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SHELL OIL COMPANY 
P.O. BOX 527 

HOUSTON, TEXAS 77001 

July 25, 1974 

< I 

subject: Gulf of Alaska Samples 

Mr. Thomas Marshall 
Chief Petroleum Geologist 
Alaska Department of Natural Resources 
Division of Oil and Gas 
3001 Porcupine 
Anchorage, AK 99504 

Dear Mr. Marshall: 

Attached are copies of analytical work performed by 
Shell on samples collected from the Division of Oil and Gas 
sample laboratory by ~tr. Clif Jordan before his resignation. 
The analyses performed were Pyrolysis-Fluorescence and Vitrinite 
Reflectance. In order to aid you in understanding the results, 
we have attached additional text and illustrations defining the 
procedures. 

We greatly appreciate the opportunity to perform the 
analyses and trust that the attachments are satisfactory 
documentation. 

Please sign and return one copy of the enclosed 
Transmittal of Data. 

Very truly yours, 

PTL:SAH 
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( PYROLYSIS-FLUORESCENCE AND VITRINITE REFLECTANCE STUDY 
TENNECO HIDDLETON ISLA~m NO.1, SECTION 28 T28S, R6H, C.R.B.M. 

GULF OF ALASKA PROVINCE, ALASKA 

Pyrolysis-Fluorescence Study 

Ditch samples from the Tenneco Middleton Island No. 1 well were examined 
for source rock potential using the pyrolysis-fluorescence method. The results 
nre sllmmRrized on the attached source rock log and data sheet. Because of the 
very small size of available material, \ .... e composited a number of ditch samples 
to make up a single "p-f" sample. For this reason, ~ve used 0.2 gram for the 
30 samples examined, but the results were plotted according to the standard 
size of 0.1 gram. 

The attached Patent Disclosure by R. L. Heacock, et aI., "Process for 
Measuring the Live Carbon Content of Organic Samples" provides the background 
needed to interpret the basic data. The pyrolysis-fluorescence technique differs 
from the non-carbonate carbon content in that p-f measures only the thermally 
reactive organic matter. On the data sheet and source rock log is the notation 
"STD = 37 ..!- 2." A glass rod having a fluorescence of 37 ± 2 units is used to 
staridardi/:e the fluor.ometers; the values sho~m in the Patent Disclosure and in 
the current study are calibrated in this manner. 

Vitrinite Reflectance Study 

A total of ten composited ditch samples were prepared for vitrinite 
reflectance study. The vitrinite was concentrated by non-oxidative acid solution 
of the inorganic matrix. Standard A.S.T.M. procedures are followed for polishing 
and examining the specimens. 

The results of the examination are sum.'narized on the individual sample 
histograms and in the table presented below. On the histograms, each vitrinite 
reflectance reading is shown to the nearest 0.01 percent reflectance in oil 
('I. Ro), Clnd the values are summed up for each 0.1 percent Ro group, i.e., 0.30 to 
0.39, 0.40 to 0.49, etc. In the table, the maximum and minimum reflectance 
values give the range in readings; the (arithmetic) mean Ro is given with the 
limits of uncertainty calculated for 95 percent confidence limits. Where the 
confide~ce limits ar.e broad, such as in the first sample, the results are con­
sidered to be poor; where the limits are narrOl .... , such as in the 7500-9000 foot 
sample, the results are good. Inasmuch as these are ditch samples, there is 
apt to be a certain amount of cavings present; further interpretation would be 
requir.ed to di.scriminate bet\.]een cavings and in-place material. 

Dej2thl ft Nax, Rol'o }1in l Rol. Nean Ro ± 95!', Confidence Li.mits 

195-1350 1. 75 0.72 .1.32 ± 0.15 
1635-2025 1.50 0.57 1.02 ± 0.16 
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[l , • 1 ~ t jl 
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7500-9000 0.45 0.34 . ~). . 0.41 ± 0.02 
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Some of the methods used to determine the burial metamorphic history 

arc summarized in the attached table taken from a forthcoming publication by 
Hood and Castano, These methods are related througb the use of the LOM (level 
of organic metamorphism) scale reported by Hood, et al. (in press). The tech­
niques for measuring the level of organic metamorphism reflect the irreversible 
effects of temperature and time--hencc, of thermal history. Therefore, the 
reflect~tnce data presented above can be readily tied into LOM or the coal rank 
scale, \vhich for many years has been the standard for changes in organic matter 
during burial. 
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~ PYROLYSIS-FLUORESCENCE D~ SHEET 
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CQ!,.'1PANY - TE~Jt\JECQ LAB ~\JI~. - V8875 

WELL @R QUTCF:5P - I.UOOLETQt~ IS ~JQ 1 

DEPtH QR S,~~~PLE NEt .... ~. 16:35 2025 
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(OAL SPORE TH ERMAL VITRIN ITE (A.RBON- ALTERATION 
LOM RANI< BTU % V/IA IZATION INDEX REFLECTANCE 

SUGGATE x 10-3 STAPLI N (1969, 1973) 
( 1959) GUTJAHR (1966) SEE ALSO CORREIA('67}] 

0 INTERNAT • . CASTANO, 

1- NON E HDBK.OF THIS PUBL. 
COAL (RO

MAX
) 

(YELLOW) PETROGR., 

2 (ROMEAN) 

lIGN. 
2-S11GHT 

4 (BROWN-
8 YELLOW) 

SUB- C 9 
6 

BIT. B 10 
11 2.5 

8 C 12 (45) YELLOW 0.5 
HIGH 13 
VOL. B 14 (40) 
BIT. 10 A YELLOW 

15 
(35) 

TO DARK 1.0 1.0 

MV BIT. 
30 BRO\AJ N 3-MODERATE 

12 25 3.5 (BROWN) 1.5 20 1.5 
LV BIT. ~;" 

15 3.7 --
/,_.{;,-) ..L. 

2.0 2.0 
14 

SEMI- 10 
ANTH. 2.5 

16 BLACK ± 4- STRONG 2.5 
( BLACK) 

3.0 

18 
ANTH. 5 3.5 

4.0 

20~--~----~---~----------~---------L--------~ 
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2 
tent. In nne ~rplk:ltion of the in\'c11tion, :1 plUl:!lity of 
,u,'h ~;II\\l'k" prd"r:,bl~' cOll1l'rhil!g bit cUllin!~, l.:k:1\ctl 
l'y ,Jrillin!: a plmalit}' or \'.'..:11 hor"ltok', :Ire JlK·.I\lIl.:<I ~o 
<'IS to Ill:1P tilc livc carbon contents of (hc ~lJbh'I'I.IJlean It,,t'f.1 I. 11LI\'u;\,. I i:II .. :"", (,,,III .• :IIII! Arrliic lio'l,I, 

I tlll,I,,", I t'\ .. ;1"i~:I'''r\ to :-.1",11 Oil ('Ollll':IlIY, .'\cw 
\ "rl •• ,'. \',. a nil 1"" :llill" "I' I h'l.", ;Ire 

5 elll tl! formalions. 

hll',1 ,"".1.', ('1(.7. :-",r •. ""n. (,:\2,.j(,6 
Jllf. ('1. COlli 2i1N. ,UII:!. 3312·/ 

U.S. O. 2.\-2,\U 8 Claims 

BlUFF DFSClUPT10N OF TlIE DJ~AW!NG 

FIGURES 1 throllrh (, arc [!(';\I'hic:ll prc,cnl:ltion~ 
COI11I',Uill;! tltc results llL>laincd by til.; pro,c,s of Ih.: in-

10 vent ion \\ilh klW\1 n te~ls. 

A\lST(~,\CT OF TilE llISCLOSUlm 

A proc\:~s for m~;I'IHin!: tIll' Ii"" ~':Hh'l\ content of an 
oq'::nk ~:1111i'lo: by ill·:tlin,: ,11 .. ~.ln;f1k to l'yrolyzin[! tel11-
)1cr:tlllrc so that \':II)''I'S aI',' "i\'~'n oil. Th~' \'arl)rs :Ir~ ((1:1- 15 
Ikn",cd, tlie fluorl",<'n.:<: :hl"I~llf h 1l11';I,urcd and the livc 
cnrhOIl (,Oil l<!n t (If tl:~ <:Hni'lc Illakri:ll i, d~l:rl11iJ1cd by 
COl r('I~lin~t tlie 1l1\;a~l1l~'d tl\i,'il':,,·.:n,' \\ itll tho: l111orcsccl1cc 

DrSCRIPTIO~ OF TlIE PREfERRED 
DmODI}'lENT 

There :\r~ thrt'e types of c~\rbon of organic nmlter. 
T01~\1 cal bOil incll1c\c, :Ill ()f th~ orpnic (i.e., noncar­
bonate) I::lrhon ia a ~al1\l':<:. Livc clrbon i~ Ihal portion 
of Ihe Il'tal nat-oil which, on i'yroly:.i, at 500· C. in the 
l:IboratoI y or tilll il\~ fllture burial to gr<:ala lkrtb .. antI 
kll1r..:ratllr~~ in Ihe ~ub'lIrr:\cc. ykl,h :1l'l'r,ci:ll1l..: (j\l:1nli-fr(lm a mal~rial cf kr.o\\ n c:lIl1!ln conkn(. 

20 lic:; of hydrocarbon:; and etkr \llbtilc organic mattei:. 

JlACKGROL:~1) OF TIm I~VENT10N 

Fkl,1 of the' imcntiun 

DcaJ cal bon j, th~ r"J1l:tinin,: !,u!lion of lotal c;\rbon. i.e., 
that \'. hid., un hc:tting, yidds cs~cntially no bydlllc;nb,)J1~ 
or olher volafi'" oq!llnic lll;,lkr. 

In rallil formations. mi.\lme of both dead and live 
T:,is in\'(,fltion 1','1:11<;, to :t pr(1c(,'s~ for ll1('n~lIring tht' 

Ii ... .;: carl.w:l conl:: .. t (,f or:::ll1ic ~:I1\1J'ks ;\I~d. more pnr­
tkl:l:trly, lh" live ~':!rl"'11 ,"II:('nl of llit c\lttin;:~ obtained 
ill <1dllillg :t \\'('11 in ~lIb!"IT;H:c:tn (':1I1h furmations so as 
10 J1l:lj) the di-;tlibl:til'\\ 0f !i,'c org:1I1ic C:UilO:l content of 
the ~lIbt~rr:tm:al\ fOrllwtiol\s. 

25 carbon C'ollullonly occur. It is Buinly th,; li,c calbon of 
!In.:-·!raincd r,)CKs with which \\'C arc cOllccrnc'd in the 
imla'ilt di'do\ure, sir.c.: it r,'prcsc:rtI5 Ihe ~d!lIC'; of the 
earbo:l of pc·trolc'ull1 Illokcuk.;. Aft'~r cxpo:;urc to bbora­
tory tcml't'rallllcs of abo\lt 500 0 C. or to suo,urf:1ce 

J),'scrirt:C'l1 of the prior nIt 

30 kl11p~r:H!lI":~ of :1bout 250 0 h) 300 0 C., tIl':: Ii\'.; c.rooll 
is lk:;tlOycd (h..:rnl~tlly, and the )'cl11ainin,r. carbon i\ dead 
carbon. 

Vnl'inlIS r.eo,·hcl'I1k:11 mcthods h:tI'O: b~cn SlI!:!t.!l"kd 
prcl':l'\I\ly f~r lkl(l'Il1inil1:: thc lo,:~ti":1 of \lnlkrg~'llll1ll 
p~lrt'kl,1\1 r<':'-:I'\'(·ir" Th~','; 111~lhuJ, arc: intended t'l dc- :);, 
kd II:.: pr('~ci'.ec or Pl'lfllkum CO!hlilll~llh in slIrf;;cc: or 
l1!HIl':'~!rc'lInti formalil'n, in 1'\'cal,;r Ihan norlllal quanlity. 
~uch allo!11a:it:~ arc'l;d ... '::1\ a, an illdi.:.!li"1\ of the prox­
imity of a pl·trokulll rc<crvoir or t'thl'r C0flc<':1I1rati,'11 of 
,':tro!cuJlHypc bydro-;::!I'h)t1", It h th\l~ pCh,ill!.::, by dc:- 40 
tcrling thc pre';::~ce of J'~trok\l1l1 con'lituo,;nt, in o,;~:rlh 
s:I!llpk, ~lIdl [IS <oil or rod; ~'lIl\Pi.;s, 10 ,,-;.::.:n:lin tll;! 
\c),;:til)n ;mll I'rl':-.i:llil~' of pc·tro:e[lill dC)ll),its by <:01'1'0,;­
latil!g the n:!;ltivc at110\l111~ of 1\;,':n)I.:~lm constilllo,;nts 
pr,""cnt ill lh~ ('arth ,al11(';:, with tho,; h' ... ·alion' [rolll \\hi~h ·15 
the: ';I:npks '\~rl' l:I\;~lI. 

II 1;:\s b~o,;n 'l1~',:e,,!o,;d pr('\'itlll,lv that t1:c rrcsen~c of 
p'~(I'(l!o,;lIlil ~'lHl~lit'!<'l1h ill an earth ""1111'1: m:J)' be dc-
1~,ll'd by CXl! ;H::i,,:.! or:~:ll\k l'Olhlillll'lllS from the c:trlll 

~;lml'10,; and th,'n ,'v;\llI::tii\!~ tile 1I1101C:.'::C:1'C of the ex- :;0 
t",t'! ,'r a ~'orc('I!lr;tli(l!1 ther"of lIlIlkr llilravic,kt li':hl. 
Th~,~ 1l1~!h,,(h dl'l'c'lId lIpl1n 111;: kl~own tltlorc,cenco,;- of 
c<'lt .. iil 1'000trlll<:\1:\\ ,,'n\lillll'l1h, C"l"c·.:i:llly i!\terl\\~diatc 
nml11.llics, O;.e ,",'11 n~~'t!ll)tl i. d:s:ribl'd in U.S. }';\I,:nt 
No. ::,,15l,l'8~. 1It,\\,'",r. SIKh priN art techniques arc' 55 
rcl.lti,'.:!y cl:tbm;ltc :1nJ COl1lplex. 

SU~(\I.\RY OF TIlE I:--.'VENTION 

The or":1ni" liyc c:t!l'on ('()ntcl'l~ (If sllbkrranC',l11 carth 
fo)'matilll~~ arc d'::kl'lnil1l',1 by ,amp!ing bit CU;I;n!,:~ rc­
lca~,'d h' 0ril:inl: at known denl\Js and localion~ within 
Ihe carth forr)1;{: in;1S, A S:tflll;lt; of the bit cLlltinp ;~ 
preferably hcateL! in a small conl:rincr, stich ,\5 :> glass 
It'st tubc, he:,[ over thl! f1:1rn~ l,f a h'~:1linf, device, slich as 
a BlIll'~'n bl!rt1Cr, IIntil the clo~.cd end of Ihe t.:::.;t lube 
reach:;s a s-::k..:ted p:;roly;:inr, ICll1r~ralll.rc :llld \';;por~ are 
f!ivcn off. This 1~ll1r>cr:llLlrc is appr,':-.ima~<.:ly 500· C. or 
Ih~ rC1int whcn Ihe ck)'icd rnd of the test tuk tllrllS rcd 
(i.e .. "rcd h::al"). Sl1::h a lC'mi'cralurcs insurcs the pyro!­
y,is of slIh,t:!llti:t11y all of the orpni..: mal:cl' within a 
rC!:1till.:lv ,hort (ro,;;1I1I1Cll1 time. 

The ;(mount l,f bit cliltiV::; I'hccd in Ihe Ic\( tllbe for 
Saml)!;!::' i, fl'!;)!iwly ~1l\:;lI, :1'<. ior cX:lmrk. about t~n 
small d!'ill CI!llin~~~ or <tl'PI"(.xilll<lk!y O[1~-kllth of a gr:-:.m. 
'J he tc·,t tllb.: i .. h~I,1 ~':llcral\y lhlri/"'!lt.,lly \dlik bc'illl: 
hc!!ted. with the clo,cd en,l ovcr Illc' he:ltin,: It.: \ ice. The 
('I','n ,'nd ,)t Ih~ IlIbc rl'nuil;, c,~,)l :ll;d thll"t!J~ i')T,)lylic 
Yap,IIS from the' cl!l!in~~ .. (':nd Il' <.·('n,h:n~~ on th~ \\'all~ of 
the t\lbo:. When the sample: is cool, a ~ll1a\1 'lll:llllity of 
S')!\'~l\1 is atlJ~d tll ob1:,;n a nearly uan~l'ar~1tl ~lll11tiol1. 
For <,,,;unr!l', three lI1illilill'J'S l,f ~'111,)rl)I!JCIlC i,. ad,kll tn 
the or.,-\cntl1 t:r:tm s:\lllph:. and Ih.: wlulioll obtain~d is 
Ir:lm(t'I'r,J to a cl..:an tc',1 tube. 

Thl' tc't lube conlaining itt.:: ~('luli()n ;<; then pl:":c<1 in 
a (,lnwnti"!l;d l1u(lrnl11:;(,'r (f"r cxaml'k, a Tu!!wl' }.(otid It i, :Ill ot'j~~t l.f Ihi, i11\ l'llti,)n to T:1p;Jly and cco­

n!llnk-ally d"I"rllliJ;~ tho: live ,albon ':l.nIC1\1 of an N!!anic 
).ample. 

It io; a furth,'r (Il'i,',t (1f t"i~ inwlltioll 10 rapiJly ;'tnt! 
c,·Olll':Ili.::t11r m.Il' Ih,' di,ll ihltion ni li,'~ oq::1I1ic CI!Otln 
COl'oll'ntr:tlioll in ':1111(,1(.',. \11.1\ a~ hl 'I:tlin;:~ rclc:l~cd in 

GO 1 J{) !lll"I'<.lI11~ll'r. plcklahly !ll11,ldled by th~ a,ldilil,n <.If 
a ~)l)<:;. 0:';1'111,. nl'lItral lkn,ity tilt,r tn brin!: th~' "n,ili\'ity 
of tli.: 111111\',ll11.:lI:r within the r;!Il<:c typit:ally 1I,l'd~,1 for 
0.1 glam s:;mpks) for nwa,lll ins Ihc light inten\ity l,r 

UI illill'~ a \\"'11. flll::\ ~lil·t:rlan.:an ,',Hth ftlrlll:lti<lns. G5 
'j he,' invcnti,,,l j, (';\1 ri,'.! 01/1 b\' lll·;t! ill ': ;m orl:;111 ic 

S:1l1lplc: III a "d,',II.' ,( p],lolYlill!! 1"IllI'I'! at;lrc :It ,; hkh 
";11'01' ;'1',' ,,:ill'n ,Ill'. T!,~"': \';II'IlI'S ;Ire: (l.nd,·n',c,1 and tll~' 
Illlllr'·',·I·lll'O: (lr a l:nit 'ampk of lit,' \'al'0" i~ nll'a'III~'lJ. 
·Il.c' Ii\'\' c;llhnn (l'nl,'nt ,)f thc '''111)'1.- 1l1.ltc'l ial i, thln in 
d<'l<'lllli1\,',1 t" ~'I'II,'l:Jtin'~ \11,'11\<.::1'.111,<1 Hlh.r,".,,·n<;c '·.illt 
,I,,, i1"I>lt"~"'I;l'" [11)111 II 'llllll,'Ji,1I ,.f I.nll\\'l1 l'arboll con-

thl' ~Ollltilll1. 
A, di,,,:u,,t'd ~bo\'c, the solution Olllst he I1c~rly trlll1<;­

parent ;;1 Oltit:r 10 o],la;n :,n a':':\lr:lt~ rC:ldi"g. TIlI"e 
slimpk .. I!il illl: a llul.rc"("llCt' rC;I<lin~ rrcI.ta Ihan about 
~O on thl' \ll,,!ifi~d TlIrn,r Illhlll)\lWIl'r,or havill,' a bIO"\ II' 
colol nl ""hll,illll, m;,v. \111 I Dllh"J tllllltilll1 II.' iii) 511\-.'lIt, 
~~i\c 1:1:l";r 1l11'kr fl:a,lin"'; "I' !hll)!',".~(n,'e I~r Ill1it "I' 
ori~it1.d ,.IIl:pk· (Ihi~ i. ldi"\'e:d In be <lUI! 10 li,'hl "I" 
wrplioJl by lit.: Id,lti\'d)' l'onrcnllalc,l ~I..lltl\i·)i\' "r 
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P),loty,j, r:p,l\K:, fl{)Jl\ ('II';lllic rich n)d;~. \·.11ile the 
nnOtILd.'!h I::-:Ilt ~1!H.f.lrJ,tio:l dl..·i.:rl..':l~.' .. '" wl\h dilulinn). Such 
~.IIIlI':\". :11".' Ic'r~;.:":d::; dill1kd 1: I II ith ~.,)h'l'i1t until a 
Ill;I\;I:~prll :h'l'!l·"-':!~":;"· j'~'r lIflit nf ori::inal c;.:llllpk is ob .. 
t;,illcd '11',' ["::I,d 1,',,:'11" f"r Ih" diltltnl S,II11i'l~ i, ll1ulti- J 
1'li~d In' Ih~ di:::t!":1 [,:,,: .. 1' to obt;lin th~ corrcclt:d 
JllHl!· ... ~ ... I.·~nl,.·t.·. 

111l' :1J':'r(,:\ill1:,:c 51~O' C. pywlyzing tC'mperature i~ 
c()I"i,;~'r;I!'iy !'Il';'!l'r th.IlI Ihe tCllli'l'rature at '.\ hich oil 

~~r:f~"~~~',\'~\ l;I:l'~l~! ,~~:t~'1 ~> ~ ::1:;: t~\rl~Ii~' I~,'~I~;~~~~~ :~I /,:lrl,t I~n ~~\~'~ 10 

or,;:all:-: 1;1:::t·;r "f :1 lin':';':1 ain,'.! ~:dim<:IlI 111:1]' I": pn,tll-
1:ttl't! ~~ f,.!k.ws: l'il,l. :'al[ of the o~g:1I1ic matt~r is 
co~n·~·rt .. ·.r h' a J~o!l\IJLuik. l.'arbOl1.h.:io~ls 1"l· ... idliC (i.e., 
lie-ad c::: !-r':l). 5(,,1':1\1. ~il1l:llt;lItCOll<;ly. the oth~r p~rt of 10 
the ('II!:;:I1!, I;:atl~f i\ ClVl\','rtl'c! !O I"<,latil'~ 1I\'".I;oc:!rl:or" 
and 1':\:1,',1 conl:'Q\I!1lh \Ihidl at,: r:1l':dly d:""till~d from 
llie rl'.;!;. The hi!.!!: .. 'r·!'Clili:;.~ I'rod\l.:ls :nc rOl1d~lI,cJ on 
thl! cool 1'::llIs of Ih: tv.l 1111',', Thirll, I Ill' dhltihllioll 
of mokclIk::. by Silo! and t)T~ in th·: \"oblil<: I'yroly;:is ~o 
rroJm'ts 1:I;lY di:T~r ClL:':':,'!":l:'I)" from the wtal dis­
tril'lItio:l of r.lOkcllics \\ hi.:h \\ ,)lllli be rcka'<d fro:11 the 
rock u;:.lcr naltlral conditions (Jf incI"(';I\inr: dei'til of 
buri;11 \',"i~I:;n lh~ c~nh, 1 [,.-. .. cwr, n1lholl~11 Ill: rrvrortion 
of \\,b!ilc l'Yfoly;.i, l'ro,1\:':15 ('xliil)itinr; nllor;:~(~I1Ce is 25 
prob:ll,1y ~lll.lll. Ihc r.:: .. )r'::'':(;ll'~ (,f the \"olatilc p) mlys!s 
pro,ll!d~ i\ r..-i:.k',! to t:,: ~'111I of (a) th~ ~lll;!I1 :11ll011llt 
of l:c:l';Y ;lydr(x::r~'::>.,,, ia :!J.~ rock I.'e'fnr .. ' I'yr"lysis nml 
(b) thc ::dd :liop.:l1 0:1 \\ h::h could be (!cr.cr,l!c'd in the 
rock un ... l;:-r p~'!tlr~~! Ct)r!dil:l':l'-; of ir.crl!a~~~n[! tcn1rcr~t\lrl~. 30 
The fo11'-''o\·i,r. <ii;cu,,,ion llf Ih~ figures of the Jrawing 
will h'i!l_~ Oil! this r':;2.!ion,h i p :nore el.;;:l1y. 

SlU11:,1..:.; l:('..:!d i:r \'~~\'c~()r~il\g nnd chc.;;kinI! the n~cthod 
diseu\''-,t:d ~bo\"C' ~~:1.J ~l~c !D!'~lT',rctHil"'lns following were 
IrlKrn irrr:n ('~n!r;:l \\'yoI11i1',: c(,re h()!~$ dril:':d ill 1963, 35 
Thc,e ~:1l'1rk5 :II,' ;:11 ('n:t;:c~ot1, rocks Ih::t have not 
brCIl (;\;"{l-.':,! to 1::~:;1 h'!i~i'::r:~tllrl's :ll1l1 i.~re illUH:lturc 
!!CO~h·_·Tni.:;d!r, :t, (~i. .. t~nl1in .. ';J f:-on1 the prcdon,i!l:~ncC" of 
od~l-c:"11'o:\,rrll!111':I"~t1 nt''-I:nl p::1'rln;ns, 10\'.' nar-hlllenC'. 
rin~: ; l'I1.'X rInd 1,1\\' 1;\li<, (.f cxtractabl~ h':drol'::rt'ons 4!l 
10 tot:\1 o;·.~.;,r.i.: .::,rl·on, 1'IC;l:RE I ~hows ihe rrbtion­
ship (,f c.\[r.I:-t..l-!e he::\,,,' In-droc::rbons 10 lotal on:anic 
c;lrbon cOIi:l'r~b i:1 thi.' \VYI~!11in:; core hoks, Thc\~ fC­
snlls were olnaincd bv routine source rock at1:l1vsis. 
The d,'a:1 carbon cor:!~'I~h of lho! \V"ot11i:1_~ core jl(ll·~ J .j 5 
s:lIl1i'lt:~ ~rc in rlll ca"<:s close 10 1~;' wI, I leI',': the fCIa­
lioIl,h:p i!ll'o;; in.'! Illt:!l or,:anic c;Jrbo:1 in l:IC;URES 1 
IhrOl!<:ll 3 c,n !'c c('n\·c·tld al'proxill1r1tcly to a b:1Sis o[ 
livc C:r!'O:l ~ill1J11y hy ('O:~,i,krinf! live call'o!1 to I::el % 
wt. k~~ l:l:lr'! the' to;,11 or)"II:ic carl'on. [,0 

The C'jll,'l;]!io!1 h:t\',"("11 101al or,:rll1ic carb<'n COllent 
and ryrt'h'i'·IIIl!'fcs("C'm'~ nllles is shown in FIGURES 
2 amI 3, FIGU!~E ~ <lO\\'S til,' fc'l:l:ion,hil' of pyrolysis­
fhlor~<:cI1~e \':\III~s to to[:~1 ofl!al1ic C:lr1'OIl l'nnt~nls in 

4 
WYOtl1ill[( core h(ll~s. A~ in FI CllJ Ii E 3. the ri):ht·h:!nJ 
portion o[ nl'l;RI·: 5 includes ,bta for ~;tl1\pl..:'; :rn:llYol'd 
1,1' til.: Ic'.t Il1h: rlyr(\ly~;~·llIlorc'l't:lh:c pr'K~'~ of. the in-
willion; th~ I.:ft·h.llitl l'I)ltio:l of th,.' rr,'rh d:ri,1-; Ihe 
COIl!Cllt of c.\tr.kt.ll.'it: he:l\')' 1i:.,lrl',·:,rh'Il', '1 he' t)Tio'" 
of f()rll1;\t:on~ lI:l\n,ed I,y tli.; \\','ll b,'r,'I:I)le ;11,' illl!i-
C11"t\ by the 1.::1';1 ~ I:) the ('\tr ... ml' r;)'ht "f the fl.q·h of 
I lGUF.E 5 ,lI'd c,)tT"~I')l1d to the ktl<:[, ,kscll~~~dabo\'..: 
I\i'i! IC\"t:ct to l'lGGj~E 3. 

FIG C RE (, i, a str;lli!!r:lphic di\triblitillIl of PYfl·lj·,i\­
nl!t.\r~'.(~n('c \':dl!:"') C\):llp.lril1;~ !\.ljl1pk, fruln lh-,! ":{H(.· 
hoh' of nC;T..:I:LS 1 thrl.)II,:h 5 \\ i.h .Ili:1 cUllinl:, fll'<1' 
;! n'::lrt'y \\",,11 (:1l'rr0\ill1:1kly If) Inil.-, :Iway) , Tl;,' r:,:h[­
h:lllc1 F,1riion I': li:c rr;lrh ~'lrI"':""h" to the dr:lJ <:l'I­
tings; the Icft-hanJ [,"rtioll of tLe t:IH l' I:ole 'a III p!.:" 'I he 
tYI','S of f,ll'lll:lli,'"" CII':O\llllt'ICd :,n: li·.ll',1 to th·: c\trl'lIlC 
1i~ht of FIGUIZE (j ;JIlt] ~il11il;lr Io:!!':r~ ('orr'::'i'l)1!tl to 
111(l"c btcJ :1bo\'': wilh rc,:-.:ct to rleURE 3. Tbi, 1'r,11'11 
~hn',\"s that thcle i, a f'C'od c\~rrdati(ln betwecll th.: core 
II,,);,, S:1I11I'i::S :t11,1 l!t~ drill c!ll:in~, fl1.1111 thc nC;lrbv IIdl 
hlId:o!c, neil)!~ E (i abo ~!lll\'~S lli~l pyrvly,b·1l·1l0f,·s-
ccn.:(! (Llta for rood clittings cOIn k ll)<:d illkf(:haOl~·,c;:blv. 
\\ iiI! tl!; r.\r~ly :\";lii.,b1.: ,l;lt:: for cor,', i,; tIle <:\';t1';J,l!iO;1 
of the hydru~:lrbol1 p01cnti::1 of :1 ~l!Ui"(' fOrll1:11j,)I1, 

In SUmlli:Iry,lhc tc,! Iub.: p)'loly,is nlll)rCSCcncl' lt1cthod 
of our i:1\'~ntiDIl givc;; f:ood cc'~r~l:tiiolls \\i:h mllrc 
c1:t~'or~ttc Cli(,111::"'J.l Jl)'.:lhoJs fur tk:.:n111Plnr: Cuncen!ra .. 
til)1l5 of E\'e crg:,nk carbon ;In.! eXll:,c~:I!'!c k:~.vy h)'dil l -

carbons in a sul'tl,'Ifc:ln forl11:1tiol1, Jt p:-ovid~:; 01'';. "";IV 
of conJ\I('ting :l s:lIl1rling atld map;'!r.? procedure th,;t 
tltilizes \\'dls that llI:lY h: drilL-l! fl1r :"Irpo:'cs o:hl,'r 11t:1Il 
n1:1Pi~ing pro..:cdu!"c. 'rh~ S:lf:1i'linr: [1!id nl~lppjnf. pr('I..~·a 
dill':: conlr'ri:.cs: s<lIl1j'!ing lli.: bit cUltin,;s froll1 con data­
\11;= c!c-pths i!l ;\ plltr:dily 0f \\dl:;; 1'!"lolyzing s::tnl'1!:s 
('If the clltting~ at " common s(:kclcd tel11!'cr;1!urc; m'.:i~­
urin,-! a common ::.ck~1.c(1 pr01'crty cf each pyro1~ !;lle . 
Ill::t is ir.Jicat; ... ,~ of 111;: IiI " or~a;'i;; c:d'con COI1!'-,!'! of 
the hit cutlil~r; matC'rial: :!nd inolicII:iOlg Ih~ \':Iri.ltioll \"i,/i 
the lIfeal Inc::tioJ1 (,f the live olr;:![~k' c~rh"a c,w:i<:nt of 
.:an!! form:ttiu:l'i froll1 \\'{licll bit CUllil~t,S \\l'fe oht:IiI~Ld. 
Tk pyro!y!.in,? aI~d Il1c:!,mi;:g rro~(Jur,'i c:,n be of allY 
('If a I'. ilk \"aric:y of rro~..:dIIlTS. ,nch as l'kctlic fIlOJl::cc 
pyrolysis, flame ioni/:llioll detector an;dy~is. sl'~'c!ro­
l1l<:tric :lllaly'.is or tll~ li'.;l'. thaI rro\':l!e :,de'I!I:!!e r;,pi,!ity' 
and ccol:orny with adcClll:!1o! :lceuracy. 

The r.lcthod of Our inv'::l!ion II:'!; the :li,\l'ant:l:-'c; of 
c:\cellt:nt n:pro(:llcihility of rl'<llll~, srec.\ amI sim:,liciry 
of oj'cr:tlion. ~l11all ~il<: rcquirCntC'11t. :111(1 lcnv :1":.!\ licll 
cmt, O:l'~ :1f'r!i(':ltion of ,wr inI"Cntion wOllld be a r'roc(',s 
of chs';ityinL: ['illlI1linfl;:<; ,ha!c wll,:11 111:1ny S;ll;ll'!c~ 111II\t 

l~J c:X;ll11incd and :,c:r,:cl1I.:t1 f0r the con,:n:cli"n of '\Olll'''',: 
ro::k" m::ps, Thus. om method is l'sl'c'cially useful in 
ilklltifyil!g ;,nd c\~dll:ltiI1g th~ qt::dit), of both oil ~iI:""~ 
and p:t r0klll11 ~Olll c.: rod,s. COllli'~,r~lbk method, m:,y 
yield ~o;il" .. \h;!t l1101e :ll'Cllr;lte rc'.ult-; but l:l'llcr:llh' tl'­
(;lIir<~ 11111,'11 iaIf:c'r ~:lrni'l:s ;,nd rnuc'" Itln!!~'r an:)I)·ti':;I! 
timC', Fur examl'k. tho> Fischt'f ,\"")' method 1""I]I,il':S 

(.(J-L!ram s:lnlpl.:s anJ in exC'c,s of t\\·o hOllrs an,d'.'tit':11 
til:le. Th~ P:O rllr)'~is-ll\lore'l'l!llce an:ll ... ,is of ollr i;I\'<'I1-
ti"n rcquir,'s oilly 0, 1 !;raI11~ of S:lIlI!,l~ and thr.::c !() (l'ur 
lIlim:k:; 1'<'1' analy,i~. 

Ihe \\\UI:l;ll~ cor,' I,oks c·f F1GL'1~E 1. FlCit:J{E 3 is a [j;; 
strali.:.!~.fP'::~·: Cl'::l!' .... r: ... on t)f 1h:::" IOi:1t (1r~.!nh: c~lrt"()n con­
lent!; ar.d l'Hnl\',is I1Ullf::<CCIl,'c \,:Ih:l'~ in tl)~ \\"omin,! 
core h,,!,',.' :1 he rir-ht-!1:1nd rortioll of the rr:'ph i;I,:]ude~ 
datn for ~,ln1;,ks an:tiYled by thc t.::~t 11th' pyrolysis­
jh:orc~cl'''('e T'roc~ss of the ill\','nt iOIl: till' left ,h;lI1d ror- (i0 
lion of the l!rar!J i!1cllld:~ l!:lta an:dyzcd for t('tal or­
r.anic C;1I )l(m. TI~c t:or'''' 'If fot mali(),ls If;ll'er'c,1 by Ihe 
\\'t'l! h"'lll'!Il)I" :If,' indi,a[,'d 1,\' Ih~ ktlc'rS 10 the e.\trl'n1t: 
ri!:ht of the !:r;lrh of nGUI~E 3. These forll1:ltions arc 

Allho'.I::h l)\lr illn'ntion h:lo; heen desl'fih:tI with feb­
lion h) livc oq':ll1i,: clrt',lll in ~ttbtl'rr:II1,'al1 earth (.lllll,1-
lions. slIbst,Jnti:!lly any mateli:.1 h:J\'il1): a PYfolY/abk frl'­

G5 ganic C~rl'Oil conkIlI Cl!l [,~ :11l:JlY/,'d by ollr lI1.:tllo,I, 
as, for C\;tll1pL-, rl',ill~. 1':lillt<;. ('tt:. 

as follows: 

A-Stet'le ~h:-tlc 
n-l'.:il'!'f,lf:l limy ~h:llc 
C-(':,r1ik sh:l.lc 
D--F!Onti·:r form:llioll 
E--:-Iollr)' ~!l:11e 

F-T.. T""rn"~r\)!i~ sh:llc 
G-Cll1vctl,' fOlll1:1tiull 

l·I(jUI~F. ., ~hows n Cl'lllparhon of prr"ly,i'.i1I1(lI(·~­
cr;n~c \;:I:l,'s 10 c:\lra"!;I!,lc he;lv)' hytlll',:,r[,'\I1~ in the 

In rl'~pect 10 111:IJ'J'inr. Ihc: tlislrihlltilltl of sllbl('rrnt1l'an 
li\'c ol'panic carboll l'OItll·1I1~. 111(' ,hta obtailll'J [10m a 
1'1ur;!lity of well, in a j.:h·l'l1 location ,':1n 1-1: \t'c,llI) inJi-

70 Ctk h)th th,; Vl'rti,;d an.! arc:tl di~llib\lt:on of lin: c;l11'o:1 

\\ itltin the 1,1.::lIilln. 
Of COllr~I.·, utll,'r IlIctlwtl, for h('ating a 'samp!e 1I1:,Y 

('colr to one ~)"ill"1.1 in (he arl. I'or {',",:tIll pI.:, brp'r 
l'olltaiIlcr~ :JIl-J othn tYIY~S of hl'atiIl!: de\"i<'l'~ 1Il.1~' be 

'j.; 1I"'d. Illl\\CWr, ollr 1Jl·:tllOd gin', \:.\I.'l.'ikl\t rc,ulh "illl 
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l\ "'!:IIiI'd)' small ~:Itllp!~ si/c in a H'l.tliQ:ly ~1H'rt h:nr-lil 
of lillH', The tc~t 11Ib," ,':\11 1'<.' qllicUy l'111I'ti.:d and c\cam:d 
for fiJI Ih,'r m'::t\llll'!lICllh, it' dc:<irc(\, 

\\'e ,'I;dm :I~ our invelliion: 
1. .\ Pllll'l"~ fnr 111<",\"11 ill~: the carl'on cOlllt'nt of :In 5 

orf:tni~ ~:llnpk I,.'l l !l1p: ;,jl\g the.:: !--t!:ps of: 
JI''':lliJlg s:lkl S,lIl1p!,' 1,1 :1 ~ck~·t~d 1')'IulyzilJ:: kllll'Cra­

ttlre Itnti! I')T"!)::' \'aror~ :II,: gill'" o~r by s;ri,l 
~:ll11l'k: 

C(1,I,.kll,i 11;: the r),IllI),li, vapors; 10 
IIlC:r,Ut il,:: the ,IUllr,",'l'n,,: ,hit! is cxhihit~J hy the 

cUi!d"I1SC'.1 V:li'llf:< ,,( a I:ni! l,f s:lit! ',lIl'pk: :IIKI 
eklo:nnillin:: th~ ,'.\1:','11 ""IlICII! "i )"i,l s:ln1pk by cor· 

1\:!:\lill~~ lil,', nrc:I'"I,'" Ill'lirce ... en'e \\'iih flltClfC>c,'llt 
V:l!l!(:S of 1ll:rh:li:.Is WilllSI! or'!:lllic c~rbOll c'OtHcnt I;", 
i<; knowll. • 

2, The rr,)ccss of <:biIH 1 illdu(lin!,. prior to k':lling 
~aill s:II11l'le, t'l:c 'iCp of: 

disl'O\ill;: ~I'Prt)\il11:lkl~' (lac·tenlh of a )::ra1l1 <'f s:,id 
~:lInpl:: ill thl! "! .... " .. ,I "Ihi (lr :!ll ,li'cn elldl'll t!.'~t tl1b~, ~u 

J, 'J h'~ i,ro~c,s of ,1;,1111 2 Wil"ie-i,l":'': 'II!P of hr;Jt:n~~ 
~;dd ~.,:I!l"lc in,:ll1d~~ holdI111,: ';Iid h'st lubl! 'UbS!:lnlialiy 
1!(lI:,:.J:11:1IIy ()\'~r tll~ ii,lill,' III a It'';II:i1:~ .k\'i;:~. Ih~ CIO,Cl! 
end pi ,::.i,\ test ttlk: "onl:,ininL: s:,id s:rillp!e bdng dire.:tl)' 
i" C1I1I:;\ct lI'ith silid 1::1111(:, 

,I. Tlr.: i':O~~'; or ,'Lliill :I inclllJing. :If:..:r cOlllknsillg 
thl.~ \';!j't); '~, Ih·~ $~('I''\ of: 

c0\11iI1!! ,c,:tid Sarili)JI..!; 
:1,,!dll,I:: a ;O!Y,'"! to s:li'.l s:lmpl,: IIntil said s:tmplc is 

I.,d I~ \Ll ntl~lIl y t I a!I'Ir,tI ~'llt; ZlIlJ 

trZ"!:l /l;lTing s~id L'O()!:.:J ~:1J11pll.! to a !'icc-ond tC''it tube. 
5, '(ill! proCI!S" (If cl:liPl .1 I\hcr~ill tll,· step of mc~sllr· 

in;', !h,: tlllorcs,',:nc'c il\~'I:"ics th.:: stcl' of pl:Jcing tll.:: sec-
(lll(\ iel,t tllU';: contaillin"', the cooled s:lillJllc in a !igill. 
ill!L'j1~;ty n~l..':lsl1rili~~ d..:vi ... 'c. 

Ct, ) h,~ [llO:'~<S ('1' :11:!F:>;nr: thl! di,triLwlion of orpnic 
C:lrl',)'l l'Ont-:nt or bit l'illtin~, [t·ka,>!.'d in rJril:ing a well 
in a sl,rbtcrr;lllcan !"Oill1:I!:OI1 ,ol"pris\nL~ Ihe ~:cP$ of: 

rcl1!(,vin,::r ~ail1pk el;' ,:.id bil clIllin!'s ilt a known dcpth 

30 

an,1 localion 1\ i:"in ~:liJ suL,tcrr:lIlean formatioB' 40 
hc':liln£! said s:lIl1pk to a sckctcd pyrolyzing tcmp;ra­

tur~ until p~ l"lytic vapors :Irc given off by s:liu 
salllpk; 

cOl1l!clbing the pyrolytic vapors; 
II1c~'i1rin:~ lh~ till('rc,;~,'ncc t1t~t is exhibi~cd bv the con· 4;; 

,knscd I'~l'(lr.i (11' a uilit of said ~;,nlpk; , 
dc'!t'rmillir,,: th~ ':::l1rOI1 content of said S:llllpk bv cor-

6 
th~ deplh at which sotlrce rn-.:k~ fM liquid h}.Jnl­
r:lrh)!l~ C:,11 be f(lllJlJ in :1 riVl'll :Hca. 

7, Th~ prl):l',S of d:lim (, ilh'lllJ:I1r: the '~tcrs of: 
d,'tL"ril1iniIH' Ihe: C~I bon (Olilenl (,t" ;\ plllr:r!I\Y of '~rn· 

p!t" of hit c\l~tillg, r(,I1101'cd at a 1'11:ra!:l\' of ~nll\ln 
(kl':);~ alld h)':;I!ions \\ ithin ~,tiu ,UbtCIf;1I1l':111 (,)f. 
nl;~ti():H; and 

rrcl'r,lin~~ the C;lrholl contl'llt of sai,1 ~aml'lc~ wilh I.:b. 
licllll0 the deplh :Ind IU,':I!inl1 of ~J:,I s:lInpks ,() liS 1<) 
111:11l llie d::,uil'l!til)1l ot" :':1 of s:,id s.l!llpk', w!tlril\ 
s;ri,\ 'lIL':l'/ r~ncall fUll11ati l ln, 

8. :\ l';l'~C'\ 1\1r Il1ca\l11in;; the CJrl~on cOI:lcnl or a 
rl"!:l!iv,'ly ~!1nll l'~l;til'n of all or,':rll:~ ~,:In~pk, irk1uding 
a fir:;1 Il,,,t tul'c having an o;->t:1l ('tt.! III~d a clo.;cd cn,l. a 
hC';llill,: ,kvi,c h:t\'illg :I !lam.: to hcat ~:ri,1 ",lIlic,tI, a 
~ecoad 1:'1 il:"" hJvinl!:tn orcn ('n,l :111<1:: c:1(l~cd l'lhl. allli 
a 1:~~ht-ilJlc'n;.ity mC;t;;llring dl!vke, said prOC~S5 iih'!\'Jing 
the ~,t,'l" of: 

di'1'0~ill!: s:lid por lion in the dose,} cnd of s:liJ fir\t 
test tlIbe; 

h()!dill~ ~aid firs! lest tllb.;: ~\lb5:;lllti;dly l;uri;'onlall'y 
\\'ilit {h~ c!il~"d end of ~:::J r:r~t !L;t IUl'': [:,il1!' Ji­
rc~tly in \:Olllact with thi! l1a:n1.! of s;lid hc,ltiil,;' t.lc­
vicc; 

hC:lting s~id jJonion to a sekctcd I'J lolyzlnf, tL'illj'.::r:t­
lurc uP-t:! ryroly!i.; vapors ~lrc g:\'cn 0:1" by 5:li..1 foOl''' 
tina; 

con.,','nsi:Jr Ihe I'yrolylic vapors on the walls of s:!id 
first test tube; 

cCt>lil1.~ said port Ion within s:lid fir'.! !cst tube; 
ad.!!n:: a wh'<!l1t to s;.irJ (ooL·.! !,onion 1I1ltii s~id r-ortion 

is a sub,j;lI~\ial1)' tran'I':II"c'nt sO~dtion; 
tr~lmfaril1:! s,:iC\ solUlillll 10 li:c clo,~d end l)i :11..: s..:c­

l)ll.! I(',t lube; 
Jll(':,s\lri!l:~ the fluorescence that is cxhiL'it('d by the Call· 

densed \';1:,ors of a lInit or ~:,;cl pllriion he' rbcin~" 
s:riJ Sl'con:.! tcst tube in ~:lid light-i;l!cn;:ty 11',':!,lll'· 
in!: (!'::ViCl': :wd 

dctl'rnlini:;~! Ih~ carboll conli.::Jt of s;li(\ ~:tl1lpk by cor­
rcl;:tin" the measured ntlorcs~c!l;:(! witlt J11!l)1 CS,X!lt 
V:t111;;~ of lllateri:tls whose organic c;'lk'll cOlltent 
is known. 
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