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A B S T R A C T  

A sensitive and reproducible method for elemental 
analysis of rock and soil samples has been developed 
using a modified Hewlett-Packard 185 CHN analyzer. 
Samples are combusted in an inert He atmosphere 
(with and without catalyst) with a carefully con- 
trolled combustion time and temperature. Absolute 
mass calibration is available on samples of from 1-500 
/~g total CHN content. Analysis of chromatograms is 
made by both manual and computer techniques. 
Finely crushed rock (or dust) samples of from 50-100 
mg may be analyzed for most forms of carbon 
content and for N and H with a high degree of 
technical reproducibility. Step-wise calcination at 
t 50 C and 550 C allows evaluation of adsorbed CO2, 
potential organic and amorphous carbon content. 
Although carbide carbon is partially recovered, essen- 
tially quantitative recovery of finely divided graphitic 
(and diamond) as well as amorphous, carbonate and 
all organic carbon may be obtained. 

I N T R O D U C T I O N  

For many decades elemental analysis by the classic 

1 Presented in part at the AOCS Meeting, Houston, May 1971. 

techniques of Pregl for C and H and Dumont for N have 
been the ultimate standard and criteria for purity in organic 
microanalysis (1). The traditional apparatus and procedures 
placed unusual and severe technical demands upon the 
analyst. However with the introduction of the semiauto- 
mated CHN analyzers a few years ago, the ease and rapidity 
of analysis suddenly improved. Such improved elemental 
analytical procedures have been reviewed and compared by 
Salzer (2). Under optimum conditions essentially equivalent 
results may be obtained by such CHN analyzers as 
compared with the classical techniques (3)+ Although 
normally applied to organic microanalysis, this CHN tech- 
nique with modifications can be applied to the analysis of 
crushed rock and soil samples of small particle size. 
Extremely low levels of C, H and N may be measured. 
Further some discrimination with regard to the presence of 
organic, carbonate, amorphous, graphitic (or diamond) and 
carbide carbon may be made. 

METHODS AND M A T E R I A L S  

All elemental analyses were made on a modified Model 
185 CHN analyzer equipped with an HP-18 helium purifier 
(Hewlett-Packard, Palo Alto, Calif.). To permit absolute 
mass calibration the automatic attenuator and coupling 
with the Cahn Gram-O-matic balance was disconnected. 
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TABLE I 

Evaluation of E trots, Low Level Carbon Analysis 

Reco rde r  pe r fo rmance  was m o n i t o r e d  and resul t s  insured  
on  all samples  by  feeding the  t he r m a l  c o n d u c t i v i t y  d e t e c t o r  
o u t p u t  to  two  i n d e p e n d e n t l y  a t t e n u a t e d  1 m V  str ip cha r t  
recorders  (Model  V-16, Minneapol is  Honeywel l ,  Minne-  
apolis, Minn.) .  Line vol tage to all cr i t ical  c o m p o n e n t s  was 
s tabi l ized us ing a Sorensen  vol tage regula tor .  

Cer ta in  appara tus  mod i f i ca t i ons  were r equ i red  to im- 
prove  p e r f o r m a n c e  and to achieve needed  s tabi l i ty  at  
m a x i m u m  sensi t ivi ty.  Some of  these have been  p resen ted  
earl ier  (4) ,  and those  ut i l ized here  are as fol lows:  a dual  
channe l  12 h r  cycl ing  H 2 O-glycerol  humid i f i e r ,  p e r m i t t i n g  
h igher  humid i f i c a t i on  dur ing  the  n igh t  and  lower  dur ing  the  
day ' s  r u n n i n g  per iod ;  a f iner  zeroing p o t e n t i o m e t e r ;  an  
a m m e t e r  for  the  furnace  circuit  to  r ep roduc ib ly  set the  
furnace  variac;  a f oo t  swi tch  wi th  a precis ion t imer  to  
exact ly  t ime  (and  to  vary precise ly)  the  furnace  c o m b u s t i o n  
(and  bypass)  cycle;  the  c o l u m n  fan m o t o r  is d i sconnec ted  
to avoid noise;  a s i l icone r u b b e r  in j ec t ion  rod gasket  is 
subs t i t u t ed  for  the  v i ton  gasket ;  and  a close f i t t ing  quar tz  
sleeve is ins ta l led on  the  Has te l loy  " X "  ox ida t ion  furnace  
tube  to p ro long  life and  to  e l imina te  i r regular  t ube  sag. Also 
a ca l ibra ted  ch romel -a lumel  t h e r m o c o u p l e  m o n i t o r  was 
p rov ided  wi th  op t ions  for  m o n i t o r i n g  e i the r  outs ide  or 
inside the  ox ida t ion  furnace.  The  la t t e r  m o n i t o r  consis ted  
of  a t h e r m o c o u p l e  e m b e d d e d  in a specially fabr ica ted  
in jec t ion  rod p e r m i t t i n g  m e a s u r e m e n t  of  the  t e m p e r a t u r e  

Quantified errors Unquantified random errors 

Injection rods, duplicate pairs 
Operator 1 (GRS) n = 61, 

OSE M = -+ 0.100/sg C 
Operator 2 (FTL) n = 22, 

OSE M = -+0.109 #g C 
Injection rods + 30-35 mg 

catalyst, all run the same 
day 

Operator 1 and 2n = 10, 
~rSE M= ± 0 . 1 8 4 ~ g C  

CaCO 3 calibration, 15-21 /ag 
carbon (125-175 #g 
CaCO3), duplicate pairs 

Operator 1 (GRS) n = 25, 
OSE M = +0.193 #g C 

Operator 2 (FTL) n = 7, 
OSE M = -+0.196 gg C 

rise wi th in  the  sample  cavity (as a f unc t i on  of  t ime)  dur ing  
typica l  c o m b u s t i o n  cycles. 

Analysis  of  c h r o m a t o g r a m s  was by  e i the r  manua l  or 
c o m p u t e r  process ing  of  the  data.  The  m a n u a l  p r o c e d u r e  for  
c a r b o n  a lone assumed mass l inear i ty  of  the  peak  he ight -  

Manipulation of sample, 
sampling statistics and 
associated problems, in- 
cluding "coning effect," 
i.e., segregation of large 
from small particles and 
segregation of denser from 
lighter particles of similar 
size. 
Contamination (sample 
containers, dust fallout, 
gasket scrape, etc.). 
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FIG. 2. Calibration curves for N, C, H and total mass obtained over the range of 20-500 pg stearamide. 
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FIG. 3. Low level carbon calibration of CaCO 3 and steararnide, no catalyst (CAT). 

background measurements .  For  CHN measurements  a com- 
puter  sequence,  using peak height  x effective elut ion t ime 
as a parameter ,  for  each e lement  was employed  as described 
earlier (4). Atl such data  were processed at the Lawrence 
Berkeley Labora tory  Compu te r  Center  using a Cont ro l  Data 
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FIG. 4. Graphitic carbon recovery with the catalyst as matrix. 

Corporat ion 6600 computer .  A primary absolute mass 
calibration over the dynamic  range (20-500 ~tg) of the 
ins t rument  was made for C, H and N, using weighed 
standard samples of  s tearamide with 35-40 mg catalyst  
(MnO2 + WO3). Best fit  third order  polynomials  were f i t ted 
to the three components .  Normally  daily calibration in- 
volved the use of  a calcined (550 C) CaCO 3 standard 
(130-150 ~g) or 350 /ag me thy l  stearate samples. The 
former  were weighed in Hewlet t-Packard 5080-5045 boats  
and empt ied  into  the inject ion rod cavity w i thou t  catalyst.  

Using the daily calibration values, the pr imary calibra- 
t ion polynomials  were rotated so the curves fell on the 
mean point  or points  measured.  At  levels of 15-18 wg 
carbon (as carbonate)  f luctuat ions  in absolute carbon mass 
cal ibrat ion were consistent ly less than +-2% over the 
exper imenta l  period repor ted  here, whether  measured 
before or af ter  the sample analyses. Standards calcined at 
5 5 0 C  included amorphous  CaCO3, -325 mesh graphite 
(C-00t) ,  -325 mesh Cr3C 2 (CR-11) (Research Organic/  
Inorganic Chemical  Corp.,  Sun Valley, Calif.), and synthet ic  
d iamond ultra  fines (General  Electric Co.,  Worthington,  
Ohio). Other  standards used were argillaceous l imestone 
(Standard Reference Material lb, National  Bureau of  Stan- 
dards) and calci te crystal. A sample of crushed Sierra 
Nevada Lati te  was used for direct s tudy and, af ter  7% 

TABLE II 

Recovery of Amorphous Carbon, Lamp Black 245 ca, b 

LT + LB 
Sample LT (550 C) No CAT, b pprn LT + CAT, ppm LT + LB No CAT, btg CAT, btg 

12.3 15.3 
10.2 15.4 

Amount expected 
from LT 0.85 1.20 

0.76 1.05 
Mass LB added 21.3 21.2 

13.4 18.9 
Mass C found 1.22 22.69 

0.97 19.62 
ALB to chromatogram 0.37 (1.7% recovery) 21.5 (4 0.3) 

0.21 (1.6%recovery) 18.6 (- 0.3) 

aCaCO3 calibration, 22.50 ~tg C, l mV full scale (no attenuation), manual calculations. 
bLT = Latite-TiO2; CAT = catalyst; LB = lamp black. 



APRIL, 1972 LINDGREN ET AL: ELEMENTAL C, H AND N MICROANALYSIS 211 

120 

1dO 

E 
80 

o) 
Q. 

eo 

O 
o 4 0  
0~ 

t ic 

o i 

o 
o ? 

o 

20 

o] ~ i 

Sample A, 0 4/z 

(10 15 #g. 192 ppm C) 

t 
60 

B 

o 

I ~ _  I 
180 

Burn time, seconds 

Sample B COalSe dtlSl 

(8 14 # g  189 ppm C) 

I 
6 0  180 

FIG. 5. Synthetic diamond dust recovered in the catalyst matrix. 
Coarse dust was -325 mesh. 

e n r i c h m e n t  wi th  TiO 2 and ca lc ina t ion  (550  C), was ut i l ized 
as a low level s t andard  and  mat r ix .  

To allow adequa te  pack ing  of  50-100  mg c rushed  rock  
specimen ( w i t h o u t  loss) plus a p p r o x i m a t e l y  40 mg cata lys t ,  
i t  was f o u n d  necessary to use the  older  style in jec t ion  rods 
(F & M No. 2-5554) .  A l t h o u g h  Perk in-Elmer  boats  
(29-410  M) and Hewle t t -Packard  5080 -5045  boa t  caps were 
used for  the p r imary  ca l ibra t ion ,  to  min imize  b a c k g r o u n d  
daily CaCO 3 ca l ibra t ion  and the  c rushed  rock samples  were 
placed di rect ly  in the  in jec t ion  rod cavity.  

Samples  were c o m b u s t e d  in an ine r t  He a t m o s p h e r e  wi th  
and w i t h o u t  catalyst .  A t  an ox ida t ion  furnace se t t ing  of 
1065 C the 20 sec t he rma l  rise wi th in  the  cavity was 930  C, 
a l t hough  some addi t iona l  c o m b u s t i o n  c o n t i n u e d  af ter  the  
furnace f low m o d e  was resumed.  These  c o m b u s t i o n  con-  
di t ions ,  w i t h o u t  cata lys t ,  gave quan t i t a t ive  recovery  of 
c a r b o n a t e  ca rbon  and  at low levels (less t han  1 0 0 # g ) m o s t  
organic ca rbon .  A m o r p h o u s  ca rbon  and higher  levels of 
organics required catalyst .  A comple t e  profi le  of  t emper -  
ature wi th  t ime is shown  in Figure 1. Longer  b u r n  t imes 
than  20 sec wi th  ca ta lys t  al lowed essential ly quan t i t a t ive  
recovery of b o t h  graphi t ic  and d i a m o n d  fines, bu t  only  
par t ia l  recovery of carbide  carbon.  

R E S U L T S  A N D  D I S C U S S I O N  

Table  I shows the  s tabi l i ty  of  the  i n s t r u m e n t  wi th  
respect  to in jec t ion  rod background ,  porcela in  m o r t a r e d  
and calcined (550  C) ca ta lys t  and  the daily CaCO 3 
cal ibra t ions .  Also po t en t i a l  sources  of r a n d o m  er ror  in 
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FIG. 6. Chromium carbide recovery in the catalyst as matrix. 

sample analysis are given. 
The  results  of  a comple t e  s t ea ramide  ca l ibra t ion  for  N, 

C, H and to ta l  mass are given in Figure 2. However  since 
m a n y  analyses involved small  amoun t s  of ca rbon ,  a lower  
level ca l ibra t ion  was needed .  Figure 3 shows a CaCO 3 
ca l ib ra t ion  d e m o n s t r a t i n g  l inear i ty  over the  range of  5-90 
/Jg C. A similar ca l ib ra t ion  curve is ob ta ined  over the  same 
range of c a r b o n  for  s t ea ramide  w i t h o u t  ca ta lys t ,  i l lus t ra t ing  
quan t i t a t ive  recovery  at such levels of  carbon .  Weighing 
errors a ccoun t  for  the  s ignif icant  d i f fe rence  in the  s t andard  
error  of m e a s u r e m e n t  values for  the two  sets of data.  

The  recovery of a m o r p h o u s  ca rbon  at a level of  2 0 / l g  
was tes ted  wi th  and  w i t h o u t  catalyst .  Table II shows 
approx ima te ly  2% recovery w i t h o u t  ca ta lys t  and wi th  
ca ta lys t  essential ly 100% recovery  (cons ider ing  the  er ror  of  
weighing).  

Ideal ized recovery of  graphi t ic ,  d i a m o n d  and  inter-  
med ia t e  type  carbide  c a r b o n  was evaluated  us ing the  
ca ta lys t  as a mat r ix .  This was done  to e l imina te  the  large 
er ror  i n h e r e n t  in using a ma t r ix  such  as the  c rushed  lat i te.  
(The  weighed ca rbon  and cata lys t  were m o r t a r e d  u n d e r  
near ly  dust-free cond i t ions . )  To evaluate  this  recovery it  

TABLE III 

A. Recovery (ppm) of Carbon in Raw Latite, 
Latite-TiO 2 and CaCO 3 Content of Argillaceous Limestone a 

(Raw Latite) (Latite-TiO2) 550 C (Argillaceous Limestone) b 

29 Sept 70 22 Sept 70 25 Sept 70 22 Sept 70 18 Mar 70 

450,395 11.6 11.9 93.29% (18.47) 93.33% (271.6) 
356,331 13.0 11.3 92.47% (17.51) 92.48% (305.2) 

11.2 11.3 

aManual calculations (#g C analyzed in parentheses). 
bStandard reference material l b, 110 C, 2 hr (91.3%, CaCO3). Wt% values given assume all carbon as carbon- 

ate. 

B. Recovery (ppm) of Forms of Added Carbonate to 
(Latite-TiO2)550 C Matrix, Porcelain Mortared a 25 Sept 70 

E 201.3 ppm Z; 201.6 ppm >2 201.7 ppm 

(L-TiO)550 C + (CACO3)550 C (L'TiO)550 C + (Ar°g°nite)110 C (L-TiO)550 C + Calcite 

206.0 (13.40) 203.9 (13.59) 196.4 (11.66) 
205.0 (11.33) 206.2 (13.30) 198.6 (13.16) 

aManual calculations (#g C analyzed in parentheses). Calcite was not calcined. 
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TABLE IV 

Recovery (ppm), Mixed Carbon Standard 
120 ppm (CaCO3) + 30 ppm (EDTA) Carbon + (Latite)550 C Matrix 

VOL. 49 

9 August 70 11 August 70 12 August 70 14 August 70 15 August 70 

(Parent latite)s50 C Mcsa MCS MCS MCS 
8.0 (1.03) 167.2 (8 .05)  160.0 (6.22) 159.2 (9 .57)  175,0 b (7 .40)  
8.4 (1.03) 166,6(9 .64)  161.0 (6.59) 175.1 b(12.96) 175.2 b(10.17) 
6.4 (0.63) 160.8 (10.26) 160.6 (10.20) 161.5 (8 .70)  
6.6(0.58) 169.2 (6 .86 )  161.6 (9 .50)  

CaCO 3 standard (~g C, t mV full scale) 
22.51 22.01 22.24 22.66 
22.22 21.61 21.77 22.20 

(Parent latite)550 C 
6.6 (0.72) 
6.6 (0.73) 

aMCS = Mixed carbon standard. 
bprobable contamination. (/~g C analyzed in parentheses), manual calculations, no catalyst. 
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was also necessary to run a profile of  burn t imes f rom 20 
sec to as m u c h  as 7 rain. The data in Figures 4 and 5 
demons t r a t e  essentially quant i ta t ive  recovery at 40 sec in 
this sys tem for  small particle-size graphit ic ca rbon  and 
d i amond  at the  t and t0  /lg levels, and 10 #g  level, 
respectively.  However  the recovery of  Cr3C 2 shown in 
Figure 6 i l lustrates a unique  profile of  partial recovery.  
Again such reproducible  partial  recovery was d e m o n s t r a t e d  
at b o t h  the  1 and 10/ lg  levels of total  carbide carbon.  

Since m u c h  of  the ca rbon  presen t  in terrestr ial  rock  and 
soil samples is in the form o f  ca rbona te  and organic ca rbon ,  
the recovery of these forms at a level o f  200 ppm in a 
calcined latite-TiO 2 matr ix  was tested,  Standard  20 sec 
burn t imes were used and no  catalyst  employed .  Table I l i a  
and B show quant i ta t ive  recovery of  amorphous ,  arogoni te  
(argillaceous l imes tone)  and calcite forms of  carbonate .  
Table IV shows the recovery of a c o mb i n e d  CaCO 3 and 
organic s tandard in the calcined latite matr ix .  Again 

TABLE V 

Raw Latite, Sample 1, Carbon Recovery (ppm), Particle Size Effect a 

Fraction Burn times Burn times 
(/~ size) Wt % 20 sec 20 sec 

No. 1 4.8 248 (260) ~5 Whole crush 325 (571) 
(418 < d )  390 (111) 326 (544) 

95 (184) (414) 
627 

No. 2 9,5 164(188) E5 I Ci x wt% = 341 (435) 
( 2 9 6 < d < 4 1 8 )  101 (271) 

137 
No. 3 15.5 150 (150) Burn times 

(209 < d  <296)  157 (189) 
No. 4 25.7 216 (251) 40 sec 60 sec 180 sec 

(125 < d  <209)  208 (276) 
No. 5 44.5 508 (684) 632 (860) 661 (982) 745 (950) 

(d <125)  539 (712) 638 (919) 696 (953) 767 (922) 

aSample mass 64-142 rag, (12-98/zg C), manual calculations (values with catalyst in parentheses). 

TABLE VI 
Raw Latite, Sample II, Carbon Recovery (ppm), Particle Size Normalization a 

Burn times 

Sample, # size) 20 Sec 20 Sec b 40 Sec b 60 Sec b 180 See b 

No. 2 115 292 (296) ( 3 0 0 )  ( 3 2 0 )  ( 3 2 6 )  
( 2 9 6 < d < 4 1 8 )  142 282 (290) ( 3 1 0 )  ( 3 2 4 )  ( 3 1 0 )  

No. 3 209 254 (277) ( 2 9 6 )  ( 2 8 6 )  ( 2 8 5 )  
( 2 0 9 < d < 2 9 6 )  151 250 (293) ( 2 9 2 )  ( 3 2 4 )  ( 2 7 8 )  

No. 4 2t9 353 (385) ( 4 5 4 )  ( 4 5 2 )  ( 4 1 7 )  
( 1 2 5 < d < 2 0 9 )  233 340 (410) ( 4 3 7 )  ( 4 4 2 )  ( 3 9 6 )  

No. 5 536 (704) ( 9 8 4 )  (1023) (1000) 
(d <~ 125) 580 (724) (1008) (1003) (1000) 

536 (758) 
572 (756) 

•5 whole crush 450 331 
356 395 

aSample mass 48-128 mg (16-93 gg C). Manual calculations (values with catalyst in parentheses). 
bFractions 2-4 are normalized to d < 125 g. 
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TYPICAL CHN CHROMATOGRAMS (1 x) 
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of carbon analyzed (all at maximum sensitivity, l mV full scale). 

reproducible quantitative recovery is achieved at approxi- 
mately the 10/Jg level of total carbon. All the higher values 
represent probable contamination, reflecting the limitations 
of the method by various random errors, discussed earlier. 

Some detailed analysis of the raw latite sample itself was 
made. The particle size distribution (by dry sieving) and 
approximate chemical composition (5) of this sample are 
given in Figure 7. The effect of particle size on the amount 
and recovery of carbon is given in Table V. This is evaluated 
both by extending burn times and by combusting with and 
without the catalyst. Carbon content appears to increase 
with decreasing particle size, although there are obvious 
sampling difficulties with the larger particle fractions 1 and 
2. There is also a definite increment of carbon recovered 
with catalyst, suggesting the presence of amorphous or 
graphitic carbon, or both, and a plateauing of recovery (for 
fraction 5) at about 40 sec. An additional consideration 
involved completeness of carbon recovery of the larger 
particle fractions, particularly with the instrument limita- 
tion on combustion temperature. To test this, fractions 2, 3 
and 4 of another aliquot of parent latite were normalized to 
the sample particle size of fraction 5 by porcelain mor- 
taring. The results given in Table VI indicate substantially 
increased recovery after mortaring, but consistently lower 
carbon values in the originally larger particle size fractions. 
Again essentially quantitative recovery was observed for the 
40 sec burns with some additional recovery in the presence 
of the oxidizing catalyst. 

Two additional samples were analyzed in some detai l -a  
Hawaiian basalt and a sample of the Pueblito de Allende 
meteorite. The latter sample was analyzed under standard 
burn conditions with and without catalyst. Complete 
computer analysis of duplicate and triplicate runs is given in 
Table VII. The reproducibility is very good and the values 

for total N and C content are in reasonable agreement with 
data given previously by other techniques on samples from 
this meteorite. For example Cronin and Moore (6), using 
much higher combustion temperatures, give a value of 2500 
for C and 60 for N. 

Lastly a sample of Hawaiian basalt was similarly ana- 
lyzed with and without catalyst and after porcelain 
mortaring. Values given without mortaring illustrate sam- 
pling and recovery problems, particularly when large 
particles are present. However after porcelain mortaring 
there is good reproducibility for all elemental components 
emphasizing the need for using samples of small particle 
size with this technique. Further the data for carbon are in 
agreement with 150 ppm reported by Kaplan et al. (7), 
using a different combustion technique, and 140 ppm 
reported by Burlingame et al. (8), using vacuum pyrolysis 
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FIG. 9. Recovery of various forms of carbon using CHN ele- 
mental analysis and appropriate calcination. 
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TABLE VII 

CHN Analysis of a Pueblito de Allende Meteorite Sample a 

VOL. 49 

Abundance, ppm 

24 Jul 70 N C H 

Atom ratios 

N/C H/C 

No catalyst 39.4 (2.11) 1890.2 (I 00.9) 660.9 (35.28) 
40.8 (2.67) 1882.8 (123.3) 657.1 (43.04) 

Plus catalyst  40.6 (2.79) 1887.3 (129.8) 660.4 (45.42) 
38.4 (2.26) 1847.9 (108.9) 667.2 (39.30) 
40.6 (2.57) 1855.5 (117.2) 655.2 (41.40) 

0.01789 4.17 
0.01859 4.16 

0.01844 4.17 
0.01781 4.30 
0.01877 4.21 

aValues in parentheses are ~tg of N, C and H mass analyzed. 

TABLE VIII 

CHN Analysis of a Hawaiian Basalt, (I. Kaplan, BTS-17-50) a 

Abundance, ppm 

23 Jul 70 N C H 

Atom ratios 

N/C H/C 

No catalyst 6.6 (0.40) 80.9 b ( 4 . 8 5 )  38.9 (2.33) 
8.8 (0.85) 119.8 (11.51) 52.1 (5.00) 

11.9 (0.86) 117.5 ( 8 . 5 1 )  49.2 (3.56) 

Plus catalyst 7.2 (0.34) 87.7 ( 4 . 2 1 )  73.2 (3.51) 
7.0 (0.36) 77.1 ( 4 . 0 1 )  58.1 (3.02) 

29 Sep 70 
No catalyst  14.6 (1.03) 155.1 (10.86) 82.7 (5.79) 
Porcelain 12.2 (1.02) 144.7 (12.05) 78.7 (6.55) 
mortared 11.2 (0.57) 1 4 4 . 4 ( 7 . 3 3 )  76.3 (3.87) 

0.0702 5.73 
0.0631 5.18 
0.0866 4.99 

0.0702 9.95 
0.0773 8.99 

0.0810 6.35 
0.0725 6.48 
0.0662 6.30 

aSample range 51-96 mg. (Values in parentheses are/~g of N, C and H mass analyzed.) 

bLarge glassy object included. 

with analysis by high resolution mass spectrometry. Since 
Hawaiian basalt represents a good example of low level C, H 
and N analysis, it is worthwhile to present typical chroma- 
tograms used in this analysis. Figure 8 shows the chromato- 
grams for an injection rod, rod + catalyst, the basalt and the 
low level daily CaCO 3 calibration, all at maximum sensi- 
tivity of the instrument. 

Although application of this technique has been limited 
to several terrestrial samples and lunar material, reported 
elsewhere (9), some estimation of the forms of carbon 
present in a given sample may be made. This requires 
comparison of yields before and after appropriate step-wise 
calcination conditions. Thus calcination in the presence of 
oxygen at 150 C should remove adsorbed CO 2 and volatile 
organics. Additional calcination at 550 C should remove the 
remaining organics and amorphous carbon. Finally by 
extending burn times beyond the customary 20 sec time, an 
estimation of graphitics or diamond fines, or both, as well 
as the presence of refractory carbide may be made. Such 
analyses should be made with and without catalyst. The 
broad feature of an interpretive scheme are presented in 
Figure 9. 

There are of course difficulties and limitations to this 
method. Among them are the unknowns involved in the 
chemical interactions of the various forms of carbon with 
compounds and elements present in the sample matrix. 
Further some noncontaminating procedure for reducing the 
particle size appropriately must be employed before analy- 
sis. However the method is sensitive, reproducible and gives 
a simultaneous analysis of C, H and N on each sample, 
allowing additional evaluation of sampling problems and 
random contamination. Also some improvements in sta- 
bility, sensitivity and accuracy may be anticipated using a 
suitable electronic integrator to provide precise peak area 
measurements with either this stabilized column system or 

with a standard instrument equipped with a Polypak (10) 
or Poropak Q column. Perhaps such analyses might have 
potential application in such diverse areas as the analysis of 
unusual geological specimens, petroleum engineering and 
possibly criminology. 
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