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POST OFFICE BOX 2189 « HOUSTON, TEXAS 77001

October 1, 1976

RESERVOIR EVALUATION DIVISION

A SARMIENTC
MANAGER

Mr. K.P. Pipes

Esso Europe Inc.

5 Hanover Square FOR COMPANY USE ONLY
London, WIR OHQ

England

Dear Sir:

Transmitted for your further distribution are three copies of our service

‘report EPR.100ES. 76 entitled 'Hydrocarbon Source Analyses of Cuttings from 16/1-2,

of fshore Norway," by R.E. Metter. We have not sent copies to any other offices.

Our conclusions on this study were telephoned to Stavanger on September 27,
Charges for the project have been billed through our Job. No. 8569.

The entire section down to the granite is rated as immature, or barely
“transitional” at most. Shales in the interval 2300-2500 meters contain predominantly
algal kerogen and are ranked as potentially goocd to rich, oil-prome sources, but
they are less mature than comparable but deeper shales encauntered in Well 15/12-2.
Shallower shales, from about 1890 meters and from the interval 2000-2100 meters
are also inherently oil prone, but these shales are only 'fair" in richness, and
they are even less mature.

If you have further questions on these results, please let us know.
Very truly yours,

R. SARMIENTO

by?\ E. Méﬂﬂ«,
ﬁn_M.A. Rogers

R.E. Metter:lc

cc: J.B. Coffman
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HYDROCARBON SOURCE ANALYSES QOF
CUTTINGS FROM 16/1~2, OFFSHORE NORWAY

by

R.E. Metter

SUMMARY AND CONCLUSIONS

Canned cuttings from the interval 340-2918 meters (T.D.) were analyzed routinely
at FPR for hydrocarbon source characteristics. Five of the samples were sent to
GeoChem Laboratores in Houston for heavy hydrocarbon (C15+) extractions.

Charges for this work were billed to our Job No. 8569. Preliminary results were
transmitted to Stavanger by phone on September 27, 1976.

The analytical results are listed in Tables 1 thru 4 and they are summarized
graphically in Fig.l.

The combined data are interpreted as follows:

Approx,
Interval Quality Indigenous Hydrocarbons
(meters) Maturity (Richness) Expected if Reservoired
360-1500 Immature Shales Good Lean
1500-1850 Immature Poor to Marginal Lean
1850-2300 Immature Fair Minor Gas Shows
2300-2500 Immature to Good to Rich Shows of 011, Gas
transitional (7)
2500-2918 Immature (7) Poor Lean

The entire section down to the granitic basement penetrated at the bottom of the
well 1s immature, or barely "transitional" at most, in its stage of organic diagenesis.
The shales from the interval 2300-2500 meters contain predominantly algal kerogen, are
inherently good to rich oil-prone source rocks, and where more mature we would expect
considerable generation of o1l with gas from them. Shales from shallower depths,
namely about 1890 meters and the interval 2000-2100 meters, also contain potentially
oil-prone organic matter, but these shales are less rich.

PROCEDURES

Compositions and concentrations of hydrocarbon gases in the air spaces above the
cuttings in the sample cans were determined by gas chromatography. Similar data
were obtained on gases released from a standard mixture of cuttings and tap water
after two minutes of agitation in a Waring blender. Combined results on the air
space gas plus the cuttings gas were calculated for each sample. The data were plotted
graphically to show vertical varlations in total gas (C,-C,) and wet gas (C,-C,), and
a graphical plot was also made of the percent wet gas in total gas (Fig. 1)\ etailed
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results of the gas amalyses are listed in Table I.

Chips of uniform lithologies were picked by hand from the heterogenecus
mixtures of chips in 19 of the original samples. These are described in Table 2.
Our routine analytical procedures were used for determining the light gasoline (Ca-C
content and the total organic content of the "picked" chips. These results are
given in Table 3, and they are plotted graphically in Fig. 1. Visual kerogen
characteristics were alsc determined on the "picked" samples (Fig. 1 and Table 2),

7)

Five samples of shales were analyzed by GeoChum Laboratories for heavy (C,_+)
soluble organic matter, including concentrations of saturate and aromatic hydroZarbons
(Table 4). The saturate fractions of these extracts were analyzed by gas chromatography
at EPR (Figs. 2-6).

DISCUSSION

Although the shales from the interval 2300-2500 meters gave a fair yield of
gas containing more than 90% C,-C,, and their ‘gasoline yeilds were up to 73 ppm, we
rate the interval as "immaturez or perhaps barely in a "transitional" state of
maturation. These shales contain a high percentage of algal debris, and when mature
we would expect them to yield several hundred parts per million gasolines, two or
three times as much gas, and considerably more heavy hydrocarbons than we observed.
The kerogen alterations of only "1" and "14" indicate an immature to barely
"transitional" stage consistent with the interpretations cited above.

The same comments as above apply to shale samples from the interval 2000-2100
meters, where again algal kerogen predeominctes, the gas is over 80% C -C&, but
only very modest amounts of gasolines were present, However, this 1ngerva1 is leaner
in total organic matter, which may explain the lower total amounts of gas. The
sample from 1890 meters also contains some algal debrie, and shows comparable
patterns. ’

The heavy hydrocarbon patterns (Table 4 and Figs. 2 thru 6é) are consistent with
the above interpretations. These C15+ data alone could be interpreted as follows:

Depth Maturity Richness Source Tvpe
1890 Immature Marginal 0il, Gas
2070 Immature Marginal 011, Gas
2250 Immature Fair 0il, Gas
2340 Irmature Good 01l

2490 Transitional Poor Lean

Estimates of maturity from C, .+ data are based on chromatogram patterns (Figs. 2-6),
saturate/aromatic ratios, ra%?os of hydrocarbons to total extracts, and overall patterns.
By themselves they are not particularly reliable, and should te used in conjunction

with the other types of data tou arrive at ar overall final interpretation of maturity
and source type.

The gross geochemical patterns at 16/1-2 are a bit like those at 15/12-2, (See
EPR. 39ES. 76) However, at 15/12-2 the rich shale zone starts deeper (at about 2700
meters) and is more mature, Jt gave up notably greater amounts of gas, gasolines and

CIS+ hydrocarbons due to its more mature stage of dlagenesis.



1 "o TABLE TA '
l.‘N r
Cl'cé HYDROCARBON ANALYSES - AIR SPACE AT TOF OF CANS
SAMPLE |R |DEPTH GAS CONCENTRATION (VOLUME GAS PER MILL.ION VOLUMES CUTTINGS) GAS COMPOSITION (PERCENT)
NUMBER METHANE ETHANE PROPANE 1S0- NORMAL WET TOTAL TOTAL GAS WET QAS
BUTANE BUTANE } I1 o
. N i iC,|n

{Cl) (82) (C3) (1C4) (ncq) (Cz‘cq) (CL‘CA) C2 C4 C1 C2 03 1CA nCA C2 C3 4|n¢,
672BaA & 360 1182.95 9417 324 1.30 2622 19.93 1198 .88 1.3287 GYa le e Vs T HHel2Ue Helfie
672840 & 420 1238.31 44,46 1.89 e 7T 12 Bel4 1246.55 Vabb 18 100 e vue ve Go Ua S8 ed3s Galdha
6T2BA4G 4 S4/0 1224 444 Q.46 44,44 Te87 178 11 .55 1235.99 39344 10 e S Lo e Ta 394384 Be15H.
672843 & 630 419G.17 352 4403 172 Oe50 9. 77 4199,493 Oe232% 1M e Ve Ca e we JbeéY el e Lwm
6T284M 4 720 BS62 57 6.11 849 1.54 VeSS 1668 H579. 15 CGelBa5 100s e Ceo Go Lo 37aSle Ge 3
6T284P 4 al10 1436.13 3.25 Za53 Je26 Cel7 6519 1442 ,32 G291 120 Za Se De € D7 efle La L
6T284S 4 906 911.35 B8.80 1.90 G606 1«38 12 +A 0 G23.75 1.3423 e de Ow Tu Gs TZ2e1Be SHu Be
672858 o 990 1172.11 10 .38 168 GaS1 GetsS 1322 1185.33 12153 OG s Te w e e THelde fae e
67285E a4 1080 814 .80 12.48 3.93 l.29 2436 g Y 834,806 28327 99 le v e ww blelue el
6T285F 4 1110 419679 4754 3e42 Ga80 GedS 524240 4248.99 1.2286 99, 1o Je “e T8 GYis 7a Pa Fao
672851 1200 T471.80 95 56 Geld [+ I -1 1«94 134 « &4 THT76 24 1.3785 DOe Fe Ua Cu Ta Fte be le Fo
6T285K 4 1260 1862) .24 101.07 TLe7 3.586 2ab4 117.98 18739.22 QE296 DG e le e Ue Ga By Qs de Pe
&6T7285M 4 1320 475.86 4,96 2elC [+ Y] 051 - g3 | 483 . &7 1.6553 GOa le Ve Us Ce Glelbhe Sa Go
672850 a4 1380 1617 1.03 1.78 Ge36 LeH6 3.73 19293 18.7436 Ble Se G 2 Ja Z2BetTellelbe
672850 & 1440 685,71 2241 12.23 294 2e91: 455 9 08 T25.79 S 5222 YUS e 3 Ze e e SHhal3le 7e 6o
672B5S 4 1500 1773.66 29 .98 16494 Qe 86 6 a04 £3.22 1836L .88 3.44137 G6e Pa le 1o O 47.27.10G.1..
6728B6A a4 1560 1226 Cae42 Ga32 .21 JezB 1.23 13.49 G.1178 GU)e e 2e 26 2 34260027423
&6T286B 4 1590 455,24 V.81 34 1428 1.47 1650 471.74 3.4976 UTe 2o le La s HB9elha HBe Ga
67286 & 1620 3414 .29 55 89 Tellt 2e7bH 213 68,04 338233 19539 GBa cn Las o {w BZ2e11 s 44 3a
&eT286D 4 1650 14 .58 078 Ue33 Jel7 a8 156 16.14 Q. EH53 QU e Se 2a 1a 2. Suelballalbe
672B6E 4 1680 1681 .97 33.12 SelB 1444 1.83 41 o 67 1723.5%9 24176 GB e Zo e (e s SVeal3ds 3a 4.
6T286F 4 1710 89 4 34 4 .64 1.57 Cea? e T T e 39 9b.73 T35 Y2 e De 2a Lo la O3e2Ve Baloe
6T7T286G & 1740 3GAB8 2«70 1.95 ODa+562 Jelo S.07 3645 163785 BSe 7Te De ¥us Pa 48433 Bels,.
672861 & 1770 1116 0.53 O a4 0 Cedf Jal0 109 12.25 BeBLTG D97a Ga 3e Ua 1 Qe ste bg Y
672861 4 1800 25433 604 EedS 1.47 a0} 19.26 64 .59 4341935 57 al6al9e 30 Da 36etid, calPe
672860 4 1830 BD7.32 I55.52 I116a25 19.63 15«05 3L6.05 1113.77 275146 T3 albelle 24 le DledBs (e Se
672B6K & 1860 127 4 B3 79.36 Y3.00 19 .48 #7885 219 +69 347 .52 63,2165 36 e2H427s 6, 8. 3647, Y.l3.
&67286L 4 1890 S.860 16 .69 1G.47 2 ety 367 3t.22 4068 767053 23 a30e26a 6Ba S 47 e33s Helle
67286M 4 1920 1661 .92 SH6 .88 47403 Te 56 12.598 65484 ,45 2336 .37 2Ea31148 TéaPhe 22 s 1a Sue 7 ls Z2a
6T286N 4 19506 1550.17 Ad6 .40 357 .70 61 .85 117.76 G943,7] 2493 .85 37 .8410 HHalbelde 2. % 43e28Es Tells
672860 & 1980 Gh4 .17 141 .87 296 442 B8la15 17ha61 6H06 4 05 TY9Q 22 8B .0B30 127 alBa3B, 18,70 AV I R BRI
67T286F 4 2010 32359 S98 .04 1223 .82 25026 783,11 29%4 .63 327B .42 92,1267 luelBe37Tel1.24, Cled a2 el 7,
672860 4 2040 QDels 15.40 2515 5.41 1153 S6H Y 65.73 8% .947% 184 023e39e Hoelbbe, Z7e8Guliel9.
GT72B6R A 2070 674 .64 422.40 T24 .22 thHB .8 3G8.,37 1623.79 229B 473 TS e647TH 292a18a33¢ 7.13. ZheldBallielGa
672865 4 2100 110U,42 361 .85 422,30 174 .43 174 .86& 1263 .04 2172.86 AR L9419 51 17219 5. EHa S 1 I SR R T
672867 4 2130 120.23 90.00 9315 21.Ca 24 o066 f38.85 3%9. b Ghe 5172 3l a2be2Ca Daltia FHedlBla Vel5,.
6T7287A 4 2160, 171h 96 330440 251 55 444 487 T0a21 69T.03 2813 .99 2B.8746 Tlealt&olla 2. 3a ABe36e Daltua
67T287B 4 2190 1085436 403.20 490,92 132.34 252 ¢ 9% 1200 45 2285+ b1 52,5175 4T alBaZle Sa 9 34 08T YelTe
&T287C & 2220 S5Ge2 23.55 31.02 T+07 13.72 TS5 +36 134,56 S5€ « GUALT U8 4l Be23 e Halice 3letics elo.
6T2B7D A4 22%0 240. 64 138.71 204180 T2 «0G7 6he23 297 .19 S37.83 55,2572 B ea2fe B el3alPe 47« 724422,
67T267TE & 2280 6OR L G0 2948 .49 367463 Ba.21 1676 GUT D 138,70 AQ 6283 50 a21427e 1e 1t 43,54%a 1e 2
6728B7F A& 2310 2971 .39 1996 .80 1333.63 226+58 203,90 ATED .BE 673225 HG.A024 G4 a3 a2l s 3. 3. D430 ba S
6T287G 4 2340 1045.19 677 49 S568.,72 204 .24 192.17 T16A2 462 2687 .81 61,1137 39 a2%5a2) e tie Te 41 ed39el1lalZa
67287TH 4 2370 166419 S55HeB1 BllaAY A% 6Ha LYY | 216 .77 364 .96 H6 39T 48 s 18 e2Ve DalP, R e357.160,.21.
672871 & 2400 2721.34 2863 .74 2489 .56 3bl.D2 905411 6219.,43 BU40.TT 6G.562% 3 elbedbBa 441 e 4 ien9a bHalbe
&T28TJI &4 2430 G074 73 450 « 56 466433 TO 45 75.499 163,33 1671 .06 ER.H3I20 3b6.2Te2Be 4e Ga A2 B s Ta T
6T287K 4 246C 135 15 193,83 371432 Jol .94 222 e22 839,31 1UG34.46 BH Q3K 2 13219436 1Ge?2e 2leA1s11a,
6T287L 4 2490 206 .72 121 .76 217.93 55094 12815 523.78 T3La.52 Tl.b9té FHelTeZ29s Belb, 23e82e114itta
6T287TM 4 2520 168.19 10B.90 12C 86 19,76 az.4%7 293,09 46128 63e5383 A7 2244260 40 Ge 3Talily 7415
6T2B7N & 2550 226236 TTa73 Tha.79 11 .66 5412 189 .30 415326 85,5748 S4 alY9elbe Ja Oa 41l elue Halle
672870 4 2560 116,07 44,50 67,59 12.2a 31.38 155,71 271478 B7.2026 42 a1lie2Se Salie PVeti?e baiise
67287F 4 2610 10} .94 12,13 11.632 Sa54 14 .57 45 BT 147 .81 31.7221 EBalve Ba 42a30s 3lar5allPa2le
672870 4 2640 2%457 10438 24 .41 Sab2 15425 £5.06 Blez2 bH 5215 Ala13¢35e 7ol 19t aliier?n
67287TR 4 2670 S5tl.16 43 .83 45423 i0.aa 10462 110,12 HP1e28 17.7246 Ule Te Te 20 o 47081 Yol
672875 4 2700 29.72 4442 3.45 Lalts 1a.1 Ge.34 3906 23,9118 Thalle Yo Yo Hu 474274 Sella
&T287T a4 2760 215.66 103 .25 15014 “5 25 Giahi 402 a1 17 82 H0, 0533 A5 el 7 e, Q,15, FedTelb el e
67T26BA a4 2790 22 3F G .17 Pl.2% 17.60 19.19 6421 HALE7 Ta.T™a4 Flal sal30aPVeiiie 14us,a07eiGa
672888 4 2820 215.85 26494 39,08 16.6% A7.67 122 .34 G TY; Ah17a% 63, HelZa 6Balle PPy:27el%5e31.
6T288C 4 2850 26499 1.22 147% Caf) O abS G463 31.62 146420 B4 . fle Hae Be A PZ6Ee3TalTelbe
67288D 4 2880 775 0.39 68 Va9 e Zel1B 9,43 21ab37 Tle 48 Te 34 Be LBoZleileldba.
6728BBE 4 2910 1652 1.06 130 T3 Yo 3% 4 .26 2ua Bl 2UaST69 7Sa Se ba 2y Te 29,4 alZedFe
6726BF 4 2918 23.65 2.83 2.473 155 Tak 10411 32,76 PG, 948606 Tle #e 7o Fo1le Cherfelovedbae
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TABLE IB

HYDROCARBON ANALYSES - CUTTINGS ONLY

SAMPLE
NUMBER

67284A
6T284D
672846
672840
67284M
67284P
672845
672658
6T2E5E
67T 285F
672851
67 285K
67285M
672850
eT2850
67 285%
672B6A
6T2868
67286C
67286D
6T72B6E
&67266F
67286G
6T286H
672861
67286
67286K
6T286L
6T286M
&6T286N
672860
67286P
672860
6T286R
672865
672867
67287TA
672878
&67287C
672870
67T287E
67T287F
672876
67T2B7H
672871
672874
67287TK
6T7287L
67287TM
67287TN
672870
6T287TP
672870
67287TR
67287S
672677
6T2D8BA
&7 2888
&6T7288C
67288D
6T7288E
67288F

R

PEOPLOLODRDLPDOELEPLDLODEPLLDPDRPLLLLRDPIOLPLOPREDLEELLDLLPLEPRRDLLLY

DEPTH

365
420
540
630
720
810
900
990
1080
1110
1200
1260
1320
1380
1440
1500
1560
1590
1620
1650
1680
t710
1740
1770
1800
1830
1860
1890
1920
1950
1980
2010
2040
207G
2100
2130
2160
2190
2220
2250
2z8a0
2310
2340
2370
2400
2430
24606
2490
2620
2550
2580
2610
2640
2670
2700
2760
2790
2820
2850
2880
2914¢
2918

GAS CONCENTRATION (VOLUME GAS PER MILLION VOLUMES CUTTINGS)

GAS COMPOSITION (PERCENT)

METHANE

)

588.67
152003
B72.50
2346 <25
3543.44
2522.88
1866493
B1Z.5H8
632,82
2712.10
22T (e B9
26TBe46
9HILBD
473.63
146117
336656
273.31
B15e L9
639,13
as57.27
154 53
181.33
26700
31536
T35.84
231e26
639,13
1114.27
62Ue?1
562 ¢ 3G
T28.08
315410
294 .34
328 .50
1093.25
93%.57
1517.93
S67 « 65
1040 . 69
954 ., 49
851 .47
a412C+70
1562 .08
1993.07
1892.16
601.15
433. 62
57380
560.75
S568.67
462 .00
5TH e L6
65174
GBZ.87
56T .65
665441
S51ta41
S4662
T35S04
368 .45
274 .89
21329

ETHANE

€,

4 .00
4 450

6 .90
10,20
2172
28 « 20
13.05
T «95
Teb65
36.00
40450
38.40
1092
T35
165G
19 .80
3«84
5.10
11.7G
7«50
3.3C
336
8.85
20431
9460
3660
278 .88
TAT .28
21312
i16 .40
654,72
466+56
306 .24
108 .96
31680
153.60
355.20
22320
237 .60
332.16
3CG1.92
2035.20
2B49.28
3916.80
4992 .00
61200
243,09
6720
6Be16
BT 60
1110
Te20
11.%0
23.19
13.42
T5+60
18 .09
25.5C
1770
Tel7
2880
555

PROPANE

€y
1.63
2+41
371
Q.27
630
4418
Sa74
2e02
293

4 .44

L L
3.00
11.02
15%.84
19,41
14 .90
1.869
237
334
225
1.79
1.38
6Ha54

24 ,64
H1.35
6583
T15.39
1754 .,770
317.95
206417
1T22.93
1391.04
20120
8814
536e54
?53.37
476,93
71Caea2
564.36
69751
TiZea7
HAZ29.T3
TETU59
TeS52.72
8942 .43
ZbB82 .72
149 G4 7%
268.27
12047
15152
2903
Ta61
28,22
28,57
2604
189.28
19.87
2HL01
Ile& 3
3elu
11.64
2.78

150-
BUTANE
(ic,)

1e17
1465
172
248
3.70
1.85
1286

) ety
Te'S
Ue49
109
051
2.98
3.11
7.77
12.82
Ze23
Te87
Zel8
ledts
136
0.39
158
4,63
20463
16 .05
195502
A418.34
84358
55.71
S6566
54079
224 a9
{taft ]
156 a2
B2a0%5
125.25
282,42
164,72
45237
243.98
GUT <B4
2PH2 62
1 TF3T .37
130536
HE50.65
532.71
#1.58
1068
19.61
6.68
Ge14
GalG
Os1%
Y13
8503
1131
14 .92
CeO7
Cett3
Z2+G06
lalts

NORMAL
BUTANE

(aC,)

1.79
177
2=10
1.77
2el5
133
J.52
G2
144
22
1ab6

7 atits
3.24
bHeY7
Tel4
1077
723
1.¢C
1ell
177
1a55
(-1
2e21
BelS
41lall
15.4%
385,40
B5HG .68
P50.10
134.17
1949135
1844 .32
559,22
215.94
3%4 .00
474 480
204 .47
628 .7C
41914
492 4%t
6£20 497
2401 .53
6649 ,53
5168 ..4C
a177.2G
2536.32
B45 .35
276083
24 o34
Toald
P3.45
GeO6H
B3
CelS
17.8R
1692493
1217
29
1.11
1ot
1372
277

WET
(€,-C,)

B.59
15633
144483
1B.72
34,26
35«56
Zh. 17
11 .18
13.027
42 9%
4750
42 .T7
2Bas 16
I3W 27
51a42
S8. 29
119
D34
18.19
12 .98

B 30
Se6H8
19.18
S57.93
152 .69
E33.97
1579 .47
376700
TAG .55
SIZ .45
A492 .38
3842.71
129285
693 85
1363.3¢6
913.82
1242.35
1804.7a
1385.82
19Z23,.94
1869.29
107 73.29
19422 ,01
18a73.28
1941695
G4 8} .68
31 i8.46
693.88
22365
335.04
Tlel26
24 406
444,14
6lel1 0
67 . 47T
543 .44
6H1.44
Obedl
21 .67
12 . 7¢
“TelZ
1256

TOTAL

597 .26
1533 36
BBGL.93
2365.00
3578 .50
2558 .44
189115
B23 .76
645« RO
275505
231818
2721 .23
QuB . GO
456 « 9L
1512.59
1424 85
283 .50
H24.43
657 . 32
470 e 25
162+53
18701
2B6be18
37329
888 .53
36523
2218 « 610
4HE1.27
1369.76
1{}74 «Ba
R220. b6
4152.81
158%.19
14224 35
2456«£1
1849, 3v
2760 .28
2372.39
2426451
2878 « 39
2T25eth
14893499
20994 . 9
214664 3%
213U0%9.11
7u82.8a
3542.608
1264 .66
793 e 40
923.71
S53Pa. 76
60102
695 . 88
1543.97
634 .72
120BaB5H
572.85
[T P R
76T ean
AE1.21%
332.01
22280

TOTAL GAS WET GAS
CZ-CQ ] Cl C2 |C3 licq nCa C2 IC3 lCA nC‘.
1.4382 3. 1le Se Oe e 4621941822 @
GeOTH0 Yode Ve Ga Ue e A4 3416017,
tab269 D9 e la o Ue s 4722 eallel%e
LaTI15 100 Ja Ve Ga Ue 55 +23e130 o
V2528 Fe le Ou Le Us GhslbBalle 7.
13809 Y le e Ta we TYeIZs He A
12781 G9e le we e fia S3e2bs BelS,
13577 COn 1o Gao Us we TZ2alBs %4 ba
2.3235 QGs le o Ca Je BYeFle Halla
taHBEG 994 te Ga Oa uUw Ehelia 1a He
2a0%72Y9 OB, Ze Oe (e Ge E%e Ye 2o fta
1577 G e Ve La va GlUe Te le 2a
Zab54T4 GBa ls la Oa Ge 2Ce3Beallal2e
Te28816 G2« 20 3¢ 1o Za 2248 e Ya2loe
A.39934 Y96 1o 1o Ja tae 32e3B8alBel%Sa
LT ) Iia Je 1o 1a la 3 a2GaPPa 18
3.5943 GHe Ta 1a 14 1 3TelDecde2la
1.7RO0 9Oy le ve O we 55e2De Yella
PelBTP 9T e 28 la Ge L= GHelballe bLe
27602 GHBe 2o Ve Ga La SEal7ellald,
4,922 Bh ¢ 2o 12 1le 1. AreZ2etTele
30373 GTe Po la Ue Le DYerds Teliaw
a7l 9 G3s 3¢ 22 la la Ghe34s Halle
155186 B% s Se 7a Vta Z» 3Nedde HelAa
1 7.184%5 B3e la T9a 24 S HBeS3ald .27
dbh.0B80L% 6% ellalbBe Qe G a 27ata%ed2alia
Titel1922 2913 e3la YalBa l1Be45al2a25.
TTe1725 23a1hed5. YelBa Zlhedtelle?3.
54,7232 451G e 23 Hella ZhettFe QGeZla
47 OHTHH S53el11e19s Salas 23ehielleltrs
B6a0467T 1441343201130 1Ha28al3ela,.
G2.5328 7411432213430 1P w56alAaibie
Gl.4312 154142130 l8.3%. 2h.lbal7e43.
HT7 8681 32421 ,28. BeZle 1641 aFZ 0310
S55.4974 456134224 belda Plabi el elboa
49,4119 51e Halde A4.73. 17e28e Ystbea
4%,008 1) S5 4134178 Salie 20eZBellie23a
THaLT7T26 28y 9e3LalTal2Te 12e6.eal343% s
57.1116 830154238 TelTa 17atil alZe3duae
668394 33aV12e28e1be17a ITaldballertra
ERaTAT 31211260 De23a 16e3Bal3e33a
Tre3331 ZHBalbealdize Dell 192414 Barla
G2.5504 Talde36e11a22a 1903F 1240,
9G.26017 10 .1Ge36e BaZHa 2l e82¢ 9a?ba
91,1264 GalB3e4Za Hal2'ls C6Be5e Ta22a
9145125 Bea Ye3Bs1la3he UafilalledQs
BTa758°1 1P Tult2.1%,.24. Badbal7eZTa
.8k 46e Nal2le Ge22a Joa39a174a3%,
2B TREBER Tea YelSa 1, 3o JIuaBlds Tells
Ik 2T €54 Q416e 24 He ZHa8De Gel3e
132777 B84 Ps Se la 4e LN R R e
G2 ¥H2% The Ya e Ue Pa 29e3ie Yalil s
Fe 3430 G4 s e Te us la Z25e55 e Va2l e
S.8526 T8y s 3 La 1a O5e & Ta UelSHa
145066 Qls s s la 4da Sl ald%alBa27T.
44,9551 Lhe belbe Teltfa 14 42% 1 a3%5,
Pua?725¢ ‘e o Be Ze e Cile33alfielue
15.233 A%+ s A4 Pu fia 2haZ% 1% aD.
4,108 She Za v Uas Le Shuailfe 3a A
3.347T1 UTe Do le Ga s DbeZdbe Talla
17242 B¢ Ta Ge 1o 4 Sled. s Malha
S5.6373 YSe e le le ta Bh el ZolZaZae



TABLE IC

'.‘.L. 4

01_04 HYDROCARBON ANMNALYSES - CUTTINGS AND AIR SPACE
SAMPLE |R [DEPTH GAS CONCENTRATION (VOLUME GAS PER MILLION VOLUMES CUTTINGS) GAS COMPOSITION (PERCENT)
NUMBER METHANE ETHANE PROPANE 180- NORMAL WET TOTAL TOTAL GAS WET GAS
BUTANE BUTANE
. _ _ i i n

(Cl) (CZ) (CB) (1C4) (nCA) (CZ'C4) (C1 CA) C2 Ch | C1 |C2 03 1C4 nC4 C2 03 104 C4
6T7284A 3 360 1771.62 13.17 4 .87 P47 4401 24 .52 1796. 14 13651 G99, T Ja D SAellelfleltrs
67284D 4 424 2758.34 B 96 4,30 2ad2 2.89 18 457 277691 GebERAT  V100. e tae L 48 423 wlBe)Ca
67T2B4G 4 540 2096 .94 11 .36 BalH 2 e5H9 3 .68 25.58 2122.92 1«2238 G99y le Je e 4845110015,
&T26840 4 636 6536 45 13.72 Be3d 4 .20 2el2T 28 +49 6564 .93 Ca4239 1e0e Cu We s GE el e1De ba
67284M a 720 12102.94 27 .83 14,79 5433 2.8C B0.74 12153 .68 Getl?H 16T e Go Do wiw Sl eFtelle D
6T2B4P 4 810 3959,01 31 .45 671 2 e i 150G 41 .75 4000476 1.0L435 GG e la Te Te TSelbe Se 4.
672845 a S a0 27T7B+28 21 .85 Tebd 2e52 4 .56 36«57 2814 .89 1+2691 90, ke Ue U BLalle TelZa
672856 4 99y 1984 .69 18.33 3.70 B 1 137 28 4484 2009.09 1a2144 G9 4 le e Cs» TH5e1%a 4 e
6T285E 4 3080 1647 .62 20.13 GeB86 2e3a I 23.13 148G TS 22373 Y, la ve Ua 0leaZla Tella
57285F 4 1110 6908 .89 83.54 T.86 129 24T 9% .15 TOua .04 13585 UG e Yo Oa O BBe Bae 1s Ha
&72851 4 1230 GTAL . 39 136 s 46 10.24 194 3.8G 152 .03 9894 .41} 15365 GG s 1e G G Qe Te 1e 2
67285K a 1260 21299.70 139 47 1370 4.0 T2 160.75 21260 .45 NeTaG1 90y la Ye Ce E6Ge Ps 3s o
6T285M 4 1320 143666 15.88 13,12 3e42 3.75 2617 1472.82 28554 OBs Ia leo Gs was 4S5 ¢ dbe Daliva
6726850 4 1380 439.80 B«38 17.62 3.47 7 %3 3700 ATH .82 TeTEHGO QGle Z¢ 80 le & 23e435. Gel27,
672850 4 1440 27146.88 38 91 31.64 18371 1Ne24 QY «50 2238 .38 4 ,05478 G7e 2o 1o Lo L » 42a35432all,
6T2855 4 1500 3140Ge22 49 .78 31 .64 22.68 1721 1215} 3261.73 372532 US54 Ze le 1s le 4147c.19.14,
67266A 4 1560 285.57 4«26 2s1 244 2as] T1e42 296 .9% 3+84%7 Y6he Je 1s 1. 1 e lYe2) el
672868 4 1590 97033 14.91 6e31 215 Y- 4 2% . B4 996 .17 25938 GEe la is e Cow L2, Baell.
6T286C 4 1620 405342 67 « 59 1058 4 e B2 2«24 BbH. 23 4139.65 2.083¢ OBa Fa Tia Gs e THelZle Ho 4a
67T286D 4 1650 47185 B 28 2«58 103 2+05 14 .54 456 .30 2+9893 07 e Ze Lo S8 e S7eiBalleltrs
6T286E 4 1680 1836.45 36.02 737 2ae8. 3.35 G W7 188612 2+6334 Y8 e 26 Co Ca Ja T3e19a 6o Te
672B6F 4 1710 27667 B8 .00 2490 Ca86 1.31 13407 ZB3. 74 AL6:263 D6 e Ja 1o s e BleZ22e Talia
6T286G a4 1740 297 - 48 1155 .89 2alC 3.01 25415 322.63 TaTSSE Gle G0 3e e Tse 4UL34, BalZ.
&67286H &4 1770 326452 20.8a 25..24 8 a6 Hae2H "9, 02 3E5 .54 1%.3083 B5%s e Te 1s Zs 3Hedd. Hala,
672861 4 18¢0 761417 16 .54 HY .84 22410 A3.51 171.9% G33.12 184274 Gle Pelds 24 Se 1GeHZ 1320,
672863 4 1830 1038.58 192402 182408 35468 3Je54 440 .82 1479, GO 297782 Trlal3alZe 2 2 48,614 Ba 7.
67T286K 4 1860 76696 358 .24 B08 +39 215.28 al17.2% 1799 .16 2566412 Tde1EZ2Y 3214232 Balbe 20s8%,12.23.
&6T286L 4 1890 112373 T51.97 1765217 A2D,TH 862 4 35 3798 .22 4921 . 9% TPelbGn £3215%a36e FelTa 2ZUstihellecis
&T286M 4 1920 2302.13 800.00 364 .98 ThaO4 163 .08 1404 .60 3ATN6.13 3T.BR3t E2e22a10s Ze 4. S5Te?he HelPa
6T286N 4 1950 2112.56 522 80 SH3 .67 11756 2591 .93 1456 16 3568.72 40aBG34 TOW15.10a 3 Te 36a39s EelTe
672860 4 1980 82165 T96 59 2019.,37 646 .81 172971 S168 .43 611,08 Bbe3144 1421334211200 15,3012 43232,
67286P 4 2010 63369 1064.60 2614.486 BO1.U5 2227 .43 6797 .54 7431.23 a1 .4726 FelBe35412,30 s 10aiBel3el3Be
672860 4 2040 303 .58 321 «64 226435 229.50 SO .85 1347 .34 I1653.92 Bis.blla lel%eIA 15435 8 el T a1 Tatale
6T2B6R & 2070 1333.18 531 .36 1312.36 89 46 1 S24 .31 2317 .64 3320Ga.ThH EG.TY20 Areltze3 e Bulbe £3at3et1e?3a
672865 4 2100 2201.67 678 65 958 484 260 .45 52886 2476 .80 4629,47 52,4207 4841421 Balle CHeATGellacli’s
672867 4 2130 1054 ,80 243 .60 b2 10309 859,46 1152.67 z208 .47 521931 4bellalBe Sulle 2Yedue Saal,
67287TA 4 21640 3234 ,89 685 .60 T26 o486 170412 355.18 1939,.38 5174 .27 37.4R17 6Z2a13.180 3, Te 3 abB8e 9elire
672878 a 2190 165401 626 .40 120124 345. 76 83).69 3005 « 19 4658 23 GheT14D 35, 134260 T 18 2laltal el
67287C 4 2220 1099 .89 26115 S95.38 171.7% 412,88 1461 .18 2961 .07 5T e 535 43alvec3e TaiTe lbeve 2 el3ln
672870 &4 22%0 1195.13 470 .87 TI7 69 AT4& T4 SH8 29 22721409 3416,22 65 Y60 3% 410842 1018,16a 21 .33221e2%,
6T287E 4 2280 154847 59632 1570.10 252.89 E37 68 25596 «99 4106446 6226745 38150260 Haolba 23a82.1%es5,
6728B7F 4 2310 7092.09 4032.00 6T762.66 1134.08 2645.43 14534 416 21626425 ETa2. €] 334194314 S.12s 28.46., B.18.
‘6T287G6 4 2340 2607427 3526.77 8B239,31 7a466.B6 6541.70 210784463 23081.9C B8B.940 4 71e¥5430.14.20e 174361 2a32.
6T28TH A& 2370 2161426 3972.61 T731.53 177341 SE12491 166£93.05 2068BSY.33 EG b8 luealYe37, YaPhHa 21 4824 Felboa
6T2871 4 2400 4612450 T455.74 11431.96 16606.38 50652.31 25636438 35249,.88 bBh.T7abs7 15254384 6417 2Y ety Tal.a
eT287TS 4 2430 120888 106256 3149405 TS51s1u  255B2.31 TH45%.01 57%3.89 B8Hel1933 192124368 5,29e 14.82.1Le20,
67287K 4 2460 568,77 433,83 1861,.,72 63865 1277 .57 45777 £576,54 BT.5770 122 9¢81 14780 1lattralad?,
&T287L 4 2490 T7Ba.54 188 +96 QB E 420 137 .52 4..4,%8 121766 199%, 27 S1.0264 29, B4, Tiitue lbed e lTalid,
6728TM &4 2520 737 .94 177 <06 241,33 3044 67 o1 b £ £ 1254 .66 A).1EH0 6GaldaiIBa s e 344,47, tali.
6T7TZ87N 4 2550 Bla,7T3 16533 226,31 3147 15123 SP4 .34 1339,07 3941572 61ad 21Ty CZo Ba IPeatde tele
672870 4 2580 57897 55660 9 el P 18 e%2 54.83 225.97 Ko, 4 frel.az 72 7elZs 22 Fuo ©5.43. BelZt.
57T287TP 4 2610 7B G0 2133 19 .24 Sa73 24 453 TiraB3 TaB . &2 GeldRU7 GYuw Se Ae be He P u27. BashHe.
672870 4 2640 67Te31 21«48 4E o6 4 Satil PI.BA GO ¢ B0 TI7.11 V&« RB424 BTa 38 He ¥, 3. Fladiile Galh,
6728TR 4 2670 1494403 67802 7380 ) Y e 15,77 171 .22 1665.25 1 +a2K19 Gla G B¢ e 1o 39.43. el
67287S 4 2700 SG7 .37 17 84 3009 Yoy 16 a8 Thaett ] 673.75 1i-34ua BUa e A . Re 23.3U,13.75,
672877 4 2760 agl.d7? 178 -85 339 .47 14 .88 2htea s Q4F L6 18276.67 B1. 7663 A8a4l 2i9s Halfre l19alfrall
6T7T28B8A 4 2790 533,77 27.26 4 .17 2H .01 31.76 17765 661 .492 1929935 Bla Ge ba 4, 5y 21,3).2
&72888 4 2820 Te2.07 SZetid 6T i 33 .07 ATen5 g ) GhE3.02 27 0359 76Be Se 7a B30 Teo 284301
&67288C & 2850 T2 a3 18.92 12.58 178 T a6 A 24 TG, 47 4 eHANL? Ch o s e The uw A I r
67288D 4 2880 2TE20 7 +56 3a7H Y.12 Febb T4 .24 391 .14 dab 19 Gha Pe 1a Sa 1o Dla?%,
6T288BE 4 2910 291.41 29 .86 1P .54 deaw 18241 618 352.81 1 7.4 350 Eds Me de le Ge 4dneilae
67288F 4 2918 233.89 8.38 PSR | a5t t an7 DZ2a67 256456 E«83F ] “4le B¢ 2a le 3s 2Te23alleitss



TAELE 2 DESCRIPTION OF '" PICKED" SAMPLES AND OF VISUAL KEROGEN

(Kerogen by J.L. Morgan)
Tose
GSA Total T
Color  CQOrganic
Depth EPR Code  Carbon Kerogen Types of Visual Kerogen (% of Total on Slide)
(Meters) No, Gress Lithology (dry) () Alteration Algal Amorphous Herbaceous  Woody Coaly Other®
900 67284~5 Silty marl or calc. mudstone

1t. olive gray 5Y 6/1 1.8 1+ 40 - trace 20 10 20N ,tr M
1116 67285-F Silty clay, olive gray to

med. clive gray, some sl. cale 5Y 4/1-5/1 3.7 1+ 20 - 10 40 trace 20N
1320 67285-M Claystone, lt. olive gray,

s1. silty, sit, calc. 5Y 6/1 1.6 1+ 10 - 30 40 19 10N.tr M
1500 67285-S Shale, oclive gray, sl. 5Y 4/1 1.6 1+ - - 10 50 10 20N, 10M

micaccaus
1620 67266-C Shale, med., 1t. olive gray 5Y 5/1-6/1 .5 1+ - - 30 e 20 20N
1830 67286-J Shale, med. gray N5 .3 2- - - 3G 40 20 )
1890 67266-L Shale, med. dk. gray,tr. pyrite N& .8 2~ 20 20 2C 20 20 -
19502 67286-N Shale, med. greenish gray

to med, eray 50Y5/1-%5% A 2~ 16 trace 26 20 20 20M
2010 67286-P Shale, greenish gray to med.

gray, plus trace of red beds

and ilt. gray shale 5G 5/1-N5 .9 1 40 10 30 trace 20 -
2070 67286-R Shale, med. dk. gray to greerish

gray N4-5G &/1 .5 2- 30 10 10 20 30 -
2190 67287-E Shale, med. c¢k. gray N4 .5 2- trace - 10 30 40 10M
2250 67287-C Shale, as above, large thin

flakes N4 .6 1 30 - 10 10 40 10M



Table 2 {contirued)

Depth

2310

2340

2400

GSA Tctal

(feldspar, quartz,mincr
tlack mica, trace calcite) 10R 5/4

*
N ~ Non-filamentous Algal

M - Microplankton
Al? - Possible Algal
tr — trace

Color  Organic Lo M O "l/\-‘r
EPR Code Cartoen Kerogen Types of Visual Kerogen (% of Total on Slide)
__No._ Gress Lithology (dry) (% Alteration Algal Amorphous __Herbacecus  Weody  Coaly Other*

67287-F Sandstone and mudstone, med

dk. gray to med. greenish

gray, minor shale N4-5GY5/1 1.4 1 60 - trace trace 30 trh
67287-G Mixture, as above, plus

trace of chalk 2.2 1 &0 - - 10 30 trM
67287-1 Med. 1t, gray siltstomne

with uwed. db. pray laminations N6 N4 3.2 1+ 50 - 10 30 trace -
67287-L Shale, med, dk. gray to med.

gray N4-N5 5 1+ 20 20 trace 20 20 20M
67287-R Red beds - mainly siltstone

and sandstone 10R3/2~4/2 .01 2 - - 30 30 30 trM
67287-T Dclonite, 1t. olive grav to

white, varicus textures 5Y6/1-N9 .3 1+ - - - 28 - 8G Al?
67288-% Mizxiure c¢f limestones and

dolomites, med, fc very 1t,

gray; plus quartz grains N6-N8 W2 2- - - - trace 20 70 AL?
€7288-E Granite, mod., grayish red



Table 3 Organic Matter and Light Casolines (Ca—Cy)

(Analyses by A.K. Everett, HK.M. Fry)

- toce. Total

) Organlec Organic Total . _
’ Depth EPR Carborn Matter C - € Correlation Ratios (See Table 3-A)

* (Meters) No. (%) (X)) ‘?ppm; 01/02 A/D2 lebz CH/MCP

900 67284-8 1.84 2,25 0. - - - -
1110 67285-F 3.70 4,52 0. - - - -
1320 67285-M 1.61 1.96 c. - - - -

1500 67285-5 1.60 1.95 0. - - - -

1620 67286-C .51 .63 C. - - - -

IR0, €7286-J .32 .39 0. ' - - - -

1890 67286-L .75 .91 2.4 1.65 17,6 15,2 1,38
1950 67286-N .35 43 1.1 2.54 9.08 B.06 1.37
2010 67286-P .88 1.07 6.7 3.72 4.03 14.6 2.81
2070 67286-R .48 .58 7.1 2.23 4.45 8,51 1.15
2190 67287-B .53 .64 2.9 1.28 1.1 13.2 .79
2250 67287-D .62 76 4.6 1.34 8.65 14.0 2.07
2310 67287-F  1.44  1.76 17.9 .64 2.17  5.06 1.16
2340 67287-G  2.15  2.63 43.3 3.10 3,24 12,2 4,03
2400 67287-1  3.20  3.90 72.5 1.41 €1 3,67 1.58
2490 67287-L .53 .65 6.9 1.65 6.79 12.0 1.10
2670 67257k .01 02 1.3 2.78 4.16 23.8 3.26
2760 67287-1 .21 .28 1.1 2.90 2.70 11.3 1.18

2820 67288-B .17 .20 0. - - - -



TABLE II1 A

DEFIRITION OF SIGNIFICANT GASCOLINE RATIOS

Light Gasoline Compounds Dctermined b1¥éas Chromatography

Pentanc

Hexane

Heptane

Iso-Pentane

2-Methylpentanc

3-Mcthylpentane

2,3-Dimethylbutane
2,2-Dimethylbutane

3-Methylhexane

10. 2-Methylhexane + 1, 1-Dimethyleyclopentane
i1. 2,3-Dimethvlpentance

12. 2,4-Dimethylpentanc

13, 2,2-Dimethylipentane :

14, 2,2,3-Trimethylbutane ’

15. 2,2,4-Trimethylpentane

16. Cyclopentane

17. Methylcyclopentane

18. 1l-c-3-Dimethylcyclopentane

19. 1-t-3-Dimethylcyclopentane

20. l-c=2-Dimethylcyclopentane

21. 1-t-2-Dimethvlevelopentane + 3-Ethylpentane®
22, Cyclohexane + 3,3-Dimethylpentanc*
23. Methylcyclohexane

264. Benzene

25. Toluene

OO0~ PR -

Significant Groupings of Mulcecular Data

A. Hexane + Heptane
B. Pentane + iso-Pentanc + 2-Methylpentane + 3-Methylpentane

C. Naphthenes
C, 2-Methylhexane + 1, l1-Dimethylcyclopentane* + Cyclohexane +
! 3,3-Dimethylpentane® + Methvlcyclohexane

C. Methylcyclopentance + l-c-3-Dimethyleyclopentane + 1-t-3-
Dimcethyleyclopentane + l-c-2-Dimethylcyclopentane +
(1-t-2-Dimethylcyclopentane + J-Ethylpentane)*

D. Aromatics Plus 3-Methylhexane

D1 Benzene + Toluene

D2 3-Mcthylhexanc

*Analyzed together by gas chromatography.



Table 4

»
Swmary of CI3* Soxhlel Extraclion, Deasrhallening

and Lisid Chromatosrarhy

i Weishts of Extracls and Chrosatosrarhic Fractions

. GeoChem
& Saarle
Number

T77-001
77-002
777-003
T77-004
777003

Weisht of

Tetal Precirita

ted NS

Reck Extd Extract Asrhaltenes Soluble

Identification ({(srams)

67286 L /8™ 100.0
726 R 270 100.0
67287 0 220 100.0
672876 z30 940
STWIL e 9.0

{srans) (srans)

0. 0394 0. 0200
0. 0383 0.015
0. 0334 0.0198
0. 1441 0. 0393
0. 0240 0. 0164

B. Concentratien of Extracted Materials in Rock

Geolhen
Samrle

Number

177-00t
771-002
T71-003
TT-004
T77-005

Total

Extract
[dentification (rea)
47286 L N
47286 R K-{]
8787 D 384
78T 6 1533
87287 L 270

{. Cearosition of Extracls

GaoChem
Sanrie
Nuaber

T77-001
T77-002
7-003
TT71-004
T71-003

=iy dr ocar
Paraffin-

Narhthene Aroma

{rra) {rra

19 17

2 92

24 84

112 49

————Hrdrocarbons———-—

Paraffin-

Narhthane Aromalic
Identifiostion X 1 PR/Ar om
T84 L /IHC™ 4.8 43 112
6786 R 227C 55 24.0 0. 23
6787 D X2 43 09 0N
7816 431 73 N3 0B

L M -

Shlﬂr
{srans! (srams)
0. 0194 nb
0. 0227 ND
0. 0184 XD
01048 - ND
0.0076 - ND
Table 4 {(Continued)
bons——-—

Precirld Eluted Noneluled
lic Total Sulfur Asrhaltene  NSO’S MS0‘S
) (rem) (rra) (rra) (rra) (rrm)

3% - 200 76 7]
113 - 15 L &
108 - 198 &3 15
807 - 418 37 134
- - 13‘ - -
Table § (Conlinued)
==mm—mmmmNonhydrocarbons
Eluted Noneluted Precirild
Sulfur  NSO'S  NSO'S  Asrhallene 'S
p 4 X X Asrh/NSO X
- 193 208 50 8 127 91
- 23 104 8.7 137 5§
- 16. 4 39 51 & 1N 31
- 4.4 87 27.3 0.82 X6
- - - 68 3 - -

*
Analyses by GeoChem Laboratcries

Parattins-
Narhthenes
{srans)

0. 0019
0. 0021
0. 0024
0. 0105
ND

Eluted Nomalwtled

Aromatics NSO'S
(sroas) (mass)
0.0017 0.0076
0.0092 0.0074
0.0084  0.0043
0.0466  0.0358
ND [ 311

NSO‘S
(srams)

0. 0082
0. 0040
0. 0013
0.0124

ND

—————————Nethy & ocarbeng——————

Tolal
(rra)

3%
270
274
926

-

HCMon HC

010

0.42
0.39

0. 66

-



DEPTH - Maters

TOTAL HYDROCARBEON GAS
0 10,000 20,000 30,000ppm O 50

Ca2-C4 IN TOTAL
HC GAS

T.0.2918m.
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|
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l
I
l
|
|
[
|

Peculiar
bluish sh.

Gy, blue, red sh.

Gy. to bn. shs.

Sh. + Chalk

Gray sh.

25%
Red~Brown sh,

Abundant
Red Beds

Gray
Sand
Granite |

100%

Cis+
ppm

- 38

- 113

- 108

- 607

- <85

FIG. | -~ GEQCHEMICAL PROFILES, i6/1-2.
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