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The Determination of Total Carbon, Total Sulfur,
Carbonate and Non-Carbonate Carbon in Geological

Materials by Infrared Absorption Spectrometry

Shigeru TERASHIMA

Abstract: A simple, rapid, and direct method using infrared absorption spectrometry for the
determination of total carbon, total sulfur, carbonate-carbon and non-carbonate-carbon in
geological materials is described. Several problems for this method, such as accelerators for
sample-combustion, the effects of chemical composition and coexisting elements, and the elimi-
nation of interference from water are discussed. In this method, various states of carbon and
sulfur in the geological materials are converted into carbon dioxide and sulfur dioxide by the
following techniques: combustion with a high-frequency induction furnace for total carbon and
total sulfur, direct addition of hydrochloric acid to the heated sample for carbonate-carbon, and
combustion after digesting the sample with hydrochloric acid for non-carbonate-carbon. The
analytical procedures including conversion techniques to carbon dioxide and sulfur dioxide are
as follows:

1) Total carbon and sulfur. Place magnesium perchlorate (12g and 8g, respectively) in
the drying tubes. Pass oxygen (2.5 //min, 1.5 kg/cm?) as the combustion and carrier gas, and ni-
trogen (0.4 [/min, 0.6 kgf/cm®) as purge gas through the apparatus.

Weigh the powdered sample (0.1g for 0.05-5%, carbon and 0.05-1%, sulfur, and 0.5g for
0-0.05%, carbon and sulfur) into a ceramic crucible and level the top of the sample powder. If
the samples contain more than 49, of water, take 0.05 or 0.1g of sample and place for two hour
in a drying oven at about 140°C to remove the moisture. Cover the surface with iron powder
(ca. 0.6g for 0.05-0.1g samples, 1.2g for 0.5g samples) and add tungsten chips (ca. 1.3g for 0.05-
0.1g samples, 2.6g for 0.5g samples). Place the crucible on the pedestal of the furnace. Introduce
the crucible into the combustion tube. Combust for 35-60 sec at ca. 1800°C. The detection
limits are 20 ppm for total carbon and 5 ppm for total sulfur, and the time of analysis takes only
about 1 minute.

2) Carbonate carbon. Weigh the powdered sample (0.1g for 0.05-5%, carbon and 1.0g
for 0-0.05%, carbon) into the dried reaction flask, and pipette 10 m/ of 6 M hydrochloric acid
into the separatory funnel, then connect to the apparatus system (Fig. 3). Open a stopcock
and adjust the flow rate of nitrogen as carrier gas to 2.5 //min (0.5 kg/cm) using the flow
control valve. Heat the reaction flask for about 3 min on the electric hot plate at about 150°C.
Open a stopcock of the separatory funnel and transfer the acid into the reaction flask. Shake the
mixture for 20-30 sec., and allow to stand until carbon dioxide is not detected. The detection
limit is 2 ppm for carbonate-carbon.

3) Non-carbonate carbon. Weigh out the powdered sample (0.1g for 0.05-0.5%carbon
and 0.5g for 0-0.059%, carbon) into a ceramic crucible. Add 2 m/ of concentrated hydrochloric
acid and place on a electric hot plate at about 130°C in a fume hood. If the samples are igneous
rocks and minerals, cover the crucible with a filtering funnel while heating for 15-20 min.
After evaporating to dryness, place for 20-30 min in a drying oven at about 150°C to remove
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completely the hydrochloric acid. Cover the surface of the residue with ca. 0.6g iron powder and
add ca. 1.3g tungsten chips. Combust for 35-60 sec., at ca. 1800°C. The detection limit is 10

ppm for non-carbonate-carbon.

The analytical results using this method, applied to the international reference samples

of rocks, minerals, ores and sediments, are satisfactorily comparable with the previously publish-

ed data of these reference samples.
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&1 AHEEAGE (EBRERER), £
I. R. -Matic “C-S8” VK-111 AS analyzer (Kokusai Electric Co.).

. . -
[ Sample [ 02 Infrared analyzer
l ]
¥ N
High-frequency SO2 COZ-———%P
induction furnacel [
[VLinearizer
|
[ Dust filter J [—E1ank corrector
|
Additional Weight corrector
(a) v
Mg(C104)2 |
B (e
[ Mg(C104)2 — Counter & Printer

BIW HEOTwy
Flow diagram of the instruments. (a) This study only.

— 611 —




%> Mo—REBIRECOLREL AT EEL 2
S TRY, WOFTARSOFELZT BT Linl =Rk
R, TBREOBRENEBEINRERCERINS.
TOFEEE, V=7 4 F—EK, BOEEK 7707
WEERE, REERGERRK L E - BRI RER X U
BOEERLLTT 4 VHEAVRRE, BEEShD.
BIRFR, LE, FERBERROERCANWS2E
EAERKSml OEEESY IRFATHY, BIRTALL
TRBREER L.
REBHERFEDOEEICE W CIIE BEREF xR T
1 2, FEIRRTHERE, TRbbXFr ) ¥ —F X
(BR) TORBI A% BRET 200 BFEEB (T2
H74 L+, 10T, RBOGHEERE (NMvy s 2
BT AW, y#Ew— 200 ml), BERCAH (9 M
B, 30 ml), RIEF | CBEHRB~ SRV T A12gFH),
F¥ )Y —HAOWEFREGE A ANVT T (~v IFERE,
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Detector

A and D: Stopcock

B: Ascarite

C: Separatory funnel G:

E: Reaction flask
F: Hot plate I:

Ice box

H: Water trap
Magnesium perchlorate

J: Flow control valve

EIN RBERROEEREKE

Schematic diagram of the apparatus for carbonate carbon analyses.
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Effect of tungsten on the determination of total
carbon and sulfur.

C,, S,: Fe 1.0g, Sample 0.5g.

C,, S,: Fe 0.5g, Sample 0.2g.
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Effect of iron on the determination of total carbon
and sulfur.
C,, S;: W 2g, Sample 0.5g.
C,, Syt W 2g, Sample 0.2g.
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Investigation for blanks.

Crucible
Test
Ignited at 1200°C No ignited
No.
C (ppm) S (ppm) C (ppm) S (ppm)

1 46 14 L4 14
2 35 12 51 18
3 35 9 43 20
4 36 15 51 19
5 41 11 58 21
Averages 39 12 49 18
Sr(%) 13 20 13 15

1.2 g of iron and 2.6 g of tungsten was used.
Sr: Relative standard deviation.

B2HR RFK, MEBEOFEERBET B
Effect of chemical compositions for the determina-
tion of 1000 ppm carbon and sulfur in synthetic

silicon dioxide samples.

BIEK LHERSORBE
Effect of diverse substance for the determination of

0.1 mg carbon and sulfur.

Melting Relative error*

- Added %
Elements  Added as Found* (ppm) Substance  point —

) ) (mg) | C S

C Calcium carbonate 999411
. CuO 1026 100 -2 -8

C Graphite 9944-10
. Na,O, 460 d. 50 +456 —13

S Crystalline sulfur 1000+ 8
. NaCl 800 100 0 —53

S Pyrite 1001+ 8
. KNO, 334 100 + 13 —30

S Chalcopyrite 989+13
. K,Cr,0, 398 100 0 —48

S Barium sulfate 994 1-10

S Sodium sulfate 998410 * Average (n=2).

* Average (n=5) + Standard deviation.

RHTH DY, RBDHIEIE L 25 OTARRED
TR ZZRPORB I R 2RI Licizd L Bbh 5.,
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—RRICHRBERRIC & B HEE O EE TEINEE100%iz
Wi WBABEZ W (Furton and Fryxerr, 1959). Z L
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PRI END T LE X B T3 (SEN GupTa,1970b;
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R~/ 2 vy aN12gFR) BERT 5 ki, o
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EBETARSEBRELLBICERT A LT Lz, KA
RTEOIBRBDOI bAKGOEHESI0% 2 B2 5 38
DR (R—FHF A+, =0 H/Pa—n, ¥t) &
ZRZENRO0.5 g3V EY, $140°CT 2R Lich
B, R—FH%A FTEF2.3%, ~vFHr /) Pa—b Tk
15.7%, ¥+ ciE2. 1%0KSBBRETE -, %k H
REELU TS LeREIEch X v0.1-0.4% E E
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DO—IBERT B LBELDNEZDT, T 2RI
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VH vV a—iv (Mn-139) Cikb B WERE S
hic, BRI X Y BRWSTERE LR S RE L LT,
REO—WBPZMILIRSE, RILKFER CEHRLER L
LTHEETBZ EBEL LN, EcBRiC X Y SWES
B RDBDEIKRSOEEC L H5RADBRENRBDT 51D
LEDbIS. REICOWTIE, BRTAZ Ltk IAKSY
BEEOZVE—%HA b, ¥it, v v Fv ) Va—v
ONFERE L BoTWBR, THIXRROEE L FiiE
CADDOEER VIR hbikhBbhbs. £, R
CRERLUTLOWERET Lena Lk, REHRORE
DEBTERCESZ LETTLEDIS. U EOKRH
BRICLLEDE, Bl b2 0WEAReksnas &R
4 %A EORBHZ DWW T D & 140°C o3y 2 BB L 72
BRET B Lic L.

R—% ¥ A b E—HORE I EEEOEEREET- T
$10-25%DILAKBBREL TS, LaL, 41.20H
RB XY E—REDRSE, REEHRML TSI L ek
B, 96%LL LoEIRRIE b, Zhit, bEKkoE
BRIERERELBVWILETTLOTHEIN, ZOR

AL UTiILAARSREF 2 658 Sh 3 il Ko D
R, BRI L GEHShTLE S R LER
bhd, 2k, BREEFOBERR~ XY LANELE
DKGFERINT B L IRR, HEOSFEIMET 3 5EM
PROLNDOT, @KRSDOEEEN 4 %L EosEc
1X30-50{H = L ic B L 7.

3.5 HMOEEE EHNEOBIR

SEOME (Hit, LU x I BITEKT WER TR
%, MEERNLEZLD) £onT, REOBRREEZE
LSRR EDATBEOBICOVWTREIL, #EE
BO (RF),HF T BiE) WRLEk. &EL, 20
ERTEABOBEITDY, EiRABORICERR
Gl 2g L XV IRTF U206 R EHA L. HE6X
o Lo, REOSTIETRE ORI TS
- TREERNCENL TR Y, REoRBENCE
B, LrL, MEOSESIREOFREEOHE
3 U CATHEOBEIT 32 B&8 b ric/hsv. 2o
Zehb Xk )V ERASIEEE S D ISR L E
HERBOBRIEIZSE—HIEILERD S,

.6 REERZOTEERCHTIHMLE

ERRE D RBERSE BT B LT—RILL
TWBERRBHCHER X IARRE ML THhe o> &%
BHEERB LI, SFEESIEL, SBCHETS
RO D ITHAROLIENE LW RAR DTz, TD
fed, INELL e BB EEAE R SOIAFER & I B
FEERME L, TORER, LY bEREAVS
PR BOFBEN R T T 3FABRTD bhvi.
DEFRFEMTIEROBE LBECOVW TR L. 3k
(JG-1% N JB-1) 0.5zt LT O6Mp HEE6-12m;

ek AP0 EBR DR

Effect of sample drying for two hours at 140°C on the determination of total carbon and sulfur.

Samples Taken Drying No drying
(8) C (ppm) S (ppm) C (ppm) S (ppm)

JG-1 0.5 206 10 219 11
JB-1 . 478 22 472 14
JA-1 ” 36 18 40 16
JB-2 4 27 17 : 31 19
NIM-P ” 239 112 283 109
NIM-S v 104 23 132 23
NBS-69A 0.05 3176 295 3100 180
NBS-98 0.1 4200 300 4000 250
NBS-98a 4 9040* 1680* 8100 1300
Mn-139 ” 840 1084 800 970

* Determined after grinding and drying.
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Found C, ppm

Found S, ppm

MEAEFAR ENE F11 5

5000r
4000} Clay-1
3000p
Si02+ 0.2 %
2000 =
GXR-1
1000
0 1 1 1 ) 1
0 0.1 0.2 0.3 0.4 0.5

Sample taken, g
BN 2RFOTBICRIIZ>ABBERE L ITEOBELLR

Relation between amounts of sample and counter reading in the
determination of total carbon in selected samples.

GXR-1

2000

Si0gt+ 0.2 7

1500 [~ ‘
1000 NBS-98a
500
0 1 1 ! 1 L
0 0.1 0.2 0.3 0.4 0.5

Sample taken, g
B2TR 2Z2RBOERECBT3ANEERE L SITEOBER

Relation between amounts of sample and counter reading in the
determination of total sulfur in selected samples.
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LugBETH 5.
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(1965) 38 X O KotscH et al. (1976) D HIC R TRE
SUEPEE T, 1EYY OFERHLEY. Z0kd,
AIFFe i 3\ Tik Foscoros and Bareroot (1970) d
EEHRBLTAWSZ LicLk., ZohEe&ER I
BEHT 5D C3RBUEOBROBRENELEETH -
o (BE5K). AK0.5g%3o1F (ERERH, IRF)
ERY, R 2ml &z CTRIB0CHEAR iz Wil
B BOENOEE NS CTREEE L. —FH 5o
BAEO e — b TRB - TNET 2 LB CETLAL
7o. £ L COCTHRBEE LIS, Bt L),
Y VR O HRYIERERE CIX B E R S ERE b
2, KREBEERR T ESEL Y BratHERE L
T Tk, KEZERBOBE65CO S MIRE T X K
HRBOBREBARELS THI D Bbhb. Z0Okd
KEERBNE D 2R /MNED v — FTRB - T 15-204
M L 7 R REE 5 2 LT L e,
HEIORLE ORI, ZERPOBMERIC L » THREBEE
REO—WIMBILEN B2 E I 2R 512D, R
B ICERKTET TR LB L TZOoERE L

BLENEEEZERRD oMb ote. HRLHEEZ T
RE R F O E EREES T B LEBRT OSBRSS AL
LT e, #9150°Co g ©20-304 ik L T3k
FOEMRE TEX B3R TKRET S, FRBEREOERI
BWTIX, 0.6 g0BBIUWLBgD X vy FRT v
DEFMMTO.5 g FTCOREPTLITRBEL 7o

3.8 iGEig

3.8.1 £RHK, LMEOCKRER

SRFB L VLHEEZCET 5 ) ORERARENZ
WROBIEC X > THRB LI, KBERONLT T 54167 gL
HERIT W5, 833 g B ENRD DD HMFHE I X > TH
304 FIREA L TIREIZOWT 5 %0RBH & 1E - 7.
SHLERBANY T B EEKTOBORMEEILEET
SEBL, FAERBECEL > TRECSVWT3%, 2%,
1%0OREERP L. £, RERIUHEOELE
EEURERARE L LTRBINVY T A 1.667g,
R OREE0. 200 g, EAKIT VLS. 133 g MBS LT
FRLRICONWT 2%DRBEEY, ZoRBO—EEE
EARTWBRTHR, BRES L TRSE, REik->»wTl
%, 0.5%, 0.2%, 0.1% 03B & EoTe. > Xiz0.1%
DB O—ER L KT VEE L B BREA L T0.05%,
0.02%, 0.01%, 0.005%, 0.002%, 0.001%M% %} %
ERERR L .

FEREBAAREIZOVT, REOEBER 0.5
g, 0.2g, 0.1gL LCENFN 3ERIELIHEROFE
BERE ORI L. WECE, AboEREICLY
BEORELZFLL VB0 T, RBORRE LBED
BfRic oW TR T E 20, REROERIEC>W
TIHRAFTETH 5. 5 HIMESERORERETL
b0 TH 3N, K bHAbrik dicKSE, MELd
DFPRBHLTYS, BESPEEL L TR

HO5R FRBERFROEET BT AR OKMLERE

Comparison of results for non-carbonate carbon (ppm) in selected samples by different diges-

tion temperature.

Digestion temperature

Samples Expected*
95°C 65°C
JG-1 Granodiorite 47 50, 41 85, 62
JB-1 Basalt 119 - 110, 124 240, 275
MRG-1 Gabbro 129 148, 156 330, 288
NBS-97a Clay 597 560, 585 590, 570
NBS-120a Phosphate 2050 1960, 1800 2000, 2060
GXR-2 Soil 26400 25200, 24600 25900, 26300

* Values obtained by subtracting carbonate carbon from the total carbon.
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WMEREHRASR E30E E1LB
BEOR REBRAARBPFTERE, SHMEOERERE ORHKF, MBEEFENLUCPRBLZERCBNTLZOX

Determination of carbon and sulfur in synthetic 5 RIGHBPRD LD T, ZOHRFIXEBXITSWEH
calibration standards. BEORELBEbhs, EIXEZ, ZBOKE, HEES
Found** (ppr) DHEOREBRER LI LD TH B, FFEIX0.05-5
Added® 0.5g sample 0.2g sample 0.1 1 % BEEI0.05- L %hOMEA CRIREER CHE. K
ooy — TETIPE TIEREPE  mCS0-0EDAITE T ) LMEOMTESETT 5 5
G s ¢ s ¢ S8 ERboTe. TOLSRBATREEELRBRL, A b
0 9 0 —2 _1 9 1 TANE— (FFAY—NV) &KW 5 LITOBREDE

20 32 12 nd: nd. nd. nd b ’

50 62 3 29 17 nd. nad. 3.8.2 RERERBOBRER

100 126 72 51 33 30 17 BRI VB —ERORBI VYT AEHRIL, B

200 222 170 90 68 48 37 BA L THM U RERA SRR O R R O 247
500 524 492 217 192 111 96 R, —BRoOBEEERAS (JA-L, JG-1, JB-172 ¥)
1000 1002 1000 416 400 218 195 C—BEORBINVYY REHFEMLUIHEIERTEY%
| 2000 1996 1982 798 801 410 394 BEBVWSENE bR, Z0kd), REBERELE
i 5000 nd. nd. 1993 1948 1000 1000 BT 3 ) ORERF RIS ARERE O

10000 nd. nd. 3978 3700 1990 1892 —2Th5 JA-1 (BUE) O—ERCZRBIVTT A
20000 nd. nd nd nd 3942 3508 BEWML, BREALCHERE L. 2L T JA-l KM
30000 nd. nd nd nd 59! nd P HEEN TV REBERF TEERIEL X - TER
50000 nd. nd. nd nd 9773 nd L, ZOEEZELSIWTREREER L (FF10H).
* Calcium carbonate and crystalline sulfur was mixed with 3.8.3 %ﬁ@ﬁﬁ%‘oﬁ%ﬁ
sy — RO VBRI — RO BRI VY Y AR
n.d.: Not determined. L, BRESLTHE L -BRERFASRAO—ERE
1000 [~
Sample 0.5 g

500

Found C, S, ppm

0 200 500 1000

Added C, S, ppm
E8M BKESFROLERE, ZREECEARER

Calibration curves for low contents of total carbon and sulfur.
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S, ppm

Found C,

FHRAFEIC X 2EEPORSE MEOEL (85 ¥

10000

Found carbon, ppm

7500

5000

2500

Sample 0.1 g

1 i - I 1 |

1 2 3 4 5

Added C, S, %

BIN BHEFROLRE, ERMETFLARER

Calibration curves for high contents of total carbon and sulfur.

1000

800

400

200

(b)

200 400 600 800 1000
Added carbon, ppm
#I0H KBERREERRORER
Calibration curves for carbonate carbon.

(a) Silicon dioxide plus calcium carbonate.
(b) JA-1 (andesite) plus calcium carbonate..
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WEREFAR B30E F11H

B YEY, HRRAEEZIT) Z LR RS TRAER
WEL, FERBERROREREER L

4 EBFRIEEER

41 2REFEHLCLWE

L.1.1 BEFE

BiAFIAREE c2h Zni2g B8 X0 8 g 0lER
el %y L% FREL, BE (2.50/min, 1.5kg/
cm?) B X% (0.4 //min, 0.6 kg/cm?) DOFHEELIE
NERET 5.

—EBROMARE (RESFHE0.05-5%, MESEH
£0.05- 1 %DBE0.1g, RHKE, FEEHFH E0.00-
0.05%DE4130.5¢) 222 IZ»HVERD, RE D
EEERELIZTE. bL, BB 4 U LOKGEEE
T 5%E1%0.05-0. 1 g 0ELE 501 FICELY, #7140°C
OERBT T 2REEERET 5. RBOoREE —EROH
¥ (BE0.2 g ITOHEAIMN0.6g, hihLOPAIT
¥il.2g) TRBoctE —EBEROFZVIRT Y FHE
0.2g LT OHFAEIIML.3g, ZhIEDOHEEH2.6g)
EET A, ZhEREEPANTESRL, FRAOE
FIENL 5 kg/em?iz iz o 7 b HEISITEBRO ST A A »
FET. BbhcEEANTRER 3.8.1) »b &
FEEFHRAED.

4.1.2 TEER

REOEER X UEINRIZ SOWTHRE T 5o, 0.2-
0.5 g DEREEERE (ERPREE IG-1 5 ZRE JB-1)
1250-1000 ug DRFEB I HREERML T O Lok
BEE TR, 0.05-0.1 gngimslhl (S8EA, F—%
FAb, 2o HY I Va—N, 7uhEh ARER)
12 200-500 pgDRFER L UMEEZTIML THT LR
BEBRITRELE., ThonEPLLMS X 5T, 100-

1000 ug DRFER X UHEOEEICHIT 2EBREIL 9
ULLTTh Y, BEILEIFI6-103% T L bic BIFARERN
Bohiz.

[ (USGS), 1+ 4 (CSRM), 75+ % (CRPG,
ANRT), 4 ¥ (ZGL),@7 7 Y # (NIM), BAR(GSJ)
72 ¥ OHUBTETS L U EnIicET 2R b RITER
T3 MR LB RERUE, Sk E NBS, 32E BCS,
BASHHE» bRITSNTWBEA, SLEREstElh
DRRFHE, SMBLEE LR CBME L B L T8
9-UFIZR Lic. WL D BDEERBIPLHE IOV TIL,
REBLCHAOVWTDF—FBRAETE R P o7 T CHN =
—F R EXBRARDHIMEEZ R L. ZhbDRRPD
AL»RE 5K, REOERIMOFHRIZL2ELZE
BiFh—8ERLTWS. B, LEORE, MEcE
pREHC OV TiL, APOTREE % 10 mg BEICE TR
DEETRE LD, BERGVBEIEON P ok
D5 %L OB, 1 % EORERERE & AT
BTHERL, BHRES LEBRER L.

4.2 EBERZROTE

4.2.1 EEFBE

MNe—PREHEL A (0.4 1/min, 0.6 kg/cm?) OFiH L
ES %Y 5.

#3ICTR LR BRAR 2. 1oRcREe Ah, ¥
KUAHRALKTHHTE. Aty Favs A, DR
BAU 7 iREBIiC LTI K.

HorUOERL L SMEERE ARERE (REIER
&4 E0.00-0.05%Tixl.0g, 0.05-5%ix0.1g)
RIEHVEY, He— b+ CiciE® (1+1) 10ml %
ANB, FhFROBEREIFO X ) IERE LA,
Abv Ty 7 ARRE, ¥ VY —HERF X (2.5
//min, 0.5 kg/cm?) DWELEHNEZHHLTH A & i

BITR BEPOLRE, 2MACER BT HE LERE

Precision and recovery in the determination of total carbon and sulfur in selected rock samples.

Taken Added Carbon Sulfur
Samples Found* Sr Reco. Found* Sr Reco.

© (e2) (ee) (%) %) () (%) )

JG-1 0.5 0 109 6 — 5.5 24 —
4 0.5 50 160 4 102 55 6 99

4 0.5 100 212 4 103 102 6 97

4 0.2 500 548 2 101 514 2 102
JB-1 0.5 0 236 5 — 6.8 26 —
” 0.2 500 574 2 96 506 2 101

4 0.2 1000 1086 1 99 999 2 100

* Average (n=>5).
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B8R HLEHOLIRE, EMECERIC BT BHE LEIIE

Precision and recovery in the determination of total carbon and sulfur in selected ore samples.

Taken Cand S Carbon Sulfur
Samples Added Found* Sr Reco. Found* Sr Reco.
® (#g) v B (% W) B %
JSS 800-3 0.1 0 54.5 3 — 71.1 3 —
” 0.1 500 552.2 3 100 564.8 2 99
NBS 69A 0.05 0 158.8 3 — 14.75 9 —
” 0.05 200 362.2 2 102 206.2 3 96
Mn-139%* 0.1 0 84.0 7 — 108.4 9 —
” 0.1 500 582.6 2 100 604.0 2 99
JSS 870-1 0.1 0 43.9 4 — 72.8 5 —
” 0.1 500 553.2 2 102 576.6 2 101
NBS 137 0.05 0 706 5 — 652 5 —
” 0.05 500 1196 5 98 1134 5 96
* Average (n=5).
** Manganese nodule.
BIR HEEARTERRA, 2HMEOERLERQ)
Total carbon and sulfur in 20 geochemical reference rock samples.
Carbon (ppm) Sulfur (ppm)
Samples This ABBEY FLanacAN This LaNGe TEeErRASHIMA
study* (1977)** (1973) ** study* (1977) (1976)
USGS G-2 Granite 246 218 218 93 95 64
GSP-1 Granodiorite 336 328 410 348 350 200
AGV-1 Andesite 48 27 164 14 20 46
PCC-1 Peridotite 543 437 328 20 22 20
DTS-1 Dunite 314 164 218 8 18 11
BCR-1 Basalt 67 82? 82 412 425 398
CSRM MRG-1 Gabbro . 3012 2757 — 640 — 544
SY-1 Syenite 1290 — 1010 203 215 —
SY-2 Syenite 1430 12567 — 128 — 112
SY-3 Syenite 1202 1092 — 533 — 346
NIM NIM-D Dunite 1150 1147? 1092 68 — 66
NIM-G Granite 144 2737 273 100 — 68
NIM-L Lujavrite 432 491°? 546 537 — 510
NIM-N Norite 222 300°? 273 50 — 45
NIM-P Pyroxenite 283 2732 273 109 — 110
NIM--S Syenite 132 218? 273 23 — 35
GSJ  JG-1 Granodiorite 219 218? 246 11 — 14
JB-1 Basalt 472 491°? 519 14 26 59
JA-1 Andesite 40 — — 16 — —
JB-2 Basalt 31 — — 19 — —_

* Average (n=4-5).
** Values calculated from carbon dioxide.
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#I0% FMERBFERE EWMEOERER(Q)

Total carbon and sulfur in 42 geochemical reference samples.

Carbon (ppm) Sulfur (ppm)
Reference samples -
This work* Other values Ref. This work* Other values Ref.
USGS BHVO-1 Basalt 85 104, 75 1 101 <50 2
MAG-1 Marine mud 23067 24600 3 3943 4620 2
QLO-1 Quartz latite 26 69 1 13 <50 2
RGM-1 Rhyolite 37 54, 43 1 10 <50 2
SCo-1 Cody shale 9727 9900 3 608 600 2
SDC-1 Mica schist 297 671 480 2
SGR-1 Oil shale 270300 16075 18950 2
STM-1 Nepheline syenite 61 22 <50 2
CRPG BR Basalt 2758 2347%* 4 312 200-500 4
GA Granite 413 300%* 4 31 <50-316 4
GH Granite 524 382%* 4 39 <50-2350 4
Mica—Fe Biotite 675 546%* 4 29
Mica—Mg Phlogopite 728 546%* 4 88
ANRT BX-N Bauxite 1253 1310%* 5 163
DR-N Diorite 372 355%% 5 444
DT-N Kyanite 6238 6200 6 131
FK-N Feldspar 230 232%* 7 39 23, 52 7
GS-N Granite 442, 49] sk 7 132 100 7
UB-N Serpentine 1008 1119%* 5 179
VS-N Synthetic glass 566 79
ZGI AN Anhydrite 2257 1774%* 5 229500 230688 5
FK Feldspar sand 259 22
GnA Greisen 260 43
SW Serpentine 1343 148
TS Black shale 14725 14900 3 225 200 5
NBS  25¢ Manganese ore 259 95
69A Bauxite 3176 295 200, 360 9, 10
78 Burnt refractory 251 32
97 Clay, flint 3467 3200 8 175 158 8
97a Clay, flint 563 600 8 395 308 8
98 Clay, plastic 4200 4000 8 300 250 8
98a Clay, plastic 9040%** 8100 8 1680 1300 8
137 Tin ore 14100 14300 3 13040
182 Lithium ore 80 8
BCS  175/1 Liberian iron ore 333 323 310, 340 10, 11
176/1 Manganese ore 1014 204 250 11
303 Iron ore sinter 7990 8150 3 2115 © 2200 11
JSS 800-3 Rompin hematite 545 711 740 12
812-2 Musan iron ore 1903 1950 3 209 210 12
813-2 Algarrobo iron ore 1317 1300 3 589 560 12
830-3 Philippine iron sand 194 54 50 12
870-1 Chromium ore 439 728 680 12
*  Average(n=3-5). **  Values calculated from carbon dioxide. ##x  PDetermined after grinding and drying.

Ref.: 1, FLANAGAN et al. (1976); 2, FaBB1 et al. (1976) ; 3, Unpublished data by CHN analyzer; 4, RouBAULT et al. (1970); 5, FLANAGAN
(1973); 6, LA RocHE et al. (1973); 7, La RocHE et al. (1976); 8, TerasHimva (1978); 9, AseEy (1977); 10, SearLE (1968); 11,
Certificate values by BCS; 12, Certificate values by JSS.
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TR & 28 ARORE, MEOELE (F8 )

T SFEAERE & 150°C MR Lic By ThEt 5.
BENOBENS-110CE R - A TA Ny Fay s
DEBE, 4¥Ewe— FROEBREREHCHML, 20-30
PDHEEYVEETRACREEES. OEHEEimEL, R
BHAOREPKRTT5 LERERERENSDOT, BE
REVEREEERD 5.

4.2.2 EEREER

0.2-0.5 g DEFEAEREHZ 100-1000 pgod JRELE RE
EWRIMLCHITL, RBOKE LENRERM L. 2
DFER, TEREUT 4 %UAT, BEUNERI98-103%TL b
CRFSERPEON (F12R) REWERER O 6
BOEERBHC>OW T RBERE L ER LR 2 fho

W OpDF—F LIEBLTEHIBER I R L Jo. AssEY
(1977) F(* Franacan (1973) OfEix 2 hE Tl
ENTAEDEHER /2 ETH Y, MariNeNkO and May
(1970) DERFFREIE V) VERTHMEL, F A7 m<w b
F7ERAVWTERLIER ©d Y, Senx Guera (1970)
DIEEBRAR-THEEICE 5 L0THS. Zhb R
NHHG-2 (JERE) OV TERWTFROELBR—HK
LT3, [REBERFEFRODERV AGV-1 (Z1LH)
BCR-1 (ZRE) oW TikfEr DERHEShTHS
B, AEOHERE MariNenko and May (1970) o fE &
IE—E L.
FREAEERBP ORBEIRF L ER LR E

il FEEANPERRE, LWHOEEFHRE)

Total carbon and sulfur in NBS minerals and Geochemical Exploration Reference samples (GXR).

Carbon (%)

Sulfur (ppm)

Samples
This study* Others** This study* Others**

NBS-1la Limestone, argillaceous 9.73 9.76 3073 2660
NBS-88a Limestone, dolomitic 12.83 12.72 4 —
NBS-70a Feldspar, potash 0.005 — 3 —
NBS-99a Feldspar, soda 0.03 — 19 —
NBS-120a Phosphate 1.04 0.87 2900 —
GXR-~1 Jasperoid 0.17 — 2436 2600
GXR-2 Soil 2.64 2.68%** 315 300
GXR-3 Hot spring deposit 1.33 1.34%%* 2420 2500
GXR—4 Porphyry copper ore 0.06 — 17600 17150
GXR-5 soil 1.65 — 278 300
GXR-6 do. 0.18

* Average (n=3-5).

0.19%%* 131 200

** Certificate values by NBS. GXR samples data from Avrrcorr et al. (1974).

*#¥¢ S NacaTa (Geol. Surv. Japan) obtained by C. H. N. analyzer.

#12% RBERZFOELRR BT ZHE EIRR

Precision and recovery in the determination of carbonate carbon.

Taken Carbon (ug) Sr Recovery
Samples

(8) Added Found* (%) (%)

JG-1 0.5 0 86 4 —

. 0.5 100 189 4 103

” 0.2 500 530 1 99

” 0.2 1000 1033 1 100
JB-1 0.5 0 176 3 —

4 0.2 500 558 2 98

” 0.2 1000 1075 1 100

* Average(n=5).
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RITR LI,

WEHEFAS E0E HuB
UEie, GF L CHREERE > CORBER 815 0.05%T130.5g, 0.05-5%Ti30.1g) %5 K i

4.3 FRBREREOER

4.3.1 ERFE

POEY, HE2ml FMxs. L), Brr D
WEYREhI 0 £, KEERBOSERI RN
Bowr— hTRBY, H130°COEMR_E ¢ 15-2043 R nE

—EREOBRAR GERBERSE O &4F & 200.00- 5. EFEHEL Kk, HI50COREEEH ©20-3057H
Hi3k O6WMOBEAEPRBERROERER O LK

Comparison of results for carbonate carbon (CO,, %) in six U.S.G.S. standard rocks.

ABBEY Franacawn MARINENKO SEN GupTa
Samples This study* and May

(1977) (1973) (1970) (1970)
G-2 0.078 0.08 0.08 0.062 0.08
GSP-1 0.109 0.12 0.15 0.098 0.10
AGV-1 0.0033 0.01 0.06 0.0038 0.02
PCC-1 0.132 0.16 0.12 0.16 0.18
DTS-1 0.089 0.06 0.08 0.065 0.07
BCR-1 0.0037 0.03? 0.03 0.0041 0.02

* Average (n=3).

e BERRFORME, FRBERFOEEMHREWL)

Analytical results for carbonate carbon and non-carbonate carbon in standard rocks and comparison with total

carbon.
Carbonate Non-carbonate Carbonate plus Total
Samples non-carbonate carbon
carbon (ppm)* carbon (ppm)* carbon (ppm) (ppm) **

USGS G-2 214 24 238 246
GSP-1 297 33 330 336
AGV-1 9 15 24 48

PCC-1 360 112 472 543

DTS-1 243 90 333 314

BCR-1 10 20 30 67

CSRM MRG-1 2883 154 3037 3012
SY-1 890 320 1210 1290

SY-2 1328 128 1456 1430

SY-3 1093 75 1168 1202

NIM NIM-D 936 178 1114 1150
NIM-G 102 39 141 144
NIM-L 358 84 442 432
NIM-N 111 87 198 222

NIM-P 124 111 235 - 283

NIM-S 67 31 98 132

GSJ  JG-1 172 43 215 219
JB-1 353 114 467 472

JA-1 6 21 27 40

JB-2 11 10 21 31

* Average(n=3-5).

** Taken from Table 9.
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WHRLCERETHEBRE CEAETRETS. 30 REBEREOERLERERR, X OHEE

DEEEH0.6 gD TRBY, Ebicl.3gnry HERBPIZOWTORBREEEIRICENERTR L. Th

TAT v EMR S, RFRFOHE (1.1) LE—%# EERPCSOWTORRBRERBOSIERETIZE A

THIEL, o2 UDERLZRER 3.8.3) 2H v EAFIhTWaWEDElsRaI cE v, R

TIHRBERBROEHRERD 5. WRR LIERBIERE L ENCEELCChEmzdd
4.3.2 EEBER i L, RRBEOFIHREPZE-HKLTWBZ LR
—EROEAEERENC100-400 pg o JE R BIERE  LREZEEZRLTVAS LBbR3.

(9774 1) BIML, 43 108ECE>T S

LR R R BI6RICR LT, 100400 u0> B AR R
OEBRICBITAEFMEEIZ 4 %L TThH D, BRI RS X 580, $A, SWkOHERELT
97-101% G d - i=. DR, EME, RBERR, FRBERZEOSITE

FEEAREARPOIFRBRERBL R LICERE REL, EREBEZEILEL
g1k BERHDORBE, FRBRERKROETEFERQ)

Analytical results for carbonate carbon and non-carbonate carbon in NBS minerals and Geochemical Exploration

Reference samples (GXR) and comparison with total carbon.

Carbonate Non-carbonate Carbonate plus Total

Samples carbon carbon non-carbonate carbon
O ®* carbon(9%) (%)**
NBS-la 9.10 0.53 9.63 9.73
NBS-88a 12.68 0.012 12.692 12.83
NBS-70a 0.0033 0.0014 0.0047 0.005
NBS-99a 0.0008 0.020 0.0208 0.03
NBS-97a 0.0003 0.058 0.0583 0.06
NBS-98a 0.0010 0.91 0.911 0.90
NBS-120a 0.835 - 0.20 1.035 1.04
GXR-1 0.124 0.016 0.14 0.17
GXR~-2 0.0029 2.61 2.6129 2.64
GXR-3 1.31 0.030 1.34 1.33
GXR—4 0.038 0.0083 0.0463 0.06
GXR-5 0.0063 ) 1.56 1.5663 1.65
GXR-6 0.0036 0.16 0.1636 0.18

* Average(n=3-5). ' ** Taken from Tables 10-11.

H16R FRBMERROERIC B 5 HE L EIRE

Precision and recovery in the determination of non-carbonate carbon.

Taken Carbon (gg) Sr Recovery
Samples

(g) Added Found* (%) (%)

JG-1 0.5 0 21.5 17 —
4 0.2 100 109 4 101

. 0.2 200 207 3 99
JB-1 0.5 0 57 11 —

” 0.2 200 221 4 99

” 0.2 400 412 2 97

* Average (n=>5).
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