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INTRODUCTION

(Table 1, Fig. 1)
Sixteen outcrop samples from the Brooks Range 1n Alaska were analyzed for TOC

content and with Rock-~Eval pyrolysis. Twelve of Lhe samples were designated for kerogen
microscopy and seven for golvent extraction and whole extract gas chromatography. No
other analyses were authorized but biomarker (gc/ms) data on a few samples would have

provided useful information.

KEROGEN DATA

Total organic carbon is variable but most samples are rated as good (1.0 - 2.0 wt.%
TOC) in source quality. A few are organic lean and are non source rocks (less than 0.5
wt.% TOC) and one (93-MU-80-1) Is very organic rich (4.63 wt.® TOC). Organic carbon
contents can be reduced by outcrop weathering but this does not appear to be a major

problem here. Some reduction due to maturity, however, has taken place.

Pyrolysis responge is very low in nearly all of cthe samples, apparencly due
primarily to fairly high maturity. Tmax values are high for most samples (449 to

483°C), indicating maturities bhetween about 1.0 and 1.5 R,- Lower Tnax values (444 &
4450C) for samplea 93-MU-80-1 and la suggest maturities between 0.7 and 0.5 R,- Very
low T ., values (426 and 296°C) for gamples 93-MU-104 and 104-6 are invalid due to poor
pyrolysis response. Sample 93-MU-80-1 differs from the others ng having a much higher
hydrogen Index (367), indicative of moderately mature, type I f o?i géneracing kerogen.
It is possible that pyrolysis response has been reduced by outcrop weathering but thls
does not appear Lo be the case in these samples. Low oxygen indices also attest Lo lack

of kerogen oxidation.

Kerogen microscopy on twelve samples reveal mixed marine and ‘tl.errigencus organic
matter with the marine componeat being the most abundant jn most sawples. Solid bitumen
is very common and indicates thac c¢il generation has taken place. Structured lipids are
primarily liptodentrinite or minor tsrrigenocus sporinite and cutinlte. Tharmal maturity
based on good vitrinite populations vanges from 1.17 to 1.47 Ro for wost gamples and is
supported by pyrolysis T nax data, 2+ to 3- TAI values, weak orang= structured liplds
fluorescence, and moderate to intense background fluorescence intenaity. These samples
appear to be nearly spent oil source rocks in Che late stages of oil generation. The
pregence of appreciable amounts of terrigenous organic matkter including come high rank,

recycled material, probably has reduced the oil generation capability of most samples.



1993 Mull, Crowder Geochem Samplas

17-Dac-93
Sample # Formation Discription Location Collector Comments
93-Mu-101 * Torok Fm. ? Eagle Craek Mull
93-Mu-104 Kingak Sh. ? Kukpowruk R Mulf
93-Mu-104-8 Kingak Sh. ? Kukpowruk R. Mult
93-Mu-80 Kingak Sh. ? Surptisa Creak Mull
93-Mu-80-1 Shublik £m, ? Surprise Creek Mull
93-Mu-80-1a Shublik Fm. Paper Surprise CreeX Mull
93-Mu-84 Kingak Sh. ? Tingmerkpuk Mnt. Ml
93-Mu-87 L. Brookian Sh. ? Eagle Craek vl
$3-Mu-88-1 Torok Fm, Tingmerkpuk R. Ml
93-Mu-93 L. Brookian Sh. ? Tingmerkpuk Mnt, SE Mult
93-RK(C-22-12-8 Kingak Sh, Sh Tingmarkpulc Mtn. Crawder
93-RKC-22-136-8 (Tingmarkpuk Ss SS Tingmerkpuk Mtn. Crowder
83-RKC-22-1538. 'Tingmerkpuk Ss| Org SS Tingmerkpuk Mtn. Crowder
83-RK(-22-38-B | Tep Kingak Sh. Tingmerkpnk Mtn. Crowder
83-RK(C-22-43-B |[Tingmerkpuk Ss ? Tingmerkpuk Mtn, Crowder
93-RKC-22-72-8 [Tingmerkpuk Ss S8 Tingmerkpuk Mtn. Crowder
Table 1. Ust of geochemical samples
ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA
BROOKS RANGE QUTCROPS
Project: DGS!/93/2826
SAMPLE IDENTIFICATION TOC s1 $2 3  Tmx SU H ol s 3
DGS1 D Wt mg/g mg/g mg/g degC  TOC §3
{
1 93.MU-(01 - 1.30 0.31 041 0.34 479 24 32 26 1.21 0.43
2 93.MU- 104 - 036 0.08 005 0.06 428 8 14 17  0.83 0.38
3: 93.MU-104-6 - ] 014 0.01 000 0.02 296 7 0 14 0.00 1.00
4 93-MU-80 - i 1.87 014 057 0.23 . 461 7 30 12 248 020
5 93-MU-80-1 | 463 214 17.00 034 445 46 367 7 S0.00 O.M1
6 93-MU-80-1a | 092 034 086 008 44 37 93 10 9.56 0.28
7 93-MU-84 | 0.41 0.01 0.00 0.11 449 2 0 27 0.00 1.00
8 . 93-MU.87 1.81 0.23 055 0.52 483 13 o 29 1.06 028
9 93-MU-88-1 1.06 015 036 0.08 475 14 34 6 6.00 029
10 93-MU-93 | 166 026 076 0.26 469 15 45 15 292 025
11 0 93.RKC.22-12-B 0.18 0.01 0.01 0.03 477 >} 6 17 033 050
12 ©  93-RKC-22-138-B 1.27 008 041 013 453 8 32 0 0.00 0.18
13 1 93-RKC-22.153-8 | 119 004 026 003 465 3 22 3 867 013
14 : 93.RKC-22-36-B 184 008 056 0.04 483 4 30 2 1400 013
15 ;  93.RKC.22.43-B 150 007 0.31 013 476 ) 21 9 238 0.18
16 | 93-RRC-22-72.B | 132 0.05 041 008 4S5 4 31 0 0.00 014

Table 2. Organic carbon and Rock-Eval pyrolysis data
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Fig. 1. Map showing location of geochemical samples, DeLong Mountains and western Misheguk Mountain quadrangles.



BROOKS RANGE OUTCROPS
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FIGURE 2 - Kerogen type determination from TOC and Rock-Eval pyrolysis
data, Types I and II will generate oil, type III gas, and type IV
little or no hydrocarbons.




Samples 93-MU-B0, 80-1 and 80-la contain similar type kerogen but appear to be lower in
maturity than the others. Sample 93-MU-80 has a maturity of 0.92 Ro but the 0.74 & 9.77
Ro maturities of samples 93-MU-80-1 and 80-1la are questionable due to limited
reflectance measurements. It is possible that the vicrinite in Cthese two samples is
weathered, 1lipid rich, or that some of the R, values are on small fragments of solid
bitumen. Other maturity indices such as pyrolysis Tmax‘ kerogen fluorescence, and TAI

support a maturity of about 0.9 to 1.0 R, for these samples.

EXTRACT DATA

Seven outcrop samples were solvent extracted and analyzed with whole extract gas
chromatography {gc). Six samples have low extract/TOC ratios {0.011 - 0.051) and
probably contain indigenous bitumen. Sample 93-MU-80-1a has a high extract/TOC ratio

(0.209), indicacing that iCL contains migrated bitumen.

Samples 93-ML-80-1 and 93-MU~80-1la, from the Upper Triassic Sublik FPormation at
Surprise Creek, contain indigenous and migrated bitumen, respectively. Whole extract
gas chromatograms are similar, indicating the same s8ource and Chermal macuricy.
Therefore, the migrated bitumen {n sample 93-MU-80-1a was probably derived from
adjacent, more organic-rich Sublik source rocks. The two extracts show guite similar
Cl5+ mn-alkane distributions {(continuocusly decreasing with increasing carbon number) ard
isoprenoid distributions. The pristane/ncl7 ratios (0.45 - 0.47) and phytane/nc18
ratios (D.19 - 0.21) (see Figure 3), high pristane/phytané vatios (2.6 - 2.7), CPI
values > 1 (1.08 - 1.10) and minor C25+ n-alkanes indicate a mixed organic scurce with
relatively minor terrigenous organic matter (probably deposited under oxic or suboxic
conditioas). A thermal maturity close to Cthe peak oil generation stage ig also
indicated. pristane/phytane ratios and pristane/ncl7 ratios for these samples might
have been 1increased due to surface weathering and, theretore may not reflect true
depositional conditions. Kerogen microscopy data indicate a predeminance of oil
generating 1lipid kerogen and minor terrigenous organic matter in cthe mixed organic
source facies. T rax daca of 444 - 445°C are comparable with the maturity suggested from
the pristane/nc17 versus phytane/nc18 plot. Measure Ro data (0.74 - 0.77%) are

approximate and are somewhat lower.
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Sample 93-MU-80 from the Neocomian Xingkak ghale at Surprise Creek contains
indigenous bitumen. A whole extract gas chromatogram suggests a mixed organic source
(type IT/III} with significant terrigenous organic matter deposited under mild to
moderately oxic conditions and a peak o0il generation stage thermal maturity. This is
evidenced by the high pristane/phytane ratio of 2.0, the c¢ross plot of pristane/ncl7
{0.35) versus phyr_ane/nc18 {(0.23) in PFigure 3, very significant c25+ n-alkanes, an odd
carbon numnber predominance in the nCyg - nc35 range, and the high CPI of 1.33. Kerogen
microscopy data show 658 lipid kerogen (unstructured liplds 50%, structured lipids 5%,
solid bitumen 10%) and 35% bumic kerogen {vitrinite 25%, inertinite 10%) and agree with
the gc data. The thermal maturity shown by the prisl‘.ane/ncl7 versus phytane/nc18 plot
(Pigure 3) also agrees with the_ meagured Ro of 0.92%. The Tmax value of 461°C is

unreliable because of the low and undefined S, peak.

Sample 93-RKC-22-153-B probably, from Kingkak shale {(top Ting sandstone), and
sample 93-RKC-22-36-B from Kingkak shale (both from Tingmerkpuk Mountain)} have extract
gas chromatograms that are characterized by mixed organic facies {Lype II/IXI)} with
significant Gterrigenous organic matter and by high thermal maturities. This is
evidenced by high pristane/phytane ratios (2.0 and 5.1, respectively}), the prista-ne/nc17
versus phytane/nC,g plot (Figure 3), and the CPI wvalues (1.21 and 1.0l, respectively).
Kerogen microscopy data support the gc data by showing abundant humic kerogen (2S5 - 40%)
relative to lipid-rich kerogen (60 - 753). A high thermal maturity is also indicated
from cthe measured R, values of 1.43 - 1.57%. T values are unreliable because of low

max

and undefined 52 peaks.

Sample 93-MU-101, representing the Albian Torok Pormation from Bagle Creek,
contains indigenous extract. A whole extrack gas chromatogram shows a mixed organic
source (type IXI?) with primarily teorrigenous organic matter deposited under sub-oxic
depositional conditions and a high thermal maturity. Thigs 1is shown by a nigh
pristane/phytane ratio of 2.4, the priscane/ncl7 (0.37) versus phytane/ncla (0.18} plot
{Pigure 3) and the CPI >) (1.12). Kerogen microscopy data show a high proportion of
humic kerogen (45%) relative to lipid-rich kerogen {55%; unstructured 50% and structured
S%) and support the gec data. %The high measured Ro of 1.478 also supports the high

maturity indicaced from priscane/ncl7 versus phytane/nc18 plot {(Pigure 2).



Sample 93-MU-93, from an unknown formatlon in Tingmerkpuk Mountain, contains
indigenous extract derived from a mixed organic source containing significant
terrigenous organic matter (type II/IYI} and probably deposited under mildly reducing
conditions. This is indicated by the pristane/phytane ratio of 1.3, the pristane/nc17
{0.73) versus phycane/ncIB {0.60) plot in Pigure 3, the CPI >1 (1.06) and abundant C25+
n-alkanes. The pristane/ncl7 versus phytane/nc18 plot and the bimodal n-alkane
distribution sguggest a relatively low thermal maturity (0.70% RO). Kexrcgen microscopy
data agree with the organic source facies suggested from the gc daka. The measured RO
of 1.17 1is significantly higher than that suggested from the priztane/ncl7 versus
phytane/nC, o plot ({Figure 3). The T value .is unreliable because of a low and

undefined 52 peak.

Considering all of the gc data, we conclude that the Brooks Range samples contain
some mature, oil-prone source rocks that have generated and expelled crude oil. The
organic-rich Sublik source rocks (e.g. sample 93-MU~80-1) contain type II, oil-prone
kerogen and are the best quality oil source rocks. The Kingkak shales are malLure Lo
highly mature and contain 1low yleld type II/IXI kerogen which probably has generazed
some waxy oll and gas. The Torok Formation contains highly mature, type III source

rocks that generated mostly gas.
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BROOKS RANGE OUTCROPS
93-MU-80-1 OUTCROP KEROGEN
INTERPRETED MATURITY : 0.74 Ro? Std. Dev. : 0.05 No. Readings : 4

0 T 1 ll i l 2! L i 3| 1
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BROOKS RANGE OUTCROPS
93-MU-80-1a OUTCROP KEROGEN

INTERPRETED MATURITY : 0.77 Ro? Std. Dev. : 0.05 No. Readings : 7

- e e G e e e e emm G e e ewm e M G M eme v wm mmm G Wm e e e W MR G e Gms e MR et e e 4% R e e mw wme e e e mmm e

# 20 ?
15 7
10 7
5 -
= 1mmﬁ.ﬂl e e —
0 1 2 3 4 s T g
4 = Maturity Values REFLECTANCE VALUES
0.46 1.21 1.55
*0.71 1.24 1.85
*0.73 1.32 1.89
*0,77 1.40
*0.,77 1.41
*0.77 1.46
*0,77 1.49
*0.87 1.51
1.11 1.52
1.11 1.52

13



BROOKS RANGE OUTCROPS
93-MU-87 OUTCROP KEROGEN
INTERPRETED MATURITY : 1.47 Ro 3td., Dev. : 0.14 No. Readings : 32

e e e em e e o A o e Em e = e e e o e e am am am e Em am Em e e . e e Er Er es em e e mw am s am am =

# 20

15 1

10

5

—T |f1v171~- e :
0 1 2 3 4 ' 5 ! &

% = Maturity Values REFLECTANCE VALUES
*1.24 *1.42 #1.53 *1.68
x1.24 *1.42 *1.52 ~1.68
A1.25 *1.43 *1.58 1.77
*1.%25 x1.43 *1.59 1.82
+1.58 *1.43 *1.62 1.86
A1028 1.45 Alied 1099
x1.50 ~1.45 *I. 2.14
x1.35 #1.47 *1.64 2.41
*x1:35 *1.47 %1.65 2.51
x1.31 %1.53 *1.65

BROOKS RANGE OUTCROPS
93-MU-88-1 OUTCROP KEROGEN

INTERPRETED MATURITY : 1.19 Ro Std. Dev. : 0.12 No. Readings : 23

# 20 1

15

10

5
T " Ean'q*[‘ I M MR M
0 1 2 3 4 s 5

* = Maturity Values REFLECTANCE VALUES
A0.98 %1.17 *1.35 1.60 2.12
ST I I
x1.04 *1.23 i:%g 1.68 2.41
x1.08 %1.23 1.45 1.71 2.61
:%.%1 :%.26 %.51 %.g%
*1113 *11%5 12?% 1.91
x1.Y4 *1.30 1.55 1.94
x1.15 #1.33 1.57 2.06

14



BROOKS RANGE OUTCROPS
93-MU-93 OQUTCROP KEROGEN
INTERPRETED MATURITY : 1.17 Ro Std. Dev. : 0.11 No. Readings : 24

— e et e e e e s s e e e e am we pw e wm B e e W e w— W am am mm Em e e v v ew m— e e e e ma e e

# 20 T

15

10

5 7 _

Ln..r'm.l. v
0 1 2 3 ¢& 5 Tk

* = Maturlty Values REFLECTANCE VALUES
1.01 41.11 *1.26 1.52 1.80
*1,02 *1.18 *1.34 1.52 2.09
41,07 *1.19 *1.37 1.52 2.21
*x1.08 #*1.20 *1,38 1.57
*]1.08 41.21 1.44 1.60
*1.08 *1,23 %.44 1.62
*1.08 *1.24 .46 1.62
1,10 *1.24 1.46 1.65
1,11 *)1.25 1.48 l.66
*x1.11 *1.,26 1.49 1.74

BROOKS RANGE OUTCROPS
93-RKC-22-138-B OUTCROP KEROGEN
INTERPRETED MATURITY : 1.44 Ro Std. Dev. : 0.12 No. Readings : 25

# 20 1
15 1
10 1
5
v[rltt}_ T rLT N L T
0 1 2 3 4 g TR
* = Maturilty Values REFLECTANCE VALUES
0.64 %1.36 %1.46 2.38
0.87 %1.38 *1.46
0.92 *x1.41 *1.47
1,12 *1.42 *41.48
*1.,21 *1.42 %1.55
x1.23 *1.42 X1.57
*1.32 *x1.42 *1.60
*]1.33 *1.44 *1.66
*]1.33 *1.44 *1.70
*] .36 *1.45 1.85
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BROOKS RANGE OUTCROPS
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BROOKS RANGE OUTCROPS
93-RKC-22-43-B OUTCROP KEROGEN

INTERPRETED MATURITY : 1.43 Ro Std. Dev. : 0.12 No. Readings : 23

# 20 1
15 73
!
10
5 L |
0 ) ' 1 "i ' g I 4 ' I ’Vﬁg ' é
A = Maturity Values REFLECTANCE VALUES
0.93 %1.39 x1.51 1.85
1.02 *1.41 *1,51 1.85
1.0 *1.41 *1.53 1.88
1.07 *1,42 *1.54 1.562
:1.17 il.4§ :I.Sg 1.92
x4 xl-d2 22
*l.%l *].46 1.74
x]1.31 X*1.47 1.78
*1.37 *1.48 1.84

BROOKS RANGE QUTCROPS
93-RKC-22-72-B QUTCROP KEROGEN

INTERPRETED MATURITY : 1.46 Ro Std. Dev. : 0.15 No. Readings : 27

i 20 1
15 1
10
5 -
0 AR 2 A T 2
* = Maturity Values REFLECTANCE VALUES
0.95 *1.39 *1.54 1.76 2.11
1.02 *1.43 #*1.56 1.77
*1,16 *1.45 *1.59 1.80
x1.18 *1.47 *1.60 1.81
x1.22 *1.49 *1.60 1.81
*1.,23 *1.50 *l.6l 1.83
*].29 *1.51 *1l.63 1.85
*]1.34 *1.52 %1.867 1.86
*1.%5 *1.52 *l.éB 1.93
41.38 *1.53 1.72 1.97
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EXTRACT AND GAS CHROMATOGRAPHY

BROOKS RANGE OUTCROPS

DGSI/93/2826

EXTRACT AND GAS CHROMATOGRAPHY RATIOS

DGSI Sample ldentification

No. PPM  Ext./TOC PePh  Pr/C17  PhIC18 CPl TOC
1 93-MU-101 662 0.051 2.4 0.37 0.18 1.12 1.30
4 93-MU-80 321 0.017 2.0 0.35 0.23 1.33 1.87
s 93-MU-80-1 1888 0.041 2.7 0.45 0.19 1.08 4.63
6 93-MU-80-1a 1825 0.209 2.6 0.47 0.21 1.10 0.92
10 93-MU-93 853 0.051 1.3 0.73 0.60 1.06 1.69

EXTRACT AND AREA DATA

DGSI SAMPLE EXTRACT

Na. wt. wit, C17 Pr ci8 Ph C28 C29 C30
1 61.6215  0.0408 101338 37594 87486 15436 11245 0846 8302
4 58.5042 0.0188 2795886 98983 2159868 48894 793867 84246 47087
5 87.6555 0.1277 82856 36886 704397 13693 9212 8506 6533
8 54,1918 0.1120 88571 41805 77582 16280 11881 11087 8296
10 66.1321 0.0568 71386 52099 65185 396827 43424 35866 25888

No. ic13 iC14 iC18 ic18 ic18 ic19 ic20
1 9.2 14.1 31.8 35.4 3.8 4.0 1.6
4 9.1 8.5 11.5 18.0 17.9 23.5 11.6
3 6.0 8.1 11.0 21.2 24.1 21.6 8.0
8 10.7 13.7 13.4 19.2 17.8 18.1 7.0
10 8.8 10.2 16.5 22.8 13.2 16.2 12.4
AREA DATA

DGSI

No. €13 ic14 iC15 ic16 ic18 ic1e ic20
1 87843 134295 302501 336684 36052 37534 15438
4 38416 35883 48356 76014 75425 98953 48894
5 10176 13878 18805 36126 41082 38886 13693
6 24805 31870 31038 44571 41333 41905 18280
10 28135 32814 52810 73105 42431 52099 39627
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EXTRACT AND GAS CHROMATOGRAPHY

BROOKS RANGE CUTCROPS

DGSI1/93/2826

LELERRRT S

EXTRACT

0S

DGSI Semple identification

No. PPM  Ext./TOC Pr/Ph Pr/C17 Ph/C18 CPi TOC
13 93-RKC-22-153-B 152 0.013 2.0 0.21 0.14 1.21 1.19
14 93-RKC-22-36-B 199 0.011 5.1 0.20 0.08 1.01 1.84

EXTRACT AND AREA DATA

DGSI SAMPLE EXTRACT

No. wt. wit. Ccy7 Pr C18 Ph C28 C29 C30
13 67.8166 0.0103 183484 33716 120061 16964 20140 20714 13972
14 72.4508 0.0144 294824 80312 144373 11878 26572 21177 15357

NORMALIZED ISOPRENOID PERCENT

OGS}
Na. ic13 ic14 ic15 ic18 ic18 ic19 120
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 1.8 4.6 5.8 18.2 27.5 36.2 6.9

AREA DATA

0Gs!

No. ic13 ic14 ic15 ic18 ic18 iCt9 ic20
13 3194 7468 13638 41410 41369 33716 16964
14 3001 7918 9975 31084 47048 60312 11878
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ORGANIC CARBON AND PYROLYSIS DATA

Total Organic Carbon (TOC) and Rock-Eval pyrolysis data provide bagic geochemical
information and are frequently used o select samples for more detalled studies,
particularly kerogen wicroscopy. extract chromatography and biomarker analyses. Well
data can be plorfted Lo make geochemical legs. Onless otherwise specifled by a client,
DGSI uses LECO TOC then Rock-Eval II pyrolysis as the standard analytical sequence and
Rock-Eval is recommended for sampleg with greater than 0.4% TOC. Samples for LECO TOC
and Rock-Eval pyrolysis are ground Lo pass through a 60 mesh sieve to assure
homogeneity.

LECO ORGANIC CARBON AND TOTAL SULFUR

TotalL oOrganic Carbon is best determined by direct combustion. Approximately 0.15
grams of sample are carefully weighed, treated with concentrared HCl to remove
carbonates, and vacuum filtered on glass fiber paper. The residue and paper are placed
in a ceramic crucible, dried, and combusted with pure oxygen in a LECO EC-12 or LECO
CS-444 carbon analyzer at about 1,000°C. A laboratory standard is run every $ive
sarmples. Total, insoluble, mineral plus organic sulfur can be determined by the CS-444
analyzer during the carbon analysis. Total carbonale can be determined from sample and
acid residue weight differences or by LECO combustion TOC differences before and after
acid digestion.

ROCK-EVAL II PYROLYSIS

Rock-Eval II pyrolysis is used to determine kerogen type, kerogen maturity and the
amount of free hydrocarbons. About 0.1 grams of the same ground sample uged for LETO
TOC are carefuily weighed in a pyrolysis crucible and then heated to 100°C to determine
the amount of free hydrocarbons, Sl, that is thermally distilled. Nex:, the amount of
pyrolyzable hydrocarbons, SZ’ {3 measured when the sample_is heated in an inert
environment which rises from 300° to 550°C at a -heating rate of 25°C/minute. 51 and 82
are reported in mg HC/g sample. Trax' @ maturity indicator, {s the temperature of
maximum S, generation. When S, values are less than 0.2 mg KC/g sample, the 82 maximum
typically has poor definition and thus, Toax Cannot be reliably determined (Peters,
1986) . Carbon dioxide generated during the 52 pyrolysis, an indicator of Xerogen
oxidation, is collected up to a temperature of 3907C and reported as S, in units of mg
Cozlg sample. A laboratory standard s run every 10 samples. Hydrogen Index ({HI =
sz'loolTOC) and Oxygen Index (Ol = 53'100/Toc) are used as kerogen type indicators when
plotted on a van Krevelen type diagram.

ROCK-EVAL XTI PYROLYSIS PLOS TOC

Rock-Eval II Plus TOC is used to determine both Rock-Eval data {Sy, 85, 8y, Tp\)
and TOC of a 0.1 gram ground sample. With this instrument, the pyrolysis stage (32)
ramps to 600°C at which point the sample is switched to an oxidacion oven where the
sample is oxidized at 600°C for 5 minutes in air to measure the residual organic matter
(34)' A laboratory standard is run every 10 samples. 8y Sy Sy, and S4 are summed
appropriately to calculate TOC, True TOC will be greater thao this caleculated sum for
gamples with maturity greater than about 1.0% Ro because the Rock-Eval final temperature
is inadequate for complete combustion (Peters, 1%86). This instrument is preferred when
there is insufficient sample to run TOC and pyrolysis separately, or when 21l samples in

a study are to be analyzed for both TOC and Rock-£val data without prior TOU screening.
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VISUAL KEROGEN ANALYSIS TECHNIQUES

Visual kerogen analysis employs a Zeiss Universal wmicroscope system equipped with
halogen, xenon, and tungsten light sources or a Jena Lumar microscope equipped with
halogen and mercury light sources. Vitrinite reflectance and kerogen typing are
performed on a polished epoxy plug of unfloated kerogen concentrate using reflected
light from the halogen source. The digital indicator ls calibrated using a glass
standard with a reflectance of 1.02% in oil. This calibration is linearly accurate for
reflectance values ranging from peat (R, 0.20%} through anthracite (R, 4.0%).

Reflectance values are recorded only on good quality vitrinite, including obvious
contamination and recycled materijial. The relative abundance of normal, altered,
lipid-rich, oxidized, and coked vitrinite is recorded. When good quality, normal
vitrinite is absent, notations are made indicating how Lhe maturity 1s affected by
weathering, oxidation, bitumen saturation, or coking. Wwhen normal vitrinite is absent
or sparse, other macerals may be substituted. Solid bitumen, for example is present in
many samples. Although it often has a different reflectance than vitrinite, Jacob’s
calibration chart ¢an be used to obcain an estimated vitrinite reflectance eguivalenc.
Graptolites have about the same reflectance as vitrinite and can often be used ro obtain
maturity data in early Paleozoic rocks that have no vitrinite.

Unstructured lipid kerogen changes in texture and color during the maturatien

process. Typically, wunstructured kerocgen at low maturity is reddish brown and
amorphous. Somewhere between R, 0.50 to 0.658, the kerogen takes on a massive texture
and is gray in color. At higher maturity, generally above R, 1.30%, unstructured

xerogen is light gray and micrinized.

Kerogen typing and maturity assessments from the polished plug are enhanced by
utilizing Fluorescence from blue light excitacion. The xenon or mercury lamp is used
with an excitation filter at 495 nm coupled with a barrier filter of 520 nm. Wich the
Jena microscope we also have the optlon of observing fluorescence under ulcra violet
excitation. The intensity of fluorescence in the epoxy mounting medium {background
fluorescence) correlates well with the onset of o0il generation and destruction. The
identification of structured and unstructured liptinite is also enhanced with the use of
fluorescence in those samples having & maturity less than R, 1.3%. The relative
abundance and type of pyrite is also recorded.

TAI is performed using tungsten or halogen light source that is transmitted through
a glass slide made from the unfloated kerogen concentrate. Ideally, TAI color is based
on sporinite of terrestrial origin. When sporinite is absent, TAl is estimated from the
pastructured lipid materlal. Weathering, bitumen admixed with the unstructured material
and micrinizacion can darken the kerogen and raise the TAl value. The character of the
organic macter in transmitted light {s correlated with observationg made in reflected
light for kerogen typing.

Kerogen Gtyping and macurity asgsegsments from the slide preparation are also
reinforced by using different light sources. The slide is first observed in transmitted
light to obtain TAI color and organic matter  structure or type.
The light is then switched to reflected halegen light to observe structure and awount of
pyrite, and finally to reflected blue light excitatjon from the xenon or mercury source
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for fluorescence. The fluorescence of structured and unstructured liptinite is not
masked by the epoxy fluorescence as it 4is in the reflected light mode because the
mounting medium is non-fluorescent. Remnant 1lipid structures (e.g. sporinite and
alginite) within the unstructured kerogen can often be identified {n blue light.

Marurity calculations are made from the vitrinite reflectance histograms.
Decisions as to which reflectance measurements indicate the maturity of the sample are
based not only on the histogram but on all of the kerogen descriptive elements as well.
Because it iIs not done at the time of meagurement, alternate maturity calculations can
be made 1f kerogen data and geological information Qictate.

In summary, vitrinite reflectance measurements are performed on a polished plug in
reflected light, TAI is performed on a slide in transmitted light, and kerogen typing is
estimated from both preparations using a combination of reflected, transmitted, and
fluorescent light technigues. Fluorescence in blue light 1is used to enhance the
identification of structured and unstructured lipid material, solid blcumens, and
drilling wmud contaminants. FPluorescence also correlates with the maturity and state of
preservation of the sample. Maturity calculations from measured reflectance data are
made Erom the histograms and are influenced by all of the kerogen data.

VISUAL KEROGEN ANALYSIS GLOSSARY

Several key definitions are included in this glossary in order to make our reports
more self-explanatory. In our reports, we refer o organic substances as macerals.
Macerals are akin to minerals in rock, in that they are organic constituents that have
micrascopically recognizable characteristics. However, macerals vary widely in their
chemical and physical properties, and they are not crystalline,

1. UNSTRUCTURED KEROGEN, or somerimes called structureless organic matter (SOM) and
bituminite; it is widely held that unstructured kerogen represents the bacterial
breakdown of lipid material. It also includes fecal pellets, minute particles of
algae, organic gels, and may contain a humic component. As described on the first
page of this section, uastructured lipid kerogen changes character during
maturation. The three principal stages are amorphous, massive, and micrinized.
Amorphous kerogen is simply without any structure. Massive kerogen has taken on a
cohesive structure, as the result of polymerization during the process of oil
generation. At high maturity, unstructured kerogen becomes micrinized. Micrinite
is characterized optically by an aggregation of very small (less than one micron)
round bodies that make up the kerogen.

2. STRUCTURED LIPID KEROGEN consists of a group of macerals which have a recognized
structure, and can be related to the original living tissue from which they were
derived. There are many different types, and the Lypes can be grouped follows:

a. Alginice, derived from algee. It is sometimes very useful to distinguish
the different algal types, for botryococcus and pediastrum are associated
with lacustrine and non-marine source rocks, while algae such as
tasmanites, gloecapsomorpha, and nostocopsis are typically marcine.
Acritarchs and dinoflaggelates are marine organisms which are also
included in the algal category.
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Cutinite, derived from plant cuticles, the remains of leaves.

c. Resipnite, (including fluorinite} derived from plant resins, balsams,
latexes, and waxes.

4a. Sporinite, derived from spores and pollen from a wide variety of land

plants.
. Suberinite is derived from the corky Gtissue of land plants.
£. Liptodetrinite {s that structured ipid material that {s too small to
be specifically identified. Usually, it is derived from alginite or
sporinite.
g. undifferentiaced. At Cimes, one can readily distinguish structured lipid

material from the unstructured without being able to make a specific
determination of the structured materiail.

The algae are an important part of many oil source rocks, both marine and

lacustrine. Alginite has a very .high hydrogen index in Rock-Eval pyrolysis. Resins,
cuticles, and suberinite contribute to the waxy, non-marine oils that are found in
Africa and the Par East. At  vitriaite reflectance levels above R, 1.2 - 1.4%,

structured lipld kerogen changes structure and it becomes very difficult to disciagulsh
them from vitrinite.

3. SOLID BITUMEN, also called migrabitumen and solid hydrocarbon. In 1992, the
International Committee for Coal and Organic Petrolegy {ICCP) has decided to
fnclude solid bitumen in the Exsudatinite group. Solid bitumens are expelled
hydrocarbon products which have particular morphology, reflectance and fluorescence
properties which make it possible to identify them. They represent two classes of
substances: one which is present at or near the place where it was generated, and
second as a substance which is present in a reservoir rock and may have migrated a
great distance from its point of origln. The solid bitumens have been given names,
such as gilsonite, impsonite. grahamite, elc., but they represent generated heavy
hydrocarbons which remain in place in the source rock or have migrated into a
reservoir and mature along with the rock. Consequently, it is possible to use the
reflectance of solid bitumens for maturation determinacions when vitrinite is not

present.

4. HUMIC TISSUE, that is organic material derived fram che woody tissue of land
plants. The most important of this group is:

a. Vitrinite is derived from woody tissue, which has been subjected Lo a
minimum amount of oxidation. Naormally, it ts by far the most abundant maceral
in humic coals, and because the rate of change of vitrinite reflectance is at
a more even pace than it is for other macerals, it offers the best means of
obtaining thermal maturity data in coals and other types of sedimentary rocks.

Because the measurement of vitrinlte is so important, care is taken te distinguish
normal (fresh, upaltered) vitrinite from other kinds of vitrinjte. Rough vitrinite does
not take a good polish and therefore may not yield good data. Ox{dized vitrinite may
have a reflectance higher or lower than fresh vitrinite; this is a problem often
encountered in outcrop samples. Lipid-rich wvitrinite, or saprovitrinite, hag a lower
reflectance than normal vitrinite, and will preduce an abnormally low thermal macurity
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value. Coked vitrinite is vitrinjite that has structures found {in vitrinite heated in a
coke oven. Naturally coked vitrinite is the product of very rapid heating, such as that
found adjacent to intrusions. Where it is possible to do so, vitrinite derived from an
uphole portion of a well will be identified as caved vitrinite. Recycled virrinite is
the wvitrinite of higher maturity which clearly can be separated from the indigenous
first-cycle vitrinite population. Often, the recycled vitrinite merges in with the inert

group-

b. Inertinite is made up of woody rissue that has been matured by a different
pathway. Early intense oxidatlion, usvally invelving charring, fungal attack,
biochemical gelification, creates the much more highly reflecting fusinite and
semi-fuginite. Sometimes the division between vitrinite and fusinite is
transitional. Sclerotinite, fungal remains having @ distinct morphology are
considered to be inert. An important consideration is that the inertsg, as che
name implies, are largely non- reactive, "dead carbon®, and they have an
extremely low hydrogen index in Rock-Eval pyrolysis.

5. OTHER ORGANIC MATERIAL

a. In the table, we have pul lipid-rich, caved and recycled vitrinite in this
section so that we could show the percentages of these macerals; they are
described above.

b. pxsuvdatinite. Ol) and oily exudates £all in this group. Exsudatinite
differs from the solid bitumens on the basis of mobility and solubility. We
prefer to maintain this distinction although the ICCP has now included the
solid bitumens in with the Exsudatinite group.

c. Graptolites are marine organisms that range [rom the Cambrian to the lower
Mississippian; it has been found that they have a reflectance similar to that
of vitrinite. Because vitrinite is lacking in early Paleozoic rocks, the
proper identification and measurement of graptolites s important in these
sediments.

6. PYRITE. Various forms of pyrite can be readily identifled under the micrascope.
Euhedral is pyrite with a definite crystalline habit. Pramboidal is pyrite in the
form of grape-like clusters which are made up of euhedral Lo subhedral crystals.
Framboidal pyrite is normally found in sediments with a marine {nfluence; for
example, coals with a marine shale roof rock usually coatain framboidal pyrite.
Massive pyrite is pyrite with no particular external form; often this is pyrite
that forms rather late in the pore spaces of the sedimenc. Replacement/infilling
ig self-explanatory.
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WHOLE EXTRACT GAS CHROMATOGRAPHY

About 50 grams of sample are crushed, passed through a 20 micron sieve, accurately
weighed, and soxhlet extracted for 16 hours with dichloromethane. Other solvents can be
substituted if desired. The solvent is evaporated and the residue weighed to obtain the
weight percent of total organic ertract. The advantage of whole extract chromatography
over saturate chromatography is more of the lighter fraction (Clo - CIS) is preserved.
A minor disadvantage is the nongaturate compounds are retained and complicate the
chromatograms in relatively immature extracts.

A sample of whole extract is injected directly inte a Varian model 3400 gas
chromatograph fitced with a Quadrex 50 neter fused silica capillary column. The &C is
programmed from 40°C to 340°C at-10°C/minute with & 2 minute hold at 409C and a 20
minute hold at 340°C. Analytical aata are processed with a Nelson Analytical model 3000
chromatographic data system and IBM computer hardware. This software system facilitates
data processing and graphic display as well as electronic data transmittal. Al)l
standard calculations are made including pristane/phytane ratio, carbon preference
index, and other key parameters.

Whole extract gas chromatography provides information on organic facies and thermal
maturity of source rocks and migrated petroleum. It serves as 2 basls for oil-rock
correlations. It is recommended primarily to evaluate Xxnown or suspected source beds,
oil shows, samples with anomalous pyrolysis S, values and to {dent{fy pogsible
contamination products.
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