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Relations between infrared spectra and organic carbon content in rocks
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Abstract

Absorption values at v 2,00 ecm! wave number in infrared spectra of rock samples have been compared with
contents of organic carbon. The calculated linear regression is (D) wy = 0.0244 C,., + 0.0161. This formula
is aplicable for quick estimates of organic carbon content in rocks and minerals within the 0-10 % concentration

span with a = 1 % precision.

Under the auspice of IGCP Project No 254 ~Ore-be-
aring black shales™ the possibility of using infrared spec-
troscopy as a tool to define the character and content of
organic matter in various rock types has been tested.
Rock samples were taken from the Pezinok-Trojarovid
(Little Carpathians) and Kociha (Spis-Gemer Ore Mts.)

localities including black shale, lydite, actinolite and

graphite shale as well as amphibolite (Tab. 1).

The Pezinok — Trojarovd samples are coming from
drill-core sampling in workings of Geological Survey En-
terprise’s antimony ore prospect within the 2nd ore-bea-
ring belt of the Pezinok — Pernek crystalline unit in the
Little Carpathians. Previous work points there to areal
coincidence of ore showings with black shales.

The second group of samples is from Kociha locality
in the Spis-Gemer Ore Mts., where the westernmost oc-
currences of the Gelnica Group contain a well expressed
stratigraphic level of phyllite and lydite carrying residual
uranium-bearing phosphate with higher REE contents
(Tréger, 1973; Oruzinsky et al., 1989).

Typical infrared absorption spectrum of actinolite sha-
le is in Fig. 1. All intensive absorption bands are there
indicated (1,175 cm™, 1.082 cm™, 798 cm™, 693 cm™ and
460 cm') characterizing quartz as the main rock consti-
tuent. The pronounced peak at 1,020 cm! points to seri-
cite as the second main constituent. Fig. 2 presents infra-
red absorption spectrum of heavily pyritized black shale
in which the peak at 420 cm-! probably indicates pyrite
(or other sulphide). The infrared absorption spectrum
of lydite is shown in Fig. 3.

The 2.000 cm™ wave number area is characteristic by
the lack of any absorption maximum of characteristic
vibrations and hence may serve for judging on the back-
ground spectrum, i. e. on conditions of continuous ab-
sorption in the entire span of observed area. It is known
that continuous absorption of solid samples prepared as
suspension in paraffine oil generally depends on particle

TAB. 1
Values of continuous absorption at vy (D) wave number and
the organic carbon content in rock samples from Pezinok-Trojdarovd
and Kociha localities
Hodnoty kontinudlnej absorpcie pri vinocte vayy (D) a obsah
C,p vo vzorkdch hornin z lokality Trojarovd-Pezinok a Kociha

Rock tvpe Locality (D)aow  Corgs %o

1 actinolite Itojarova-Pezinok 0,007 0,05
slate

2 amphibolite Trojarovi-Pezinok 0.021 0,05

3 graphite Kociha 0,020 033
phyllite

4 actinolite Trojarova-Pezinok 0,011 0.47
slate

3 graphite Kociha 0.029 0,45
phyllite

6 lydite Kociha 0.036 1,23

7 lydite Kociha 0,057 1,32

S black Trojarova-Pezinok 0,107 2,97
slate

9 black Trojarova-Pezinok 0,107 311
slate

10 graphite Kociha 0,107  3.68
phyllite

11 black Trojarova-Pezinok 0,134 5,14
slate

12 lydite Kociha 0,147 6,31

13 black Trojarova-Pezinok 0,159 5.99
slate

(D) established at following concentration: 0.0014 g of sample
to 0.0070 g paraffine oil or recalculated to similar concentration
from analytical data at 0.0005 g sample to 0.0070 g paraffine oil.
Core contents analyzed in UUG Brno.



— — T T

500 3 700 300 7100 em
Fig. 1. Record of infrared spectrum of actinolite slate. Pezinok-Troja-
rova locality (Part of the record. 75 IR Specord and Specord M 80
spectrometer, fy Zeiss, 4 000 — 400 cm~' domain. calibration of wave
number from polystyrene reference spectrum. Samples grinded and ho-
mogenized to 0.16 mm grain size and prepared as suspension in paraf-
fine oil. Analyses pertomed at the Department for Organic Chemistry.
Faculty of Science. Comenius University. Bratislava).

Obr. 1. Cast infracerveného spektra aktinolitickej bridlice z lokality
Trojarova-Pezinok (meranie sa uskutocnilo na spektrometroch 75 IR
Specord a Specord M 80 firmy Zeis v oblasti 4 000—400 cm-!: kalibracia
vlnoctovej stupnice je podla referencného spektra polystyrénu: vzorky
hornin boli pred meranim pomleté a zhomogenizované na zrnitost pod
0,16 mm a spracované ako suspenzie v parafinovom oleji: analyzy boli
uskuto¢nené na Katedre organickej chémie PF UK v Bratislave).
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Fig. 2. Part of infrared spectrum of a pyritized black shale. Pezinok
— Trojarova locality (conditions as in Fig. 1).

Obr. 2. Cast infracerveného spektra pyritizovanej ¢iernej bridlice z lo-
kality Trojarova — Pezinok (podmienky merania ako pri obr. 1).

size of absorbing matter. This quality induces. beside the
absorption. also the scattered infrared radiation. Conti-
nuous absorption can also be increased by the colour and
fluorescence of the given material.

Tab. 1 indicates absorptions in 2.000 cm-! wave nem-
ber domain in infrared spectra of rock samples from
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Fig. 3. Part of infrared spectrum of Ivdite from Kociha locality (conditions as in Fig. 1)

Obr. 3. Cast infracerveného spektra lvditu z lokality Kociha (podmienky merania ako pri obr. 1)



A. Perjéssy, V. Oruzinsky: Relations between infrared spectra and organic carbon content in rocks 549

e

— ) ’ o

J

- - 2 ' 4 6 Coth
Fig. 4. Correlation plot between (D)xw and C.... values in rocks samples
trom Pezinok-Trojarova and Kociha localite (numbers refer to Tab. 1).
Obr. 4. Korelaéna zavislost medzi hodnotami (D)sw a obsahmi C.,.
v horninach z lokalit Trojarova—Pezinok a Kociha (¢islovanic bodoy
suhlasi s ¢islovanim vzorick v tab. 1).

both localities. The (D). value has been calculated
from the relation (D)auwn = (Lo)a0w/(10)2000.

Graphic presentation of (D), and Core values shows
linear regression between both parameters around the
2.000 em! wave number area. The regression between
both parametres is expressed by the equation:

(D)agn = 0.0244 C,,r,. + 0.0161 (1)

The calculated correlation coefficient is equal to
r = (0.9745 and the standard deviation is s = 0.1245. The
correlation indicates remarkable precision in spite that
samples are from various lithological types and different
geological situations. The calculated linear regression
can be used for quick estimates of organic carbon con-
tent in minerals and rocks up to 10 % total content with
precision attaining + 1 %.
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O vztahu medzi infracervenymi spektrami hornin a obsahom organického uhlika

V ramci rieSenia tloh projektu IGCP 254 Rudonosné Gierne
bridlice sme sledovali moznosti vyuzitia infracervenej spektro-
skopie pri Studiu a definovani charakteru organickej hmoty
v roznych horninovych typoch. Pomocou infracervenych spek-
tier sa skamali vzorky hornin z lokality Trojarova-Pezinok
(Male Karpaty) a Kociha (Spissko-gemerské rudohorie). Spra-
covali sme ¢ierne bridlice. lydity. aktinolitické bridlice. grafitic-
ké bridlice a amfibolit (tab. 1).

Vzorky hornin z lokality Trojarova - Pezinok pochadzaju
z vrtnych prac realizovanych Geologickym prieskumom. §. p..
zavod Bratislava. Cielom prieskumu je komplexné geologicko-
loziskove overenie a zhodnotenie Sb mineralizdcie 11. produk-
tivnej zony pezinsko-perneckcho kryStalinika Malych Karpat.
Z doterajSich nddejnych vysledkov prieskumu je evidentna
priestorova spitost tejto mineralizacie s formdciami ciernych
bridlic.

Druha skupina vzoriek je z lokality Kociha z oblasti styénej
zony gemerika a veporika. Je tu znimy najzapadnejsi vyskyt
hornin gelnickej skupiny gemerika. Vyrazny stratigraficky hori-
zont tejto skupiny predstavuju grafitické fylity a lydity. na ktoré
sa viaze mineralizacia rezidudlnych uranonosnych fosfitov so
zvySenym obsahom vzicnych zemin (Tréger. 1973; Oruzinsky et
al., 1989).

Typické infracervené absorpéné spektrum aktinolitickej brid-
lice je zndzornené na obr. 1. Pritomné su vsetky intenzivne ab-
sorpcné pasy (1 175cm-'. 1082 cm'. 798 cm'. 693 cm-!.
460 cm-'). ktoré charakterizuja kremen ako podstatna zlozku
horniny. Vyrazny vystupok pri 1 020 em ' dokdzuje. z¢ dalsou
dolezitou zlozkou je s najvacsou pravdepodobnostou sericit. Na
obr. 2 je infracervené absorpéné spektrum silne pyritizovane]
ciernej bridlice. Vzrast absorpcie 420 ¢em' pravdepodobne naj-

spolahlivejsie charakterizuje pritomnost pyritu. resp. inych sul-
fidov. Infracervené absorpéné spektrum horniny charakteru ly-
ditov j¢ na obr. 3.

Oblast vinoctov okolo 2 000 cm-! nemd ziadne absorpéné ma-
xima charakteristickych vibracii. preto sa moze pouzit na objek-
tivne posudenie pozadia spektra. t. j. kontinualnej absorpcic
v celej oblasti. Kontinudlna absorpcia pri vzorkach tuhych latok
pripravenych vo forme suspenzii v parafinovom oleji obvykle
zavist od velkosti castic absorbujtcej latky. Tie sposobuju ok-
rem absorpcii aj rozptyl infracerveného Ziarenia. Kontinudlnu
absorpciu moze zvysovat aj farebnost a fluorescencia urcitej lat-
Kky.

Vi tab. 1 si uvedené absorbancie pri vinoéte v = 2 000 ¢cm-!
v infracervenych spektrich vzoriek hornin z obidvoch lokalit
Hodnota (D), bola vypoéitand zo vztahu:

(Iu)jlum
(I)lell(:

Graficke znazornenic hodnot (D)s iy, a C,,p. dokazuje. ze me-
dzi hodnotami vino¢tov okolo 2 000 cm-! a obsahmi organického
uhlika v hornindch existuje linedrna zavislost. ktord mozno vy-
jadrit rovnicou:

(D)zwn = 0.0244 C,,, + 0.0161.
Vypocitany korelacny koeficient ma hodnotu r = 0.9745 a sme-
rodajna odchylka s = (.1245.

Uvedeni zavislost plati s pozoruhodnou presnostou. Pritom
udaje pochéddzaju z rozdielnych litologickych typov a z lokalit.
ktor¢ prekonali rozdiclny geologicky vyvoj. Vypocitanu linear-
nu zavislost mozno pouzit na rychly odhad. resp. na stanovenie
obsahu organického uhlika v minerdloch a horninéch v intervale
0=10 “% jeho obsahu s presnostou £ 1 %.

(D)zum =



