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PYROLYSIS-FLUORESCENCE AND VITRINITE REFLECTANCE STUDY 
PAN AHERICk'l NAPATUK CREEK I\O. 1 HELL, SECTION 34 T7N R781.J 

S.B.H., BETHEL BASIN, ALASKA 

!y'rolysis-Yluorescence Study 

Ditch nnd core samples from the Pan American Napatuk Creek No. I well 
were examined for source rock potential using the pyrolysis-fluorescence method. 
The results are summarized on the attached source rock log and data sheet; some 
65 samples were analyzed. 

The attached Patent Disclosure by R. L. Heacock, et a1., "Process for 
Measuring the Live Carbon Content of Organic Samples" provides the background 
needed to interpret the basic data. The pyrolysis-fluore~cence technique 
differs from the non-carbonate carbon content in that p-f measures only the 
thermally renctive organic matter. On the data sheet and source rock log is 
the notc:\t.ion "STD = 37 ± 2." A glass rod having a fluorescence of 37 ± 2 units 
is used to standardize the fluorometers; the values shown in the ~atent Disclosure 
and in the current study are calibrated in this manner. 

Vitrinite Reflectance Study 

A total of 21 ditch and core 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 stl...'lUIlarized on the individual sample 
hislor,rams and in the table presented below. On the histograms, each vitrinite 
reflectance reading is shown to the nearest 0.01% reflectance in oil (%Ro) , and 
the values are slimmed up for each 0.1% Ro group, i.e., 0.30 to 0.39,0.40 to 
O.L~9, 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 un
certainty calculated for 95% confidence limits. 

The mean values include a correction for anisotropy; the correction 
factor is C!dded to the sum of the "random" readings to arrive at a mean "maximum'! 
value. The correction factor is very small for mean values be 101," 1.50% Ro, but 
becomes lnrger as mean Ro increases. This means that the mean Ro presented 
below is a higher value than if the arithmetic mean is taken of the reflectances 
shown on the histograms. 

Where the confidence limits are broad, such as in the deepest sample, 
the> results are considered to be less reliable than\vhere the limits are narrm.,t, 
such as in the 2700 to 2820 foot sample. Inasmuch as' these arc mostly ditch 
sumples, there is apt to be a certain amount of cavings present; further inter
pretation \.;Quld be required to discriminate between cavings and in-place material. 
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Depth, ft 

1,420-1,600 

2,020-2,370 

2,700-2,820 

3,450-3,1+60 

3,960-3,980 

4,320-4,430 

5,370-5,470 

5,759-5,762 

6,110-6,150 

6,500-6,570 

7,110-7,230 

7,710-7,800 

8,250-8,360 

8,650-8,720 

9,580-9,660 

10,180-10,420 

11,670-11,750 

12,150-12,250 

13,260-13,280 

13,510-13,700 

14,560-14,650 

Sample Type 

Ditch 

" 
" 
" 
" 
" 
11 

Core 

Ditch 

" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 

Max, Ro% 

0.97 

1. 01 

1.03 

0.90 

2.30 

2.30 

3.0lf 

2.20 

1.63 

1.63 

1.64 

1. 70 

1.95 

2.05 

2.45 

2.34 

2.70 

2.60 

2.53 

2.99 

3.45 

Min. Ro% 

0.62 

0.75 

0.70 

0.54 

1.19 

0.62 

0.58 

1. 57 

0.71 

0.73 

0.72 

0.89 

1.21 

1.12 

1. 50 

1.04 

1.31 

1.64 

1.56 

1.09 

1. 70 

2 

Mean Ro ± 95% Confidence Limits 

0.79 ± 0.02 

0.90 ± 0.02 

0.89±0.02 

0.75 ± 0.02 

1.90±0.07 

1.61 ± 0.12 

1.46 ± 0.13 

2.04 ± 0.05 

1. 37 ± 0.06 

1.43 ± 0.05 

1. 34 ± 0.06 

1. 36 ± 0.06 

1.66 ± 0.05 

1. 71 ± 0.07 

2.16 ± 0.08 

1. 92 ± 0.10 

2.31 ± 0.10 

2.27 ± 0.09 

2.27 ± 0.07 

2.11 ± 0.14 

2.61 ± 0.15 

Some of the methods used to determine ehe burial metamorphic history are 
sum:narizecl in the attached table taken from a forthcoming publication by Hood and 
C.:tstano. These methods are related through the use of the LON (level of organic 
metamorphism) scale reported by Hood, et al., (in press). The techniques for measur
ing the level of organic metamorphism reflect the irreversible effects of tempera
ture and time - hence, of thermal history. Therefore, the reflectance data presented 
above can be re.:!dily tied into LOH on the co.:!l rank scale, vlhich for many years has 
been the standard for chnnges in organic matter during burial. 
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I lI""!.,,,. I v\ .. :,',:::'''''' I" :-1",1\ (lit C(lll1l':'l1Y, ,'en' 5 
'HIe>., :\'.\' .. :, (""I'"c:/ii'"1 (If 1l,'I."':lr<: 

lellt. 111 m:c ~r;llil'a[i(ln of Ihc illl'<:ntion, ;! l'!t:r:tlilr or 
lou,1I ~:lIlll'k~, pr"r~r;,l>I~' t:():npri~il:;: bit c\lttin:~~ l.:!e';\'ct.1 
I'y ,:'illil1~: a plllr.llit)' of \'.'.:/1 hordl\)lc'~, :Jr.: 1lI,',"UI':'! ~o 
;I, To ell;![' (he: Ii,;: carbon conlents of the ~ui.lterr.'Ilt:an 
earth [ollllatiom. 

nlUEF Dl:SCIUPTIO~ OF TliE nn:\wri\G 
I i!t'd :"". 1.1. 1'1:,7, S,'r .. 'n, 6:)J"l(j6 

Illr. ('1. (;0111 !l!:·I, ,i//!:. J312.f 
U.~i. Ct. l.1-2JU 

AnSTI:'\CT OF TilE IJISCLOSUlm 

S Clai"ls 
FIG L' RES J thwllrh 6 arc fL1l'hical prt:~e'nt:ilio[l5 

C011lp:11 illl! tlte results l'btaincti by the pro.;c!>!> o[ \h<: in-
10 ycntion with knOll n tc~ts. 

DESCRIl'T!O~ or: TilE PREFERRED 
EML>ODI~tENT 

A rrt'':l'~S for m::-:I'llcinr: the' Ii,'': CHh11J Cl)ntcnt or an 
or!,:~nk ~:ll1li'l<: oy I",:,ti:l!: Ill: ~.I:::l'k III l'yrolY7.ing tcm-
1'(,1':,I\lre ~o tk,t \':':ll'rs arc I'iwn oil. Th~ vapors :Jr<: co:,- 15 
Ikn·:cLi, Ill:: fluMr'':':I1':<: Ih,:,c(1f h /11,'a",re'" and tlle li\'c 
carbon ('oa!>.:nt (,f tl:1! ~:lmi'l:.: m:,t"ri:d i, tI~t~rJ\1ine,1 by 
c(lIrcl:ltin~ th~ IIh::I,III'Cd I1HI.l; C;,,',IW \\ illt th~ l1tlores~cnce 
from a m:'It.:rial of kr.o\'.11 c:llu,m "'Ilkllt, 

There arc thrce types o( c;!rhon of organic nl:lttcr. 
To[;1i carbon il1;:\l\,ks all of the org;lnk (i,c., 1l0nCaf
bona[e) t;;,rbon i;) a ~al1lr::.:. l.il'e .;;arl'tln is thal rorlioll 
(If [h.:: I,'[al crai>{lll Which, on ryrol,',is :It 500' C. in [he 
Iaboraltll'Y or dmill;! flllme burial to gr..:;\[cr tI.:rth~ and 
temperature). in til::: ~\lb'\lrrac<:. yi~IJ~ :trlm:.;i;,!,lc qil:t~ti. 

BACKGRQt:ND OF TilE }~VENTION 

Field of tile inl'<:ntion . 

1':,j5 il\vention re!:lt\!~ 10 :\ pro~cs~ for JlH.'a~urinr: the 
livl! c:,rl><'11 t'OrH~nl of or:;ank S~1I1P1cs :1I~d, more par
ticui:ll':Y, Ill.: Ii\'(: clrbt'll COII(ellt of l,il c\l\tinf:~ obt3il1cu 
i1\ nril!ili'.! a Wi.'l1 in ~\lbkrrane:ln c:lTth formations so as 
to !Jl:lp tl](: di,!libutio!l of lil'c org:lnic carbon conknt of 
the ~lIbl~rr:lncal\ fornwtions, 

D~5Cripl!()11 of the I'rior :\It 

Various ~\!odlclni.-:ll methods ":I,'c b~cn s\lQt:e~!cd 
I'rc\'ioll~!Y f~r d':le'rmining the lo'::1tic):1 of \lnJ..:rg'rl)\1nd 
1'~lrt'kl:1II re'l'lyl'irs. Til,"": m:tho.!s are illl<::nd.:d to IJ,;
(.:d th: rrC>Ci':CC of p~lroklllll cOIl~litI\CI1t, in surf:;cl! or 
tllltkq![()tI\1l1 fllrm:\ti(ln~ ill ):~\!atcr th:1I1 normal quantity. 
SlIl'h :lnolllaiic~ ,In:' t:lkcn a~ :111 illdi':,lliOIl of [he prox
imilY of a pdrllktll\1 re.;<:t"voir or {,tltt'r COllcclllr:lli,)n of 
p~troktlm-tyl'': hydrO'-::'I'[:",'I\'. It i~ thtl~ j>m,ibk, by de· 
lertin,.; the prc~~:~cc of r,'lro1:;1I1ll c()J1,titu<:n[.; in c;\rlh 
:;:tmpJ.:~ sm:h ;" 'l,i! or rock $'lInp:cs. (0 as;:.:rtai" th.! 
hl~::til'n a11l\ pro:l.ill1ily of r~[ro:~\llH dcro~its by corre
btillg the r.:lati\'c anlounts of 1'<.':1'01.::J111 con,ti:I:..:r:rs 
I'r,"~nt in lh,: earth ':\l11r:c~ will! tilt: b,alion'i fl'(.\lI1 \\ hi~h 
thc <:I~l1rk~ \\'el'':: t:,k~·n. 

It J::l~ b~,'n stln:':,lcJ prc\'iotts\r tlt:,t rI:c I'rescn.:c of 
l'~tl"ll!':11111 1:,1II,tiwcn[' in an cartb ~;tI11I'I~ n1:l)' t'.: dc
I.:.:a'u by cXl!a<:lill:,! orr:,ni.: ,'(llhtitul'nts from the c:lrlh 
s:,mp!.: :and t!tcn ,"':lh1;ltill[: tile l1u(lrc:,c:c.:n':l! of th.: C'.'\

Inlet ,1f ;, "Cl~c:-n(ralio!l thel'e'('t' \lmkr ultraviolet li':ht. 
Th;:~..: m':lllllt\, (kr~lId llpon tit.:: \..':0\\1\ llllore;(;'en,;.:- of 
1.','1 ::,in ('t:ll'llh:lI:n el1mtitlll'lltS. c'p",i.lIly in[crrll~di;ltc 
nroll\:llic~, 0;1': ,lIdl n:':lt,~)d j, ,L's:rihl.'d j'n lI.S. Patent 
No. 2.·151.~:n. I hll\l'\'.:r. $Udl priM 11ft h:chniques arc 
n:btiycly d:thtlrale anJ CClIllI'f.:X, 

SU~I:d:\RY OF TIlE I~VENTION 

20 li.::s of hydl'Oc:lrholls :,lltl other \olatil<: l.r1:.:I:1:c matter. 
D'::1d cal bon is til..: r~'I1\:lillin~~ 1'01 tion of tot:tI carbllll, i.e., 
that \'. hidl, on h..:atill~:, yi..:lc\s cS'icntially no hydrocarbon> 
or atha \'ol:llik ol'~anic matta, 

In calth fornncions, mi:»lurc llf both d(':tu and. live 
25 carbon cOlnmonly OCCllr, It is lIIainl}' thl! IiI c calhan of 

f1n.:-graincd rno.:ks with which WI! :Ire concerned il\ th.e 
in,rallt di,do~urc, sinc.:e it fcprc:,cnts the SI'lll ce of the 
carbon o[ 1'~'tro1::-\lm m(1k~lIk" ArIa cxpo~llrc to bbora
tory tCn1l'cralu,es of auout 500· C. or to st!b>urface"' 

;:;0 t~mp~rattlrc, of :lbuul ~5f1° to 300' C" Ih.:: live C:lfb~)tl 
is dc~tloyctl th.:rl1l:dly, :lnu tbc rcmaining C:lrnon is dl!:lt..l 
carbon. 

The or~~:lnic li,'c caroon conten!s of $tlbkrrall~an carth 
form:\tiLl!l~ arc (kt.:rmincu by ~:lmpling bit CUtli;1g'i fe-

::5 Ic~'l'd bv tlrillin!: at known <i<:nths and locati~~lh witl1in 
(hi! carltl f(Jl'Ill:;!i\'n~. A s:lntp'k of the bit cuttinl:'; is 
preferably heaTed in a small cont:!in::r, slId, as a /;b~s 
Ic,t tuue, ltd. I over the flalll': of a h';:ltinr. ,kvh:c, stich as 
a finll-en llllrn::r, ulltil Ih,~ clo~.cd end of the test tubc 

,lO r":teh:.:~ a s-:k..:l~tI pyroIY7in~: tCII1;'c'r:ltl!,rc :In,\ V;\por~ ~re 
r.ivcn off. This kll1j;.;:ralllrl! is :ll'pr<l:\im:ll<.:lr 500· C, or 
the ('loint \','h'::l1 [lie d(N:!! (,Bd Ilf lhe te,t tub~ tllrns re,l 
(i.e" "r.::d l1:.:at"). S\l~h a h'lIlp'::lalures in~IiC':s [he I'yre!
y,is of ~uh,t:lllti;,1!)' all of the or~:allic mat:<'1' witllin a 

,15 re!:lti\"dy ,!l01 t treatment time_ 
The am(lunt (If bit cutlin~!:; pbceJ in thl! I~st Il!be for 

s~mr!ing i, rl'l::!ivdy ~Ol:tll. as, for eX:1mrl~, 'lonut [I!n 
$11",11 drill cl!ttin,'~ or al'Pfllxilliakly on<:-lL'nth of a tr:lm, 
'J he k" Illb.: i .. ; h"hl r.:n~raIJy h,)l'i?lHll;,lly \\~li!C b<'ing 

:;0 It.?:!t.:d, with [h·,: clo,,,d cnJ (l\\!f 1he 1t'::ltint! rJ,\ i.:c. Tltl! 
l'p,n "nd uf tit..: tubC! r"Il1:.i!\~ c<'t)l :u:,l 111t1,-[ile i'yr.)l},li.: 
\,:ll',ll~ fnll\1 :h,' Cl!lIjn~:-; I~I:" 10 l'ol1lkn;;o 011 tl:1! \\';llls of 
[he IlIh,>, Whe'll Ih·; s:ullpk is ':001, a ~\1l;·.11 llu:,atity d 
$oh'~llt is adJ.:d to obl:,in a !lcarl)' [1';,11'1':11'<:111 ~.,I\ltiol1. 

55 For l':'cll1lpk, Ihree millilil<:fS l,f \:hll.>r,'t!II.·I1~ j,; :!dJ,,',1 t,) 
the ol~<:,tcnlh gram sam!,!:.:, allJ Ih~ solution ol,t:lin..:.1 is 

'Irali~fl'rrc,1 10 a de:ln [c~t lUbe. 

,It is an obje.:t uC Ihis ill\,.:nti.>n t(l r:lr,Jlr :tnil 1.'1.'(1-

nOIl1i.:ally Je't.:rlllir;.: tire live c:llbon content of ,In Nr;lnic co 

The- t..:st lub.: con[:rinin~: jhc ~(\h:tioll is then 1,Ia,x',1 in 
a cOIlI'.:n(innal t1\lorom.:tl'r (f,lf '::»:11111'1.:. a 1'llll1cr :-'1,,11.:1 
110 tltll'l'l'l11cICr, PldCI:lhly 1\1I',!i1i~d I,y [li.: a.hli!i.,!! l,f 
a ~)",..;;. 0:':"111,' nt:lItral,k,hitr r,lt;::r to brin£! tit,' , .. n,itil'it:-~~unpk. 

II h a rllrth..:r (ll>j~<t of Ilti~ ill\'l'lltioll to rapiJly ;II:U 
cl.·wlna:i.:ally 111.11' [it,' d;'lIihlt;1l1l (If Ii".: orpnic c:Hlll'n 
cnl1(·,'n[ratiPII ill ';'l1\l'le\. \\I~h a~ bit cI:tting~ r.:l.:a~<:d in 
til ilfi:l'~ a \\,,.11. rrum ~lIhl"rJ'ancall l'arth forlll:lIio:1s. 05 

'I hI.: illvcnt;,,,, is c:urkd mIt by III:,lIill[: an oeplli.:: 
~:lI\lplc It' a ~dl."II:t! l'Ylolp.in)! [>:1l11"'r:lturc :It \\hi.:h 
vapol ~ afe J:il"'11 orr. TI,\',,: \':'('tlrs ;'fl' ,·olld.:o,c,! anJ [II,' 
Otl(.rl·',',·f1C,' of a \,"i[ ':IIIlI'''' of tit.: \'al'(ll -; i~ Illca,m",!. 
'111'.' lin' l':,,1>!11l ""IlIl'lIt Ilf Ih.: ~;1l1l1'!1.! l\\;I[c'ri:tI j, Iite'n 711 
(kll'r I!li".-.! 1'1' ,·pl'Il.·I;l(ill'! [Jr,' 1II'::I'.\II..:d 1l1I.lrc·,ccn;.'c \\ illl 

• r, ~ '\1'.'," i" n( t 1)11\\'" c;\rhtll, l"OU-

(If (I,,: fll\l'I"'l11cI.:r within the rall~': t}'pk:llly 1I1. ... ,lc-J rt>~ 
0.1 p:IOl S:tllll'!..:S) for mcal"IIJins Ihe li!;ht int<:n\iIY t'[ 

the Whlt;"I1. 
,\, di"u,'cJ ahol'':, thc so!u!it'" must l>e nC:lrt, \tam" 

parent b tll,kr to l.hl:l;!) :111 :1.:':lIf:1l.: rC:ldin,'!. Th",r 
s:tl1lp!t:s gi\'ill): a f1IHlrl"Cl'IlC<: rl.':lllin:~ rrea!<'r l!i.m :,bo" 
~() on [iI" 111\' [ifio.:.1 Tlln:er Ilth)I\1ll1ch:r. ur h:t\'in,: a \'IOW1: 

l!lIlorcd ~\lllltill!l, Ill:,}', I'll fllllh," II,lu(i,)(l \\'ii:l s.,!1 0.:11 , 
gi\e lar!'.:r 1II,'kr r(';"lill~:-; Ilf tllllll'c"CI.'II'C f\:r IIl1il \' 
ori~ill,d ~:1I111'!t: lthi~ L It,'lin.:.! h) be ,1,,-, \<1 li)'''1 :,!, 
wrplitlll hy lit..: 1.:I;lri\'I,'\}' com:..:ntr;ltcJ ~,'l(\[i'_'m " 
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1'),101y·.h 1';",1\1,'" fltll1l ~",·;,"i.;; rkh r,'rb. \\ hik til.: 
~111l1ll:t~'\I'" li;·l,t ah',(\i'l'ti'):llk.:r,·:,'.'.:s wilh dilulion). S!lch 
~.lIllP:\·\. :\1\,' Jt'i'~;d,,~d:y dillll\.'d I: I \\ ilh ~.\):\'l·I~( \1ntil a 
1ll;,\i'I'l'lti 1!"l"'·',·':I~'': 1','1' \lliit (If l1ri::in:II <:11111'1.: is (lb· 
taillc,l. '1 j:,' 1;:1,,1 I,·.;din!· f'lr 111,_' uilttl,:,1 ~;II11i'I<: i, Illulli· [J 

l',j.:,1 II)' lit,: dih:ti"l1 L:,'lor to "\>I:,il1 th.; correckd 
I1U"I"·""lIl"', 

"111c :ll';'roXilll;,IC ;"()O· C. PYl'lllY/ir.g ICI1lI'~ralur.: i~ 
c(llhj,k!'.,l-!), rl<::I,rr tlull 11I1.! ICI11l't'r:'lurc at \\ hidl 0il 
ic; f,'nll,·.! frl'''' ('q~:II\;; 1I1;,ll"r ill ,c'dilll,,'nt, ill Ih.: ~\:h. 10 
$'lf[a,',', 'I It:: l'ik,t~ u; ~1!,:1I a hi)) 1'.:111 1":1';1 IlII',' 011 II'e 
orgalli.: 1\1:,:1-:,. "f :t fil\c'~lain<.',l ~,:diIllclit m;)r h: r",tll
ht,'<! ~~ [,,!loll's: l'ir,I, 1';11'\ of the O!r:lllic m:,Ud i~ 
CO:l\\:rI .. '\,J t...\ a f\O~l\()l;Hik, l':trbuil,h.·it)!!s rc:-i' .. l\:1! (i.e., 
lk;l(1 c;::h':l), St,'OI1,!, ~il1lt:ll:'lIo:omly, the other part of 15 
tlie (l/'!;;\I)j.: I,'attcr i'i cWlI'I,'rll'd !o \'l,l:t£il~ hyd;ol':lrl-or,s 
and r('I;~k,1 COnl),Otll1l\-; "liil.'h :1I c r:ll':Jly (t:slill-:d from 
the rock. The hi~h<.:r,blili:;!! prodlld~ :lrc cOlldcns(J on 
the cool \':a\l; of I!\: te':t 1111'~. Thild. Ihe t\b:ril'l!lion 
of mokcllk~ by sill.! and I~T'~ in th·: \'ol::lik pyrolysis 20 
Jlr()Jt1ct~ Illay llilL:r C(l;~,:J.:r:l~'lr fW!n tll: lol:.! di,. 
tril'lllioll of nlokcliks \\hi.:h \\'llllid be rcka'\~J fro:11 the 
rock IIn.lc1' ]I!llural conditions of illCrC:I,illG dCi'th of 
bmi;,1 within Ih\: earth, 1 [owc\'.:r, althollJ;h Ih: rr,lrortion 
of vl)!alilc f'yro!ysio; l'ro,h:c'ls cxhioilillf: Ol!~Jr~5'-'cnce is 25 
prob:lbly 5111:111, the 11l!orc"l.'cllc,,: <-If the \'olalik PFolys1s 
pro,luds is r.:1akll tll tl!'~ SlIlll of (a) the sm:11I :111101111t 
of hcavy ltyc!ro.:arb'.),,~ ill the rock b:forc pyrolysis :1r.U 
(b) the addition:!! oil \\hkh could b~ gCr.Cf:ltcti in the 
rock uncia 11~!lIr.,l conditioll; of ir.crcas:nf! tenlper:!tur,~. 30 
The fo!\o\\'in!~ di5el1s~ion {If Ih~ figures of the Jrawing 
will brillr. Ulit tliis r.:blion;hip more ck:!l'ly. 

Salllpli.:s used in (k\"e:opillg ;lI~d chccki!lf: the method 
disclissed ~bo\"\! omJ tl:e ini,:rrret:lticns f(tllowing were 
trlkel1 from cen(ra! Wyonting co:.: holes dri!!':.1 in 1963. 35 
Th·~se ~a lIlp1cs :ne :til ("rctac~ous rocks th;~t h:l\'c not 
been t.:xro\~\l to hi~~h h~n~p~r:t:ttrC's and 4!rc iJnrn:lture 
gco-:hc'mi>'::llly, a~ dctcrll1in:c! f:-om (he Fctlolllinancc of 
ollLI-c:lrboJ1·nllOlb~r':ll n('0111)1 p::r:1n:!;s, low n:tr:htllcnc 
rin~ illd,~_~ and low [";!tio {,f cxtract:lbk h'.droc:\r!>ons ~o 
(0 tot;)1 o;'t~tnie C:lrl:011. FlGt:I~E I shows ihc relation. 
ship of C\lraCI,lhk he:a\'y hydro~:1rbon" to tOI;,! orr.anic 
C<lrt>on cOIlI<.'nt~; in tho: \V\'()!1lin~ core hoks, Th;:\c re· 
sulls werc obt:tin·:L1 bY' ;outi;:; source rod: allalvsis, 
The (knd carbon conl~;;h of th;! W)'ol11il1r. core hole . 45 
l;:llllpl::~ :He in ;dl ca"<:s clo,:: to I % wI, lIence the r.:b· 
tion,hip i!l\'ohill~ tU(1'I1 or,~;tnic carbo:'! in FlCiURES 1 
(hrou",h J C:!J1 l'e co{m::rtrJ :tl':'ro:-:im:ttcly \0 a b:!sis of 
li\'e CUl'ClIl ~illlply by (,o;l~,idai!l; li\'.; c:Lrl'o:1 to be ,1 c:o 
wI. k~s t11:ln thl' (Ol:'l! Ol't~ani.:: car!'Oil. 50 

The- corr"\:tlio!l h::tw~~ll IN:!l on.:anic carbon conent 
:lnu fyw!y,I .. -I'IH'res('cnr.: \,:lll1es is ~hown ill FlGURES 
2 :tlHl 3. nGURE :.! ~hows th,' r<.'btion..;hip of pyrolysis· 
flilorc~':cll~e val lies 10 tot!'!! on.:ank C:lr1'on ('ont~nts in 

WYl)millr: coro: h<l\'~. A'i in F1CiIWE 3, the ri!:hl-h.:nJ 
ron ion of 1:I(it:l\E 5 indtHks ,Llt;l for s:IIPI'\cs : II \:I!, , ",I 
1')' 1h.:: tc-.t lllt,!; r~yrpty~:".nU01C'l'C'ncr.; rr ... ).:~·",'i of- thl.!' in .. 
wiI!i,)Il; the l.:ft-h",,, pJrti,u of tb.' l'r.q'h d'-ri~h IflC 
con!clll of c,\tr.I,I.;l.·k 11,';1\,)' hy,!w,-;.rh>r". 'I hl' tyr,', 
llf fl.>~I)l;lt:on,- t,.l\l·r,n! by th.; \\'.:11 [','rd:,)lc ;:r,' inl1i· 
(;1 1,'<1 !,~' tho: l.::t·;I, I:) :h.: \.'\tr,-"Il~e r:,.!,t "I' tit.: rl"i'h of 
J'IC;URE 5 :11'<1 cl)n"~I'0l1d tll tILe klier, .ks;::I~'~,1 ahov.: 
\\;'11 re,~.:t 10 1:I(iUi~E 3. 

I'lGL: RE (i i, a "lr~lIil~r:lphic di,:ribulinn of r},n,lj',j\. 
:11!;,)rt.:··I..·\.·fl~C \"a:l! ... ~~ C\):l'l'.trin~ :-,. ljIlP!..:,,\ frO!!l rh,! t.:tlll

hQ!.- or FIC;L'l~r.s 1 (il;l,;:::h 5 \',i;h elri:1 Clllli;:';; fll'lIl 
:L n'::!rl'}, \\'dl ("I'rro\im:l\·:ly 10 mil--, ;,wav). TI~,' ri·:ht· 
h:1I1-1 fvr<ion ,'f lLc: p:lrh ,-"or!<.'\l"'!hh 10 -Ih..: dr;1l ~\:t" 
tin~~; lite kft·l:anJ p'~rlioll of Il.e C'HC I:o!.: ~:Impl~,. 'I he 
Iyp:s of f,)rm;1li"lh cll .... (l\ll1t~'rClI :" .... Ii, tell to III': c:\tr<':nc 
ri;ht cf FIGUlZr: (, :llld ~illlil:lr k!!':rs ('orrc'r'I)llll to 
Il:o'·e li,tcJ :1bo\';; wilh rc',:x',t to n(julu~ 3. "Ini .. r.r,Ll'h 
~lh),.\'S tli.!! thal' i, a f-l'o,l corrdalioll b~t\\''':::l\ Ih.: CLlr,' 
huh: $:)[l1I'!::s an,) th.: drill cllt\ill~'~ flOm Ihe ne~lrby \',dl 
h)r.:l:o!C'. FIGURE G abo ~h,)\' .. s 111:11 pYf0!r"i~·ntlor,'~-
CetK!! oala for food cuttings C:l!l I,.: \1;<:<.1 inkrclia01!;,';:bly 
'\ iih Ih.: r,ndy anil.',bl:: l!:lt;\ for corc:~ i .. tlte c\';llu.Lliun 
of Ihe h,'dro:nrlH)!l po!cnti:d of :1 ~UUi ... e form;Hion, 

Ia summary, Itlc tc~l tuoc pyrolysis !11101'~SCCnce lllctl1o,1 
of our ia\,-:l1li~n givc:; ~oo,! cc:r.:I::lion, wi:h n:orc 
c1:11'C'lratc cb~ll1: ... ~:.d H1'.:thoJs for (k~':flnininr; con('("ntra· 
lions of live: cr:;:lll!c c:lrl:-on :lllU ext r~,c!;!blc Ilc:\\'y hy,l:-lI' 
carl'ons in a sublcrn::ln fOfll1:1:iol1. It p~o\'idl's 011(. w,ly 
of c01lJu,ting :I s:L!n['li!l~ and mapp:r:! procedure 111.1t 
utilizes wc!ls tll:!l nny h~ drili~d for p:lrpo~cs o:!J\:r than 
n1:·:Pl'ii~~-! pro,,:c(lufc. l~h..:: s:urli'Jin;; f:.nJ nl:lppinf,! rro .... .: .. 
elm.: comr'ri,cs: s;ullplinf! tIll: bit cuttiJl~s from corrd:tl;t. 
bi;! llc'pths i~l a I'ltlr:di,y of \\'dl~; I'YlOlYl.ing s;:I11[':':s 
0f Ihe CUtli01,,~ r:t " common s~l~ct,:(1 tcmreT:llurc; m~;:~· 
tlrir.~ a cO:llnlon ~dC,:l,o:d property of caC'll pyrO!j'1:I!C 
til:!1 i, inJicativ;! of tll~ lin' or~a;li:.: C:lrb0n COll'::nt t1f 

the hit ctltlir.~ tn:Jh:'rial: ~r;d if1dk:~~i:H! th·:: \'ari.1tien v.ith 
Ihe nrea! lO':~!;(l1l ('f Ihe liye ol!',~r:i~ C.1r(:l1;1 cOIH.:nl of 
<.';Ir:!J fOl'm:l!io:,s frolLl wilit:h bit (lltlil:g> \\l're obt:lir.::d. 
1'1-...: p;TO!Yli::r. ar,d rnc:l\liri;:g pro.;,dllrcs e:,n be of :lily 
(1f :I \', j,:c \-:1ri;.':y of rro~cdurl·S. SHe'll :IS d.:ctrie furn;:cc 
pyrolysis, Oame ionit:l:ion del ector ;,n;dY5is. Sr,'clro·, 
m,']ric :!tll'lly<is or Ihe like, lhal pro\'!l!C :hkqtl;\!c f:!pi,:;(y' 
:';.nJ CC01~0Illy with adcC]llJk :1cellracy. 
- The mctlwd of Qilr illwl:!ion ha~ tIle ;llIY:llltt~C=- of 
c:c:cclknt Il'proc!Llcihility of n:~ult,. $i'Cc,l :md sirn;llicity 
of ol'<:r:llion. ~11l;1!! ~i7O: requirel""l:!, :tnc! !(lW analnkal 
co·;!. (J~,.~ ar-r!i"-::Itioll of 0\11' im'cn(;on \\"ould be :t rr~KC\:i 
of c\:Js,ifyi<!:: l'illlrn;lI;111-; ~ha!e \'.'h';11 n;:lny S:lt;ll'!;:-; Illll't 
l"'~ cX:tl1lin,:d :11:(\ l;cr;:cllcd for the: rtl!1)~n:ction of "~ollr,,: 
ro~k" 1l1:!j1'. Tlltt~, our method i~ C'''i'~c;a\ly u<cfu! ill 
i(kr;tifyill!:! and c\"~hl:lting th~ CJt!;Jiily of bOlh oil ~il!l:':s 
:lIlt! ]':1 rok-uIll ~OllrCI.! rod .. s. COlllP:, I'abl~ l11elllO.l, may 
yield ~o:~~,'wh:l( 1111~r,: aC':I1r:ttc r':'\llt,; but r:cn~r:tlh' ll~' 
qnir.: tll1l,h bl£:c'r s:lrnr],:s ;\T1d nlue'h llH1!!~'r :\11:1!~'li.:at 
lilll·:. Fl)r <.'x a III 1'1,:,. the rischcr "\\:1" 1lIL!llio:! rccjllill':s 
(.O·;;r:l/1\ 511mpl;~ an,! in cxc,'ss of 1\\'0 1!1~llrs allaly[i,':ll 
til:lC. The p;wly;io;-Jillor,:\cl!ncc an"h~i~ of O\lr invl'll

Ii<.'!l req1!ires only n,t ~rams of sallln!~ :'I1J lllr.:c 10 f,)\lf 
minuk:; per :Inalysi~. ' 

Altho'.I::h l'ur in\'cn(ion h:l~ been de~::-rib('d wilh rd:t. 
tio:1 to live orran;c (';lrbnn in ~tlhtcrran .... al\ Cllrih f,'rlll.'" 
lions, ~l1h(;lnlially :111)' m:J.l~1 ial ha\'in:: :J. pyro!y,a!>l.: nr. 

the \\'}olllin~ COl" hob ot FIGURE 1. FlGt;IU~ 3 I!' a ~.i 
5(rati.::r:!i'"~:ic Cllmp;lri-on "f th~ tOi~l or,£:,mi': c:!l'l'on con· 
tcnts ar.d 1')Tl1h',i~ illll're,ccn,'e vah~c~ in t\l~ \\')0ming 
co)'c h,,!::s, The rir-h(.h:lnd rortion of the r.r:!p!t in:.:lud.:s 
data fnr ~:Imrks an:dYlcd by the h:~t tllh: I'ywly~:s. 
fll.:orc'cellC'c process of th.: illvl'nlion: th,' left-h.w.! for· liO 
ti01l of the r:rarh iIlClll"(,~ d:Lta allllyzc(! for IOta! or· 
{:lnic cal hill. The In>.:,; of fOI:n:l!io'l~ tr:m:r'cll by the 
wcll bor\'lH'lc arc in,li,:ltcd \>\' th.: ktt<'fs to tho: c:o-trcmc 
right of the t:rarh of FIGlllZ[ 3. These formations arc 
liS foHows: C5 ~;lIlic carh'" co nil';:! C:I!l b.:: anah.,,'J by our lIl.:thn,l 

:IS, for cX:lrnrl::, rc~ills, paints, (,I~. • 
A-Sll,.,le shale 
n-Nit'Llr;tra limy shale 
C-Carlill' shale 
D--FJ'lJllticr form:tti011 
E--~Ill\\'r)' ~h!l!e 
F-l.. TILl'rnh~l'l)li~ sh:tlc 
G-CIll\'l.:I!y fOIIll:t(ioll 

l;IGUHE ·1 ~11(''''s :\ c(lllll'.1ri'\J/\ of pyrnly,j,.llll(l['''· 
c"nce ,,:dll,'s (0 c,'tral'I:I!,h: ILl·.IV)' hytlJ()';lr\.LllI~ ill thc 

In rl"]ll'C! to marpin" the t!is!rilm:i.>Il or sl1btcrr:tlli::ltl 
live 0rl-'anie C:lri'('it (Clllt"llt~, the ,\:tla obtajll(-I fl Ll:1l a 
p!lIrlllil)' of wei]'; in a ~i\'cn IOC:ltion l':!1l t'e Il'Cll II) il\Ji· 

70 C:!ll' 1>,)t1l th.: wrti.:;11 :1I1,! arcal di~tlibul:lln of lin: C<Jrl'o:1 
\\ illtin Ih.: Ilh'::llilln. 

Of COllrM,', ulh,'r 1;I~thoLI~ for IIC':Jtin(: a ~:l!llr!C {\IllY 
l',Cllr 10 one !-J,i:k"l in the :lrl. h'r c'\;allll'l~. l.Lrp'r 
l:lllltaillcr.; alhl (l!t.~r I~ pes of hl.':Jlill:: ,k\'i'l'~ tll,l)' I,c 

,:i II'l·'l. lIlll\C\CT. our IIh·tl!OJ givcs c~,·.:lknl r~'lilh \\it!1 
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5 
n H'1:ilivcly SIl\:llI ':llllpk si,.- in :\ rd'll;v..:I}· ~ll\'rt 1':I1;:tl1 
Cl[ tilllt', " h<.' In! Illh" ,':\11 ",- qllid,l), "II1:,ti<.'ti :Ind c1cal1nl 
for fll/lila JlI<.':/',llfl'll1cllh. ii tlc,il":(!' 

\\'t r!:tint a~ our ill\t'/lti{,n: 
1. i\ pfll~",~ fel;' 111<',"111 ill~: Ihe C;1r!'OIl content of:Jn 5 

ofr:ll1i.: ~,llnl'l.: t'(lillpr:,ill~: tile ~!L'P~ of; 
I1l':llillg s:lkl S,IJllj'!c- k' a ~ck~t,d l'},!,)t),zil1:: t<.'IllI'Cf:l· 

Ilife IIlltil rJ f"')lk \,:1fOf~ :n.: £i\ ,'II o!f by s:tid 
~:\ Ill!,!"': 

eOIHkll,ill~: th..: ['YW!\I;,' vapors; 10 
!1\C;I,lIl ill:: tht: IlUll:,"~'cllu: Ihat is exhibited hy the 

COi1th.~ nsc,j vai":.H~ l'f :1 unit uf s:lil.\ \.\lnpk: anc.l 
d~knnillitl:: tII.! ~.ir> ... ·l\) ('"I.Hllcnt (,r s:t: .. 1 :-.a!npl.: by cor

Idatil1~ the 1l:~;I'\I:,"\ I1t',I)r.:':cn,..: wilh Ihte,rese,'11t 
vallies of m:II<':fi:ti, wbose or,G:ulic c~rb,)n contcnt ]t, 
i~ knowJl. 

2. The pr,X'e,~ of d:,il11 1 indlldin:~, plioI' to hl':ltiJlg 
~ai,! ~:II11I'J~, the ~i~l) of: 

dis:'o\iJ1:~ apPrLl:dm;lk1r onc·lenth of :I :;r:lIn of saill 
~:\mp!~ in the do,'~d J.:nd of :!Il oj1~n l'lllkd (cst tube. ,20 

:I, The r.ro,c~s or ,/;lim :2 \\'h,'rcin 111<: ~t..:p of hcalin:; 
s:dd ~:,nlplc in.:lllJ~~ h()ldill~! ~:lid Irst lub~ ~\lbs:anti:tliy 
htlr;~.,la\:t1ly Oyer th.: 1i,1:I1" of a b,atii1,~ dc\'b~. th.: clo<;cd 
CIl\\ 0: ~:1id t::~t tllb~ cOllbinin:; s:tid s:lillpk being dirl!ctly 
in Clllltact \\'i:1I s:li,! I\:IIIH:, 

~. ') k pro: .. ;; of chillI 3 il1ell1din:;. :Jflcr cOIH,knsing 
the \':'J'll:'~. the st.:p~ of: 

cO\lling s~dd sa~·lli)h.!; 
addin:: a ~t)I\'~nt 10 s:lid ~:In1rk unlil s:lit! s:lmp!c is 

sllb'il:lnti:tll~' tl,\!hr,nCHt; :\llJ 
tr~l1'fcrril1~ s:lid t;oc>kJ ~:II11j1k to :I ~econt! test tubc. 
5, The pro~ess o( c\;tim -t wherein th,-, step of mea,m· 

inz IIt,~ tlllon::sc~l1cC include> the :-'l':p or ph:iOlg Ille ~CC· 
011\! I<.::.t tuue eO:llaillillg lhe cookd sa;nplc in a Ii£ht. 
illll'll"ilr Illc:lsuriIOg (kvi;:c. 

6, "he pIO:'::~,<S (If ,11:!p1";O[: the dbtribul;on of org:ln;c 
C':lrb011 eonklH or l,it l'lIilin~~ [('k:lse\l in tlril1in~ a well 
in :I subterranean fOrJl1:1t:ol1 comprising the s~eps of: 

r":lIwving a ~:t:npk 0:' s;dtl bit clltl:ni~s Ht a known <.Iepth 

30 

35 

Btld IOC:HiOil \\i~hill ~:liJ sublerrallc:ln formation' 40 
healil!Z s:lid sam),)'; to :1 sekctcd p},wlyzinf! lempe'f:!' 

ture IIntil pyrolytic vapors arc given {Iff by Slid 
s:lfllplc; 

COl1dClbiof; the pyre.lytic ' .. a1"or5; 
/I1c~""ring Ih:: liml!'(,c~'nec Ih"'t is exhibitcd by the con· 45 

dcnszll V~i)l'r,i of a unit of s:lid ~:lmpl~; 

G 
tho! drpth at whid\ source r~l.:l~ fM liqtli,l hi,lrn
,;11 hJl\~ CIl\ b..: f(lll nu i1\ ;\ r,\'t'n :"e:1. 

7, Th~ pr,\:e'~ of ..:I:tim G il:~I\t.!::'r: the ~tr.j1'\ of: 
(!l'trnninill;: the c~rblln ,nnl,'nt (l~ :, r\:lrality of ':1In·' 

rk~ of l'it c'\I1till~' rcmm'cd ::1 :1 ['11:r:llit;· ,,[ 1..110\\11 

(!q':h-; an" Ic,,::!tions witl,in ~,l;J ~lIutclf;,ncln for
nl.ttion~; :tOll 

rccl'r,linf~ lite c;lrhon conkllt of ~:!iJ S:lItlp!c, with f.:b. 
li,l(l lu th ... d~p(h and lo.:a:iiln of ~1i,1 ~:II(\rk~ ,0 :,s t.) 
m:ll1 tk ,htril'llliun of all ll1 s:,id ~;\!l1pl.:' wi:hil\ 
sai,l 'lIl':l'fr:111l':ln fl.l:'I1\:tlil1n, 

S, A [':,":,>\ for lll~:l~llfin:; the c:1rbon co:::en( ('If :l 

reb!i",1,' ~!lLl!f 1',)~lion (If all Ol,~:\!l:': ~:lllll'k. il\~lnJin:: 
a ii"l l,'st tut,c havinr: an oj'",n "ld ;ll!d a cl,"cJ en.l, :. 
h(';lljll~: d~\'i.:e h:,\'in,~ :\ ll:lIl1c to h~:lt ~;\i,1 1',111;,>11, :\ 
5C~O;:l\ I<:\t tl:h' h:1\'il1g all Of ell cr.,l :ll".! :t c1o\~,1 en,l. ami 
a lirht-intl'mity mC:1suring ,It:vice, said pro,;css in':I~IJil1[; 

, the ~l.:r' of: 
di'ro,in)~ ~a;d pOllion in the d():;c,! (r.,1 of s:liJ first 

test tube; 
ho!din; ~:1id fir~t test tub.: suhs!anti:ll!y 11l1ri;-oalal1y 

Il'jlll th.: c!(1S~J enJ of 5:1:,1 f:r~t [<:,t tube h(ill,' di
re.:tly in contact with the !lame of sail! hc,\li:J~' <.Ie-
v~; , 

hC:JI:I1!,: s:\id portion to a sckcted p}rolyzinr, ll'fIl;,cr:l
tllfe l.!~!i! pyro!y!i.; v:I['ors :Ire gi';cll olf by s:li-l r,ll'
t!oa; 

con,\.::nsing the pyrolytic vapors (1Jl th:: w:llls of said 
first lest tnbe; 

c,~\,lil\:; s:tid rortion within said fir5t (cst tube; 
:JJ.!il1:; a wh'cnt 10 saiJ mold I'tX,kln ulltil s:ticl portion 

is :\ sll[);(;If:tially tr:ln~I':lr~'l1t solution; 
tr:lmfcrrin:~ s"id solutioll 10 the dosed enu o( the s..:c

l,nd l<.·:.t tube; 
ll1~a~llrln~: the Iluoresecr.ce thal i~ exhibited by the con

d~'l1$c,! vapors of a unit of s:::d portion by rhein!! 
saicl second leit tub(: in saiJ Eght·intcmit)' ll',':l,ur· 
in£: device; aod 

dCl<:rtl1inin,: th'! c<lfbon eo:t!J.!nt of s:tid s:ullplc by C~lr
rcl:1tinr. tlte mC:1,\nr":lt fluor.:s\:cn.:c with j]uorc,;ccnt 
values ()f materials \\'ilos:! or~:\llic c~rb(i11 conteflt 
is kflOWIl. -

2. I 83.9(,:1 
2.451,S83 
3,322,50·1 
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