
28 400
25200
920

~ 314 000

basic mode

245 200
88 600
74 400
36 200
64 300
22 300

8 300
427 700

Richardson, Sneesby (1922)

340 900
77 600

11 000
1200
3800

29 700

29 000
481 800

acid mode

basalt
229 100
8 300
95 500
87 100
2 400
37 200
64 000
23100
12 600
1900

1 800
437 000

Daly (1933)

granite
327 700
" 2400
80 200
24 800
900
5300
14 200
25 800
34100
800
900
482 900

Mode chemical composition of crystalline rocks, in g/t
basalt
240 000
9 000
87 600
85 600
600
45 000
67 200
19 400
8 300
1 400
435 000

200

5 600
15 800
27 700
33 400

000
700

Vinogradov (1962)
27 000

granite
2 300
77

323 000
487 000

8 400
89 200
81 600

1 400
39 500
66 500
23 900

300

1 000

1 600

8
446 600

232 000

basic mode

Pendias, Ryka

acid mode
349 700
900
75 700
10 500
200
2 400
8 400
25 500
33900
500
700
491 600

po-

nent
Si
Al
Fe
Mn
Mg
Ca
Na
K
(0]

H* as H,0*.

Com-




the least, set X intermediate, and set X" the greatest dispersion. It also follows from
the diagram that the curves become discontinuous at 52.4% SiO, and 69.5% Si0,,
and the frequency maxima of the sets are at 53% SiO, for X, 589 SiO, for X’, and
689, SiO, for Y.

From the slopes of curves X, X" and Y normal curves were plotted (Fig- 4).
The cumulative frequency distribution (Fig 5) obtained from the normal curves
(Fig. 4) indicates that curves X and X" are smoothed, and that the cumulative curve
becomes discontinuous at 68% SiO,. The shape of the curve at the dispersion X > Y
gives a distribution of negative skewness, and it appears that from the cumulative
frequency distribution (Fig. 5), a lognormal distribution can be obtained (Fig. 6).

In fig. 4 curve X represents the frequency distribution of SiO, for the basic
mode, but only the left-hand side of the curve is true because on the right-hand
side it exceeds 70% SiO, while the percentage of this component in basic rocks
cannot be more than 53—55% SiO,. On the other hand, curve Y for the acid mode
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is only true for the right-hand side of the diagram because on the left-hand side it
should not exceed a value of 63—65% SiO,, which is a limit characteristic of inter-
mediate rocks. The points of discontinuity on the cumulative frequency distribution
curves (Fig. 3) appeared to be extremely helpful for the explanation of these am-
biguities as they permitted constructing juxtaposed truncated normal curves (Fig. 7)
for the three-set SiO, distribution. Accordingly, the arithmetic means for the acid
mode were computed for a set above 69.5% with the maximum frequency at 74.527%,
Si0,, whereas the arithmetic means for the basic mode — for a set below 54.5%
with the maximum at 48.529%, SiO,.
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Henryk PENDIAS, Waclaw RYKA

SREDNI SKLAD CHEMICZNY SKAL KRYSTALICZNYCH POLSKI

Streszczenie

Przecietny sklad chemiczny skal krystalicznych Polski obliczono na podstawie
1600 wynikéw analiz chemicznych nie publik'owanych i opublikowanych w latach

1900 — 1974. Obejmuje on skaly magmowe 1 metamorficzne, jeSli nie ujawniaja
one wyraznego pochodzenia suprakrustalnego. Stwierdzono, 7e przecigtny skiad
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chemiczny skal krystalicznych Polski (tab. 1) jest podobny do danych opubliko-
wanych przez Greena (1959) oraz zajmuje posrednia pozycje pomigdzy wynikami
obliczonymi przez Taylora (1964) i Vinogradova (1962), czyli odpowiada stosunko-
wi 1.5:1 skal kwasnych do zasadowych.

Krzywe rozktadu MgO, Fe,O,, FeO, MnO, P,O,, AL,O, i Na,O (fig. 1) wskazuja
na rozklady dodatnio skosne z wyjatkiem lognormalnych rozktadow K,O i TiO,.
Rozkiad SiO, wskazuje na dwie populacje o maksymalnych przedziatach klaso-
wych 47,5—50,0 oraz 72,5—75,09,. Metodami statystycznymi obliczono ekstre-
malne punkty krzywych tych populacji — 48,529 oraz 74,529, SiO,, jakie byly
podstawa obliczen modelu skal kwasnych i zasadowych (tab. 3).

Z wykresu czestosci kumulatywnej SiO, (fig. 3) wynika, ze zlozonos$¢ rozktadu
jest wynikiem nalozenia si¢ trzech zbioréw, ujawniajacych si¢ za posrednictwem
krzywych X, X" i Y. Na podstawie nachylenia tych krzywych wykreslono krzywe
normalne (fig 4). a w dalszej kolejnosci sporzadzono wykres czgstosci kumula-
tywnej (fig. 5), wskazujacy na wyréwnanie X i X oraz poznane juz wczeSniej za-
tamanie krzywej kumulatywnej przy zawartoSci 6879, SiO,. Przy dyspersji X > Y
uklad jest skosnie ujemny i z czgstosci kumulatywnej mozna otrzymaé rozktad
lognormalny (fig. 6).

Krzywa X na figurze 4 dla modelu skat zasadowych jest prawdziwa tylko po
lewej stronie, bowiem po prawej przekracza zawartos¢ 70% SiO,, podczas gdy dla
sk’al zasadowych nie moze by¢ ona wieksza niz 53 —559%, SiO,. Z podobnych wzgle-
dow krzywa Y modelu skal kwaSnych jest prawdziwa tylko po prawej stronie,
bqwu:m'po lewej nie moze ona przekracza¢ wartosci granicznej ze skalami obojetny-
mi okresla}nej na 63 —65%, SiO,. Do wyjasnienia tego problemu niezwykle pomocne
okazg{y sie punkty zatamania czestosci kumulatywnej (fig. 3), ktore pozwolily na
wdznelenxe glownych uktadow trzonowych (fig. 7) normalnych krzywych tréj-
zblorowego ukladu SiO,. Z tego tez wzgledu $rednie arytmetyczne modelowych
skz’ﬂ l;wgsnych obliczono dla zbioru powyzej 69,5% przy maksimum 74,52% Si0,,
a Srednie arytmetyczne modelu skal zasadow i izej 9
maksimum, 48.57% $10. ych dla zbioru ponizej 54,59 przy
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Xaupoik MEHAWAC, Baynae PbIKA

CPEAHUNA XMUMUYECKUMN COCTAB
KPUCTANNNTUMYECKU X MOPO4 MOJbWN

Pesome

CpeaHuit XMMUYECKHIl CoCTas KpucTannuuyeckux nopoa [Monbwm 6Geun Bbi-
yucneHn Ha ocqoeanuu 1600 onyBnNUKOBaHHbBIX U HEONMYBNUKOBAHHBIX XUMUYECKUX
aHanu3oB, KoTopble 6binn caenawsl ¢ 1900 r. no 1974 r. Usyyenuro noaeepranuce
npeobpaxEHHblE W MarMaTMYecKue MOPOAbl, €CNIU OHU He MNPOABMANU ABHOMO
CynpaKpUCTannU4eckoro NpoucXoXAeHus. beino obHapyxeHo, 4To cpeaHun
XMMUYECKMIA COCTaB KpucTannuueckux nopoa Monbuwm (Tabn. 1) noxox coctasy,
koTopblit u3yunn FpuH (1959), n HaxoauTca mMexay COCTaBOM Mo Tanopy (1964)
1 Bunorpagosy (1962), 370 03HauaeT, 4TO COOTHOLLEHUE KUCTIbIX NOPOA K OCHOBHbBIM
pasrHo 1,5:1,0.

Kpuebie pacnpeaenenns MgO, Fe,O, FeO, MnO, P,O,, Al,O, n Na,0O (dur. 1)
CBMAETENLCTBYIOT O TOM, 4TO 3TO MOMOXMTENbHOE HAKNOHHOE pacnpefeneHue.
NcknroueHneM aBnseTcs norapubMUyecko-HOpManbHoe pacnpeaeneHue K, O u
TiO,. Pacnpeaenenue SiO, cBMAETENbCTBYET O ABYX CeMbAX C MAKCUMANbHbIMM
KNaccoBbIMA MHTepeanamu pasHbiMu 47,5—500 u 72,5—75,0%,. lpu nomowwu
CTaTUCTUYECKUX METOAO0B ObINM BbIYMCNEHbl IKCTPEeManbHble TOYKA KpUBbLIX
>Tux cemeicTs — 48,529 u 74,52%, SiO,. CTanu OHM OCHOBOW BbIYUCIIEHUA
MOAENU KWUCAbIX U OCHOBbIX nopoa (Tabn. 3).

Mo rpacduky kymynaTusHoi 4acToTbl SiO, (dur.3) 6bino obHapyxXeHo, 4To cnox-
HOCTbL pacrnpepeneHns oByCioBNEHa HaNOXEeHWEM TPEX MHOXECTB, KOTOpbIE Bbi-
penstoTca kpuebiMu X, X', Y. Ha oCHOBaHWM 3TUX KpUBbIX BbINK BbIUMCIEHbI HOP-
ManbHble Kpueble (dur. 4), a NoToM 6biN NOCTPOeH rpaduk KYMYNATUBHOW 4acCTOTbI
(dur. 5), N0 KOTOPOMY BUAHO ypaBHUBaHME KPUBbIX X U X’, a TakKe BUAHO paHbLue
M3yYeHHOE NepenoMneHne KyMynaTUBHOW KPUBOM Npu COAEPXaHMM SiO, 68%.
Mocne aucnepcun X >Y cucTeMa CTAHOBWUTCA OTpULIAUENBHO HaKNOHHOW, a no
KYMyNATMBHOW YacToOTe MoMyvaeM NorapuMuyecko-HopManbHoe pacnpeaeneHue
(dur. 6).

Kpueas X Ha ¢urype 6 Ans MOAENM OCHOBHbIX MOPOA NPaBAUEA TONBKO C nesow
CTOPOHbI, TaK KaK C NPaBoW CTOPOHbI OHa BonbLue COAEPXAHUA SiO, pasHoro 70%,
a ANA OCHOBHbIX NOpOA He MOXeT npesbiwaTs 53—55%; SiO,. Mo cxoXxum npu-
4MHaM KpuBas Y MOAENM KMCMbIX MOPOA MpaBAUBA TOMbKO C NpaBoli CTOPOHbI,
TaK KaK C NeBOW HE MOXKET NPEBbILIATb BENMUNHbI HA FPaHULLE C HEHTPANbHbLIMM NO-
popamu, onpeaensemon Ha 63—65%, SiO, [Ana obbAcHeHua 3Toit npobnemsl
OuYEHb NOACOBHBIMA OKa3aNMCh MYHKTbl NEPENOMNEHUA KyMYNATUBHOM 4ACTOTbI
(ur. 3), KOTOpble MOMOTNM BbLIAENUTL FNaBHbIE CTEPXHEBbIE CUCTEMbI (dur. 7)
HOPMANbHbIX KPUBbIX TPEXMHOKECTBEHHON CUCTEMbI SiO, [otomy cpeanue
apuMeTUUECKHE MOAENbHbIX KUCIbIX NOPOA BbinU BbIYMCNEHE! ANA MHOXECTEA
cebiwe 69,5%, ¢ Makcumymom npu 74,52%, SiO, a cpeauue apugpmMeTHyeckue
MOAENU OCHOBHbIX MOPOA ANA MHOXeCTBa MEeHblue 54,59, ¢ MakcuMyMOoM nNpu

48,52%, SiO,.
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OBBACHEHUA K ®UTYPAM

. KpuBbie pacnpeaeneHus 4MCNEHHOCTM ANA HECKONbKUX 3NEMEHTOB B KPUCTANNUYECKUX

(MarmaTuyeckux) nopoaax [Monbuwm

. TUCTOrpaMMa pacnpeaenenus YMCNeHHoCTH SiO, B KPUCTANNMUECKUX (MarMaTHyeckux) nopo-

pax Monbwu. MMyHKTMPHaR NMHMA — ABYXMOAanbHas Kpueas no PuuyapacoHy u CHubu (1922)

. Pacnpepenenue KyMynATMBHbIX uucnenHocTed SiO, B KpucTannmuyeckux (MarmMaTuyeckux)

nopoaax Monbwu. Buawo nepenomnenue cooTeeTcTeyloliee 52,4 n 69,5% SiO,

. PeKoHCTpPYMpOBaHHbIE KpHBbIE HOpManbHOro pacnpeaenexua SiO, cooTseTBCTBYlOWME OAM-

HOuKbIM oTpeskaM npaMbx X, X u Y (¢ur. 3)

. Pacnpeaenenue KyMynATMBHbIX YMCNIEHHOCTEH NOrapuPMOB NPOUEHTHOTO COAGPXKAHMA SiO,
. TucTorpamma pacnpeanenenus uucnenHoc™ SiO, nonyueHwas Ha OCHOBaHWM Gurypel 5 (3a-

WTPHXOBAHHAA 30HA), HANOXKEHHEA HA TUCTOTPaMMy PacnpeaeneHus 4ucnewHocTu (pur. 2)

. HanoxeHHble, obpesannble KpuBble HopManbHoro pacnpegenewus X, X' u Y




