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Abstract. Abundant small grains and aggregates of amber have been found
in the Upper Cretaceous sediments of the North-Sudetic basin. They occur in a thin
brown-coal seam within the Santonian coal-bearing formation. Amber was investi-
gated using optical methods and IR absorption spectroscopy. IR spectra have revealed
‘hat amber from Bolestawiec is made up of aromatic rings with aliphatic branches
consisting of carboxyl, phenol, alcohol and ester groups.

INTRODUCTION

According to the ICCP lexycon (Stach 1975), the name of amber is gi-
ven to fossil resin forming independent concentrations in sedimentary
rocks of the geological formations of different age. In Poland fossil resins
have been reported from the Upper Carboniferous coals, the Palacogene
flysch sediments of the Outer Carpathians, the Miocene sediments of the
Carpathian Fore-deep and from the Tertiary formations occurring in the
northern and central parts of the country (Niedzwiedzki 1908; Czeczott
1962; Zalewska 1964, 1974; Wozny 1966; Urbanski et al. 1971). They have
been described under different names such as succinite, rumanite, delaty-
nite or gedanite. The occurrences of amber in Cretaceous deposits have
reported mainly from America (Langenheim, Beck 1965; Langenheim 1969):
the United States (Maryland, South Carolina) and Canada (Mamtoba). Fos-
sil resins from the Upper Cretaceous of Czechoslovakia (Moravska Trebova,
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Boskovice), referred to as neudorfite and walchowite, were Flescribed by
Ratajczak (1968). A new locality with amber has been fouqd in the Uppe\r
Cretaceous coal-bearing formation in the North-Sudetic basin (SW Poland).

GEOLOGICAL POSITION OF AMBER

The Upper Cretaceous deposits in the North-Sudetic basin formed in
the period between the Cenomanian and Santonian. They attain a thickness
of about 1000 m, outcropping in several localities, e.g. near Bolestawiec
and Lwowek. Complete profiles of those sediments were obtained from
the data yielded by numerous boreholes drilled both in the marginal and
central parts of the basin. The sequence of beds, their lithology and fauna
were studied by several authors (Milewicz 1956, 1970; Mazur, Milewicz
1958; Alexandrowicz 1971, 1976). On the basis of their investigations, the
following lithostratigraphic units can be distnguished (Fig. 1):
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Fig. 1. Locality and stratigraphical position of Upper Cretaceous amber from SW
Poland
S — profil of upper Cretaceous in North Sudetic basin, 1—7 — lithostratigraphical units descri-
bed in text; I, II, 1II — lithological profiles of brown coal formation in three selected boreholes,
1 — clays, white and red kaolins, 2 — grey clays and claystones, 3 — seams of brown coal, 4 —
occurrence of amber, 5 — sandstones, 6 — marls and marly shales, 7 — triassic limestones

el =3 medium- and coarse-grained sandstones, assigned to the Cenoma-
nian,
2 — marl and calcareous mudstones with Actinocamax plenus Bl., Ino-
ceramus labiatus Schloth. and Rotalipora cushmani (Morrow), representing
the uppermost part of the Cenomanian and the Lower Turonian,

3 — thick-bedded, medium- and coarse-grai 1
gl [igiabended mefim: rse-grained sandstones with local
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4 — marls and shales with intercalations of calcareous mudstones, con-
taining a fairly rich fauna which points to Upper Turonian and Coniacian
age (Placenticeras orbignyanum Geinitz, Inoceramus latus Sow., Globo-
truncana coronata Bolli),

5 — white fine- and medium-grained sandstone with a poor Coniacian
fauna, :

6 — dark-grey clay shales with pelecypodal fauna (Cyrena cretacea
Dresch.), containing mudstone and sandstone intercalations and a few thin
brown-coal seams (Santonian),

7 — clays and white, grey and red kaolins with numerous intercalations
of medium- and coarse-grained kaolin sandstones (Santonian).

The above complex of sediments consists of two distinctive parts (Fig.
1). Its lower members (1—5) are represented by marine deposits regarded
to be of Cenomanian, Turonian and Coniacian age whereas the upper mem-
bers (6, 7) formed on the continent, after the regression of the Cretaceous
sea. The regression took place about the end of the Coniacian, after the
deposition of white sandstones (member 5), giving rise in the area of the
North-Sudetic basin to a flat, marshy land bordering from the south a sea
bay which covered the area of Zary pericline and North Lusatia (Alexan-
drowicz 1976). The warm climate of the Santonian promoted the prolific
growth of vegetation, and the conditions were suitable for intense accumu-
Jation of organic matter, as well as for the formation of vast swamps. The
vicinity of sea-shore was tavourable to periodic marine ingressions, due
to which inserts with brackish fauna can be encountered among the conti-
nental deposits (Chmura 1956, Milewicz 1970, Alexandrowicz 1976). Such
conditions gave rise to a paralic coal-bearing formation of inconsiderable
thickness (50—100m) and limited extent, confined only to the North-
-Sudetic basin.

In the lower part of the stratigraphic profile of the Santonian coal-
-bearing formation, very characteristic sediments have been found. These
are grey and dark-grey, somewhat marly clays and claystones, showing
distinct parallel lamination, with laminae of quartzose silts and scarce
intercalations of arkosic sandstones. The clays contain carbonized plant
remains and a fairly abundant pelecypodal (Cyrena, Cardium) and fora-
miniferal (Verneuillinoides, Ammobaculites) fauna. The member in que-
stion attains a thickness of 20—30 m, and a brown-coal seam 10—30 cm
thic appears in its upper part, 15—25 m above the bottom of the Santonian
sediments (Fig. 1, —III). The presence of the seam has been confirmed by
several boreholes in the northern and central parts of the North-Sudetic
basin. Core samples obtained from three boreholes have revealed th=
presence of fairly numerous small amber grains, randomly disseminated
through the seam (Fig. 1 — B).

A higher stratigraphic position in the profile is occupied by grey clays
with inserts of arkosic sandstones and ashen-grey or green claystones. The
clays and claystones contain abundant remains of carbonized plants whe-
reas fauna is scarce or absent altogether. The brown coal intercalations
are of variable thickness (2—20 cm), pinching out among clays with flora
detritus (Fig. 1). Despite persistent investigation, no amber has been found
in this member.
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INVESTIGATIONS OF AMBER

In the lower brown-coal seam discussed in the preceding section (Fig.
1 — B), amber appears in the form of grains and lenses. Amber grains are
spherical, oval or irregular in shape, up to several mm in size, grains of
1—3 mm in diameter being the most common. They have low specific gra-
vity (1.0—1.1 G/cm3®) and hardness ranging 2.0—3.0 in Mohs scale. The
amber is usually yellow in colour with different tinges: cream-yellow,
honey yellow, orange or brown. It has an intensive glassy lustre and con-
choidal fracture, uneven and rough on larger surfaces. Its transparency is
nearly perfect. The amber grains are embedded in the carbonaceous shale
groundmass, occasionally contacting with vitrite and fusite. On the bedding
planes fragments of fusinized plant tissue are visible, revealing the organic
structure of wood. ¥

Microscopic examinations in transmitted light of powder preparations
have shown that the amber is optically isotropic. Very weak optical ani-
sotropy has been noticed on larger fragments exhibiting a distinct con-
choidal fracture; yet, in the authors’ opinion, in is to attributed to internal
strains. Neither seeds or spores nor any remains of organic structures have
been detected in the microscopic preparations though they could be expec-
ted considering the process of formation of amber. Only mineral admixtu-

res appearing as grains of quartz or clay and carbonate minerals have been
found.

Refractive index was measured by Becke’s method, using a solution of
bromoform and kerosene as the immersion liquid. The liquid refractive
index was measured with Abbe’s refractometer with an accuracy =+0.001.
Refractive indices (n) for amber vary from 1.489 to 1.507.

Because of the small amounts of amber available for investigations
(a dozen or so grains), the aromaticity index could not be determined by
X-ray diffraction method. Therefore, infrared absorption spectroscopy was
employed to obtain further data.

Infrared spectra were recorded in a C. Zeiss UR-10 spectrometer
between 700 and 3800 cm~-! (A = 14.3 — 2.6 pm). The szmples were prepa-
red in KBr discs (1 mg of substance and 300 mg of KBr). The spectra
obtained (Fig. 2) were interpreted basing on the papers of Czerski, Czu-

chajowski (1962), Gadsden (1975), Murchison (1966), Silverstein (1970 =
tajezak (1968), Urbanski et al. (1971). ) ( ), Ra

It has been found that the spectra of light (yellow) and dark (brown)
ambers shoyv close similarity in the position and intensity of the bands
The only differences noted are due to the presence of mineral admixtu-
Tese qugx’tz, kaolinite and calcite, which have been already detected by
microscopic examinations. To obtain the comparative data spectroscopic
?}?algsvff' were talscz1 carried out on a present-day pine resin derived from

€ ballic coast and on resin occurring in bi i i
Carboniferous formation, Upper Silerslf.a)l.n LS SRy

In the spectra of ambers from Bolestawi
bands are present: 740—840, 920~980eS o o2

—1230, 1265, 1320—1350, 1380, 1410, 1450—1470, 1510—1560, 1650, 1694,

1730, 2850—2870, 2930 cm-1, Besides s o g
recorded, which is due to absorbed CO.;_ SR8 3020 Ll bl badibeen
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Fig. 2. IR spectra of
1 — resin from present-day pine tree derived from the Baltic coats, 2 — amber from Bolesta-
wiec (Cretaceous), 3 — resinite from bitumineous coal (upper Carboniferous)

Bands in the region between 740 and 890 cm~! with peaks at 820, 860,
880 cm~! are caused by C—H groups in the polycyclic aromatic compo-
unds. They also appear in the spectra of Baltic pine resin and resinite. The
band at 920—980 cm~! is attributed to CH=CH, and CH=CH vibrations
and to vibrations in the COOH carboxyl groups. The absorption between
1010 and 1030 cm~—! is produced by vibrations in the CH=CH, or alcohol
groups. It is interesting to note that in all thg three spectra (Fig. 2) thel:e
éppears a peak (1030 cm~?) in that region owing to the presence of kaoli-
nite; it coincides with the actual absorption band of organic compounds.
The clearest spectrum is yielded by the present-day res§n. :

The absorption centered close to 1080—1090 cm~* arises from SOs'H
sulpho groups. It is weak in the spectra of younger resins and absent in
' ctrum of resinite. -
the;ﬁee band in the region between 1120 and 1180 cn.r1 1s'produced by
C=0 bonds in phenol groups and aromatic ethers. The 1.ntens1ty and shapi
of this absorption are variable. It is most pronounced in the spectrum 0_
present-day resin (peaks at 1125, 1155, 1180 cm~?). The samle obs.ervatxono
have been made for the bands occurring at 12102123 0icms—, wh1ch corre-
spond to bending vibrations of OH phenol groups. These absorptions are
not pronounced, being absent altogether in the spectrum of the Carboni-
fer?ll‘llfer(iszlfrilzg)tgﬁ—l (amber from Bolestawiec) and 1280 cm~1 (presept rgsm)
bands arising from C—O stretching vibrations and OH bending wbra‘c—lgan
in COOH carboxyl groups show a different behaviour. In .the present av
resin these bands increase in intensity while their absence in resinite testi-
fies to a decrease in the amount of the substance containing carboxyl

TOUPS S il :
: Tl;le absorption in the region 1320—1385 cm~! is caused by C—CH; vi-
brations. It is the most intense and pronounced in amber from Bolestawiec.
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The strong absorption at 1450—1470 cm~! produced by CH, and CHj,
bending vibrations reflects the aliphatic and alicyclic character of the
amber studied. According to Murchison (1966), the lower the rank, the
more intense is the absorption at 1370 cm~! and 1450 cm~! caused by C—H
bending vibrations. With rising coalification, the 1370—1450 cm~! absorp-
tion bands are reduced in the intensity, following a decrease in the number
of CH; groups. A comparison of the spectra of resins 1, 2, 3 (Fig. 2) con-
firms Murchison’s observations.

The band in the region 1510—1560 cm~?! is due to vibrations in NO,
nitro groups and NH; amino groups. It is very weak, being more or less
similar in all the samples.

A weak absorption occurring at 1650 cm~! is most likely caused by
vibrations within C=O0 chelatic bonds of carboxyl, ester and carbonyl
groups. The 1690—1730 cm~! band is to be attributed to the carbonyl
group. Absorption spectra of resins exhibit marked differences in this re-
gion. In the case of younger resins (Fig. 2, 1, 2), strong absorption bands
occur at wavelengths corresponding to frequencies 1692 and 1694 cm~1.
They evidence the aliphatic nature of the resins studied. A high content of
acid and ester groups is, according to Murchison (1966), characteristic of
the lowest rank resins, which display strong absorption at 1694—1702 cm—1.
Similar effects in the range of wave numbers 1700—1715 cm~! have been
recorded by Ratajczak (1968) for walchowite and neudorfite from Czecho-
sloxtr)akiz; and by Urbanski et al. (1971) for succinite and gedanite (Baltic
ambers).

A different spectrum in the region discussed is yield by the Carboni-
ferous resinite which displays absorption at 1620 cm~1. A shift of the band
assigned to the carboxyl group to a frequency close to 1600 cm~! reflects
some structural changes occurring in the Carboniferous resins. It is feasible
that carboxyl groups decrease in number, which provides evidence of
advanced aging of the resin due to the rising rank. This involves internal
estrification — the process of formation of ester (CO) carbonyl groups.
Simultaneously, C—C vibrations in the benzene ring have been noted
suggesting some aromatization of organic compounds. :

The adsorption appearing in the spectrum of amber from Bolestawiec
zt (;730 cm~! is caused by C=O stretching vibrations in aliphatic alde-
ydes.

. The 2850, 2870 and 2920—2950 cm~1 bands are roduced b ching
vibrations in aliphatic CH, and CH; groups. Thosepsharp absg’r;‘?i‘gflcsh::‘;;
overlapped by a very broad and diffuse band between 2400—3600 cm—?
It is regarded as arising from OH groups present within the carboxyi
groups engaged in inter- and extramolecular hydrogen bonds.

Infrared spectra have revealed that amber from Bolestawiec is made
up of aromatic rings with aliphatic branches consisting of carboxyl, phenol
aleohol and gster groups. Moreover, sulpho groups and an insi;nificané
amount of amino compounds have been ascertained. Worth noting Zre very
intense absorption bands attributed to C=0 vibrations in carboxyl grou )e
fmd aromatic estex;s, testifying to a high content of acid and ester group‘
in this amber. This fact suggests that the amber studied is of low ranIl)(S
which has also been confirmed by chemical analysis made on vitrite occur-

ring in its closest vicinity. The contents of carb
] on and
on a dry ash-free basis are 74.6% and 6.3%, respectiverlly‘ Bl o
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A comparison of the spectra yielded by amber from Bolestawiec with
those of present-day resin and Carboniferous resinite has also revealed
certain characteristic relationship. It has been found that an increase in
the intensity of the bands associated with C=O vibrations in carboxyl
groups and aromatic esters is attended by an increase in the intensity of
the bands corresponding to C—O stretching vibrations and bending vibra-
tions in acid groups.

The infrared spectrum of amber from Bolestawiec shows the closest
similarity in pattern to the spectra of neudorfite and walchowite from the
Cretaceous of Czechoslovakia (Ratajczak 1968).
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BURSZTYN Z OSADOW GORNEJ KREDY
POLUDNIOWO-ZACHODNIEJ POLSKI

Streszezenie

Utwory goérnej kredy niecki pdlnocnosudeckiej sa wyksztalcone jako
piaskowce z wkladkami tupkéw marglistych i margli z faung morskg (ce-
noman-turon-koniak) oraz jako ily, tupki ilaste i piaskowce ze szczatkami
flory (santon). Bezposrednio po regresji morza kredowego, w dolnym san-
tonie osadzila sig paraliczna formacja weglonos$na o migzszosci 50—100 m,
z\frl okﬁebie ktorej wystepuje kilka cienkich wkladek wegla brunatnego

ig. 1).

W dolnym pokladzie wegla w prébkach rdzeniowych pochodzgcych
z kilku otworéw wiertniczych, znaleziono nagromadzenia matych ziaren
1 grudek bursztynu. Podano jego charakterystyke makro i mikroskopows
oraz przeprowadzono badania metoda spektroskopii absorpeyjnej w pod-
czerwieni. Dla poréwnania wykonano badania spektroskopowe wspélczesnej
Zywicy z sosny rosngcej na wybrzezu Battyku oraz rezynitu wystepujacego
w }(arbonsklm weglu kamiennym (fig. 2). Analiza widm absorpcyjnych
wykazala, ze bursztyn z Boleslawca jest zbudowany z ukladéw pierscieni
aromatycznych z alifatycznymi odgalezieniami, w sklad ktérych wchodza
grupy karboksylowe, fenolowe, alkoholowe i estrowe. Poréwnujgc widma
bursztynu Boleslawca z widmami innych zywic stwierdzono najsilniejsze

podqbier’lstwo do neudorfitu i walchowitu z formacji kredowej Czechosto-
wacji.

OBJASNIENIA FIGUR

Fig. 1. Lokalizacja i pozycja strat
wo-zachodniej Polsce
S — syntetyczny profil goérnej kredy w niecce
stratygraficzne opisane w tekscie, I, 11, 111 —
nego w trzech wybranych wierceniach, 1 — ity i glinki biate i czerwone, 2 — szare ity

i ilowce, 3 — poklady wegla brunatnego, 4 i
7S ; 4 — wystepowanie bursztynu —
6 — margle i tupki margliste, 7 — wapienie triasowe s Rgopse

ygraficzna bursztynow goérnokredowych w poludnio-

poémocnosudeckiej, 1—7 — ogniwa lito-
profile litologiczne formacji wegla brunat-

Fig. 2. Widma absorpcyjne w podczerwieni
1 — zywicy wspoiczesne]j pochodzgacej z sosn

Y wybrzezy Baltyku, 2 —
stawca (kreda), 3 — rezynitu z wegla kamien dhiind RURSZiSmU Rty

nego (gérny karbon)
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Crepan AJIEKCHAZIPOBHY, Bap6apa KBEI[HHHCKA

SIHTAPb U3 OCAJOYHbIX MOPOJ BEPXHEIO MEJIA B IOTO-
-3ANNAJHOY MOJIbIIE

Pesome

ITopoabl BepxHero mesna B CeBepO-CyJIeTCKOM Gacceiine NpeicTaBiIeHBbl
CBETJILIMH NECUAHHAKAMH C BKJIOUEHHSIMH MEPreJIHCThIX CAaHIeB W MepreJei
COJEPIKAIUNX OCTAHKH MOPCKOH (payHbl (LleHOMaH — TYPOH — KOHBSK) H IJVIH-
HaMH, IJIMHUCTBIMH CIaHUAMH U NeCYaHHUKAMH C OCTAHKAMH PaCTHTEJIbHOCTH
(canton). HemocpencrBenHo mocse perpeccHu MeJIOBOTO MOPSI B HHIKHEM
CaHTOHE OTJIOXHJHCh MapajHuyecKue YIVIEHOCHble MOPOAbl TOJIHHOK B 50—
—100 M, B KOTOPHIX COAEPIKHTCS HECKOJbKO TOHKHX CJO0EB Oyporo yris
(cbur. 1).

B HI>KHEM cJioe yriis B o6pasiax H3 6ypeHHbIX CKBaXKUH OblIH obHapyxKe-
HBI CKOIJIEHHS] MEeJNKHX 3EPHBINIEK U 00JOMKOB sinTapsl. Beuia mpencrasiena
€ro Makpo- ¥ MHKPOCKOIHYeCKast XapaKTepHCTHKA U ObIIH NMPOBEeAEHbl HCCJIe-
JqoBanusi MmerojgoM abcopbuonnoit MK-cnekrpockonuu. dus cpaBHeHHs! Oblin
[POBE/IEHbl CMEKTPOCKONHYECKHe HCC/eOBAHUS COBPEMEHHOH COCHOBOW CMO-
Jbl U3 JepeBbeB PacTYIIHX Ha nobepexbax banrwuiickoro Mops M pesuHUTa,
KOTOpbIi ObLT 06HapyKeH B KAMEHHOM YIjle KaMeHHOYTOJIbHOTO nepuoja (ur.
9). Ananu3 CnekTpoB MOTJVIOLIAHHS MOKa3aJ, YTo sintapb M3 Bosecnasua no-
CTPOEH M3 CHCTEeMbl apOMATHUECKHX KOJIell ¢ aJu(aTHUeCKHMH Da3BeTBJIEHH-
SIMH, B COCTaB KOTOPbIX BXOAAT KapOOKCH/IOBbIE, (HEHOJOBBIE, AJNKOTOJbHbIE
u a¢upupie rpynnel. CpaBHHBAs CIEKTPHI inTapst U3 bosecaBua co cnexkTpa-
MH JIPYTHX CMOJ OBbIO YCTAHOBJIEHO CaMoe GOJIBbIIOe CXOACTBO C He#gopdu-
TOM M BaJbXOBHTOM H3 MEJOBBIX OTJOXKEHHI YexocsoBaKuH.

OBbSICHEHHST K ®PUTYPAM

Qur. 1. HOKHH!{S&HIIH H crpamrpaq)uqecxoe MOJIOXKEHHE BePXHeMeJIOBOI‘O sSiIHTapa B IOro-
-3anannoi [Tonbure
S — CHHTeTHYeCKHH NpodHIb BEPXHEro Mesna B CEBEPO-CYAECTCKOM Gacceitne, /—7 — JauTOCTpa-
THrpaHyecKHe 3BeHa OMHCAaHHbIE B CTAaThe, I, II, III — nuTOCTpPaTHrpagHIecKue npoHIH
¢dopMani Gyporo yras B TPEX H3GPaHHbIX CKBaXXHHAX, I — IJHHBL H Genble H Kpacubu? TJTHHKH,
2 — cepble IJIMHBI H TJIHFHCTbie TOPOABI, 3 — SalexH 6yporo yras, 4 — MECTOHaXOXIeHHS
suTapsi, 5 — NeCYaHHHKH, 6 — MeprejH H MepreJHCTale CHA2HIbI, 7 — TpHacoBble H3BECTHAKH

@ur 2. UndpakpacHbie CMEKTpbl MOMVIOLIEHHS
| — COBpeMEHHOH CMOJIbI H3 COCHBI pacryueit Ha Geperax Baartuiickoro Mopsi, 2 — sIHTaps H3
BosjecsaaBua (MenoBoit mepHoa), 8 — PESHHHTA H3 KaMCHHOrO yris (BepXHHH KaMeHHOYTOJbHbIR

nepHoa)



