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PYROLYSIS-FLUORESCENCE AND VITRINITE REFLECTANCE STUDY
PAN AMERICAN NAPATUK CREEK NO, 1 WELL, SECTION 34 T7N R78W
S.B.M., BETHEL BASIN, ALASKA

Pyrolysis-IFluorescence Study

Ditch and core samples from the Pan American Napatuk Creek No. 1 well
were cxamined 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 al., "Process for
Measuring the Live Carbon Content of Organic Samples' provides the background
necded 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 standardize the fluorometers; the values shown in the Patent 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 summarized 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% reflectance in oil (%Ro), and
the values are summed up for each 0.1% 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 un-
certainty calculated for 95% confidence limits. :

The mean values include a correction for anisotropy; the correction
factor is added to the sum of the '"random'" readings to arrive at a mean "maximum'
value, The correction factor is very small for mean values below 1.50% Ro, but
becomes larger 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 where the limits are narrow,
such as in the 2700 to 2820 foot sample. Inasmuch as’ thesc are mostly ditch
samples, there is apt to be a certain amount of cavings present; further inter-
pretation would be required to discriminate between cavings and in-place material,

N

J

cme D4 BEPRF y E

(Ve




Voo o

oy iy _ 2

e’ <
Depth, ft Sample Type Max, Ro% Min, Ro% Mean Ro * 95% Confidence Limits
1,420-1,600 Ditch 0.97 0,62 0.79 £ 0.02
2,020-2,370 " 1.0l 0.75 0.90 & 0.02
2,700-2,820 " 1.03 0.70 0.89 = 0.02
3,450-3,460 oo 0.90 0.54 ~0.75 £ 0.02
3,960-3,980 n 2.30 1.19 1,90 + 0.07
4 ,320-4,430 oo . 2,30 0.62 1.61 + 0.12
5,370-5,470 " 3.04 ©0.58 1.46 £ 0.13
5,759-5,762 Core 2,20 1.57 2,04 + 0.05
6,110-6,150 Ditch - 1.63 0.71 1.37 £ 0.06
6,500-6,570 " 1.63 0.73 1.43 4 0.05
7,110-7,230 " 1.64 0.72 1.34 4+ 0,06
7,710-7,800 " 1.70 0.89 1.36 = 0.06
8,250-8,360 " 1.95 1.21 1.66 + 0.05
8,650-8,720 " 2,05 1.12 1,71 4+ 0.07
9,580-9,660 " 2.45 1.50 2,16 + 0.08
10,180-10,420 oo 2.34 1.04 1.92 = 0.10
11,670-11,750 " 2.70 1.31 . 2.31 + 0.10
12,150-12,250 no 2.60 1.64 2,27 + 0,09
13,260-13,280 " 2,53 1.56 2,27 + 0.07
13,510-13, 700 " 2.99 1.09 2.11 + 0.14
14,560-14,650 " » 3.45 1.70 2.61 = 0.15

Some of the methods used to determine che burial metamorphic history are
sumnarized in the attached table taken from a forthcoming publication by Hood and
Castano. These methods are related through the use of the LOM (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 tine - hence, of thermal history. Therefore, the reflectance data presented
above can be readily tied into LOM on the coal rank scale, which for many years has
been the standard for changes in organic matter during burial, '
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ABSTRACT OF T1E DISCLOSURE

A process for measuring the live carbon content of an
organic sample by heatinge the sample to pyrolyzing tem-
perature so that vupors ace piven oft, The vapors are con-
densed, the fluorescence thereof iy measured and the live
carbon coatent of the sample muterial is datermined by
covrelating the meastred fhiviescene with the fluorescence
from a material of krowa carbon content,

BACKGROUND OF THE INVENTION
Field of the invenlion

Tuis invention relates to a process for measuring the
live curbon content of oreanic swoples and, more par-
ticularly, the live carbon content of bit cuttings obtained
in aritling a well in subterrancan earth formations so as
to map the distribution of live organic carbon content of

the subterrancan formations. :

Deseription of the prior art

Various geochemical methods have been suggested
previousty for determining the location of underground
petralenm reserveirs, These methods are intended to do-
tect the presence of potroleum constituents in surface or
underground formations in greater than normal quantity.

Such anomalies are taken ws an indication of the prox-

fmity of a petroleum reservoir or other congentration aof

petroletme-type h)\‘TO‘s‘ rbons, It is thus pox&xh.g, by de-

tecting the presence of petrolzum constituents in carth
sumples such as <oil or rock sampies, (o ascertain the
locaztion and proximity of putroleum deposits by corre-
Iating the relative amounts of petroleum constituents
present in the earth samples with the locations from which
the samples were taken,

It Bas been suggested previousty thut the presence of
patroleum constiteents in an carth sampls may be de-
tecied by extracting orpanic contituents from the earth
snmple and then evaluating the fluorescence of the ex-
tract or a coneentration theveof under vliraviolet lizht.
‘These methods depend vpon the heown fluorescence of
certuin petroleum constituents, espechilly intermediate
aromatics, Qae such method i3 deseribed i ULS. Patent
No. 24581833, However, such prior art technigues are
relatively eluborate and complex,

SUMMARY OF THE INVENTION

It s an object of this invention to rapidly and eco-
nomically determing the tive catbon content of an organic
sample.

Ity a further object of this invention to rapidly aed
cvonamivally muap the distribution of live organic carbon
cancentration in samples, such as bit cuttings released in
diilliae o well from subterranean carth formations,

The dnvention is carried out by heating an orgunie
samiple to a selected pyrolyzing temperature at which
vapars are piven off, Thoswe vapors are candensed and the
flnoreseenee of o unit sample of the vapors is measured.
The live carbon content of the sonple material s then
de !vrmm.d by uvrul i the measaeed fuarewcence with

- et i af Laown carbon con-
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tent. In one application of the invention, a phualily of
stich samples, preferably comprising bit cuttings teleased
by drilling & plurabity of well boreholos, are measiicd so
as to map the Hve carbon contents of the subterrancan
carth formations.

BRICEF DESCRIPTION OF THE DRAWING

FIGURES | through 6 are graphical pn\gnl\linns
compating the results obtained by the process of the in-
vertion with Known tests.

DESCRIPTION OF THE 'REFERRED
EMBODIMENT

There are threc types of carbon of organic matier.
Total carbon incltdes all of the organic (i.c., noncar-
bonate) carlon ina sample. Live carbon is that portion
of the tetal crabon which, on pyrolysis at S00° C. in the
luboratory or during future burial to greater deptiis and
temperatures in the subsurface, yiclds appreciable quanti-
ties of hydrm arbans and other volatile orgunic mutter.
Dead carbon is the remaining portion of total carkon, ie.,
that v hich, on heating, yields essentinlly no hydrocarbons
or other volatile organic muatter.

In carth formations, mixture of both dead and live
carbon commonly occur. It is muinly the live carbon of
finc-grained rocks with which we are concerned in the
instant disclosure, since it represents the souce of the
carboa of petrotzum meolzcules. After exposure to labora-

tory temiperatuics of about 500° C. or to subsurface™

temparatures of abuut 250° to 300° C., the live carbon
is destioyed thermadly, and the remaining carbon is dead
carbon.

The organic live carbon cantents of subterrancan carth
formations are determined by sampling Lit cuttings re-
sased by drilling ot known denths and locations withia
the carth formations. A sampfe of the bit culiings is
preferably heated in a small contuiner, such as a plass
test tube, held over the flisne of a hzating device, such as
a Bunsen burner, untit the closed end of the test tube
reaches a selected pyrolyzine temperature and vapors are
given off. This temyperawre is approatnately 500° C. or
the point when thz closed end of the test tubg turns red
(i, “red h=ut™). Such a temperatures insures the pyrol-
ysis of substantinlly all of the organic muatter within a
refatively shoit tréntment time.

The anount of bit cuttings placed in the test wbe for
sampling is relatively small, as, for exampls, about ten
smadl dritl cuttines or approximately one-tenth of a gram.
The test tube is held gencrally L\)N/onl.tny while Leing
heated, with the closed end over the heating device, The
open end of the tube remains cool and thus the pyrolyiic
vapors from the cuttings tend to condense on the walls of
the tube. When the sample is cool, a small quaatity of
solvent is added to obtain a m.\rly Wansparent sohlution.
For example, three mitliliters of chlorathene s addad to
the one-tenth pram sample, and the sofution obtained is

-transferred to a clean test tube.

The test tube containing the solution is then placed in
a conventionad fluorometer (for example, a Tuiner Muodol
110 fluorometer, preferably modilicd by the addition of
a99%% opaque neutral density fiter to bring the semitivit
of the fluorometer within the range typically needed for
0.1 gram samples) for measuing the light intensity of
the solutivn.

As discussed above, the solution must be nearly trans
parent in order to obtitin an accurate reading. Thowe
samples piving 2 fluorsscence rending greater than abow
20 on the modified Turner fluomameter, or having a brown
colared solution, may, on fusther dilution with solver
give Larper weter readines of fluoreseenve por unit o
original saniple (this B4 believed to e due to Bt ol
sorption by the elatively concentrated  solations o
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Corganic matler of o fine-grained sediment may be
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p)!(\]\‘lx pionloets fiom oreanic rich rocks, while the
anomeadows Heht abuorp llo Vdeoreaaes with ditution ). Sach

mp.\\, are pepeatediy dituted 1o with solvert until a
m.n\nm'm Hootesenee por unit of arizinal nmpn, is ob-
tained. CThe Gl resding for the diluted sample is multi-
plicd by the diletion factor to obtain the corrected
flunrescence, .

The approximate S00° C. pyrolyzing temperature is
considerably preater than the femperature at which oil
is formed from organic matter in sediments in the sibe
surface, “Hhe effects of sech s high temperature on the
penstu-
Intedd as follows: First, part of the otganic matter is
converted o o no nol'\'i.c, carbonacions residue (i.c.,
dead carbon), Scecond, simttlancously, the other part of
the organic natter is converted 1o volatile hydiocartons
and reloted compounds which ae rapidly distilled from
the rock. ‘The bhigher-boiling products are condensed on
the cool walls of the test tube. Thiwd, the distribution
of molecules by size aml type in the volatile pyrolysis
procducts may  differ C(l.‘.s:.\l.h‘l) from the tolal dis-
tribution of miolecules which would be relensed from the
rock under matural conditions of increasing depith of
burial within the carth, However, although the proportion
of volatile pyrolysis pro.ucts exhiviting fluoveseence is
probably small, the ficorescence of the volatile pyrolysis
products is related to the sum of (a) the small amount
of heavy hydrocarbons in the rock befare pyrolysis and
(b) the additional oil’ which could be gererated in the
rock under natural conditions of increasing temperature.,
The following discussion of the fizures of the drawing
will bring oul this relationship more clearly.

Samples used in daveloping and checking the method
discusscd above and the interpretations following were
taken from central Wyoming core holes dritled in 1963,
Thase samples are afl Cretaceous rocks that have not

cen exposed to hish temperatures and are immature
geochemically, as determinad from the predeminance of
odd-carbon-numbered normal pzraffing, low nachthene
ring ind:x and low ratio of extractable hydrocarbons
to total oirganic carlon. FIGURE 1 shows the relation-
ship of extractable heavy hydrocarbons to totul organic
carbon contents in the Wyoming core holes, These re-
sults were obtained by routine source rock analysis.
The dead carbon contents of the Wyoming core hole
samples are in all cases close 10 196 wt. {lence the rela-
tionship involving total orzanic carbon in FIGURES 1
through 3 can Le converied approximately to n basis of
live carbon simply by coasidering live carton to be 150
wi. less than the total organic carbon.

The correlation between total organic carbon conent
and rvro\\\":s'~I‘n(\rcxccncc values is shown in FIGURES
2 and 3. FIGURL 2 shows the relationship of pyrolysis-
fluorescence values to total oreanic carton contents in
the Wyoming core holes of FIGURE 1L FIGURE 3 isa
stratinraphic comparizon of the toinl organic carkon con-
tents and pyrolvsis fluorescence valves in the Wyoming
core holes, The right-hand portion of the graph includes
data for samples anulyzed by the test tbe pyrolysis-
fluorescence process of the invention: the left-hand por-
tion of the graph includes dita unalyzed for total or-
ganic carbon. The types of formations traversed by the
well borehale are indicated by the Ietters to the extreme
richt of the graph of FIGURE 3. These formations are
as follows:

A—Steele shale
B—Niobrara limy shale
C—Carlile shale
D—-Fronticr formation
E—Muowry shale

F—1.. ‘Thermopolis shale
G—Clovaly formation

FIGURE 4 shows a comparison of mrnlpn-ﬂn(mq-
cence values o extractable heavy hydiocarlons in the
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Wyoming care koles. As in FIGURE 2, the right-hand
portion of FIGURE §includes data for sam ples an: hyied
by the test tube ply rn!)sm Mirorescence process of - the in-
venton: the left-hand portion of the graph depicts the
content of eatractilde heavy hvdrocurbons, The types
of formations-taversed by the well horehole are indi-
catedd by the Lettors o the extreme risht of the pragh of
PIGURLE § and corrg -x’;\)r'd to the kelters descassed above
with res~ect o FIGURE

FIGURE 6 i~ 2 t\.x.mgzr.\pl'.ic distribution of pyroiysis.
Trorescence vadues comparing samples from the core
hole of FIGURES 1 throush 3 with Jritt cuttingg from
i nearby well (approximately 1O miles away). The risht-
hand poriion of the garh cortesponds to the dall cet-
tings; the left-hand pertion of the coie Lole sanples, “the
typos of formations encountered are disted to the extreme
rizht of FIGURE 6 and similar letiers correspond 1o
thowe listed above with resnect to UVIGURE 3. This sraph
shows that there is @ good correlation between the core
hole samples and the drill cuttings from the nearby well
torchote, FIGURE 6 also shows that pyrolysis-fluores-
cence datn for good cuttings can be used interchangeably
with the rarcly availablz data for cores in the evaluation
of the hydrocarbon potentiul of a souice fornmation,

In sumary, the test tube pyrolysis fuorescence method
of our iavention gives good cerrlations with moice
elaborute chemical methods for determining concentra.
tions of live crganic carton and extrnctable heavy hydro-
carbons in a subterrean formation. It provides one way
of conducting a sampling and mappirg proc:.durc that
utilizes wells that may te dritied for purposes odher than
mapping pro;edure. The sampling and mapping proce-
dure comprises: sampling the bxt cutiings from correlatae
bie depths in a plurality of wellsr pyiolyzing somples
of the cutlings at & comon szlected temperature; meoas-
uring a common sefected property of cach pyrolyzate
that is indicative of the live orzanic carbon content of
the bit cutiinz muterialt and indicating ths variatien vith
the 'm:;ll lacation of the live orgaric carkon content of
carth formations from which bit culiings were obtained,
The pyrolyzing and measuiicg prouduru. can be of any
of a wile varicty of procedures, such as clectric fumace
pyrolvsis, flame jonization detector analysix,
metric analysis or the like, that provide adequate rapidity’
and cconomy with adequale accuriacy.

he method of our invention has the advantines of
excellent sepraducihility of results, srced and simplicity
of operaticn, small size requirement, and low analviical
cost, Gne application of ovr invention would be o process
of classitying Uituminous shale when miany samples must
be examined avd screencd for the construction of “source
rozk” maps. Thus, our method is especially useful in
Identifying and evahunating the quality of both oil shales
and petroleum source rocks, Comparable methods -rny
)ng.d somewhat mare accurate resuits but generally e
quire much latger samples and much loneer a rml_ m:\l
timg, For example, the Fischer Assay method requiies
CQ-zram samiples and in excess of two hours analyiical
timie. The pyrolvsis-linoreseence analyvdds of our inven-
tion requires oaly 0.1 grums of sample and three 1o four
minutes per analysis,

Althoush our invention has ben deseribed with rela-
tion to live oreanic carbon jn subterrancan carth forma-
tions, substantially any material having a pyrolyzable or.
ganic carbon content ¢an be analyzed by our method,
as, for cxample, resins, paints, cte.

In respect to mapping the distribution of subtermanean
live organic carbon contents, the data. obtained fiom a
pluratity of wells in o given location can be naed to indi-
cate both the vertival and arcal distribution of live carboa
within the location,

Of course, other nicthods for bcmnr a sample may
occur to one slitled in the art. Vor example, Lireer
containers and other types of heating dovices may be
weede However, our method gives exeellent results with

spectro- -
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a relatively small sample size in o relively short lenath
of time. ‘The test tubes can be quickly emptied and cleaned
for further measurements, iU destied,

We claim as our invenion:

1. A process for measnting the carton content of an
organic sample c(unprixil\g’. the steps of:

heating said sample to o selected '\)-mlyﬁn-v tempera-

ture until r-)ro-) i¢ vapors are given off by suaid
samples
comdensing the pyrolviic vapors;
mesuring the toreseence that s exhibited by the
coitdensed vapors of o unit of said samples and

determining thy carbon content of said sumple by cor-
rehating the mivisuzed fledrestence with fluorescent
values of muterials whose org anic cprbon content
is known.

2. The process of cluim 1 inchuding,
said sample, the sicp of: ‘

disposing .p;vro.\im;uc!y ane-tenth of a gram of said

\'\m["- in the closed end of 21 open ended test tube,

The process of claim 2 wherelin the step of heating

s.n-.l semple inciudes holding said test wbe substantialiy

horizontally over the fiune of a heating Jdevige, the clased

end of said test tube containing said
in contact with sait flame, -

4. The prozess of ¢liim 3 including, after condensing
the vapors, the steps of;

coaling suid sample; -

addinz w osolvent to said sample until said sample is

substantially transpareat; and
trmsfurmg sald cooled sumple 1o a second test tube,
The process of claim 4 wherein the step of measur-
ing the Nuorescence includes the step ol placing the see-
ond test tube containing the cooled sumple in a light-
intensity measuring devicee,
6. Yhe process of mopming the distribution of orzanic
carbon content of Lit cattings released in drilling a well
in a sublerrancan tormation comprising the steps of:
removing a sample of said bit cuttings at a known depth
and location within said subterrancan formation;

heating said saple to o selected pyrolyzing tempera-
ture until pyrolytic vapors are given off by said
sample;
condensing the 'wrol\ tic vapors;
measuring the fivorescence that is exhibited by the con-
densed vapors of nounit of said sample;

determining the cubon content of suid sumple by cor-
relatine the measured fluorescence with {luorescent
values of materials whose organic carbon content is
koown; and

correhting the relationship between the Lnov n depth

and losation of said sample with the determined car-

bon content of sakl sample, thus determining both
the d«.plln at which live organie matter disappears and

prior to heating
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the depth at which source rocks for liquid hydeo-
carbons can be found in a pgiven area,

7. Thz prozess of claim 6 nchuding the steps of:

determining the carbon content of & plarality of sam.-

ples of bit cuttings removed ot a pherality of hrown
depths and Jocations within said subterrencan for-
nartions; atd

reconding the carhon content of said samples with rela-

tiva to the depth and Jocation of suid samples so as to
man the distnbution of all of said swaples within
said subterranean formation.

§. A process for measuring the carban confent of n
refatively emall portion of an orpanic sample, indduding
a firat test tube having an open end and a closed ead, o
heating device having a e to heat sald pastion, a
second tost tube baving an open end and a closed end, and
a light-intensity measuring device, said process including

- the steps of:

disposing suid pottion in the closed end of suid first
test tube; )

holding said first test tube substantially horizontally
with the closed end of sald first test tube being di-
rectly in contact with the flame of suid heating de-
vice;

heating said portion to a sclected
ture until pyrolytic vapors are ¢
tian;

condensing the pyrolytic
first test tube;

couling said portion within said first test tube;

adJling a solvent to suid cooled portion until 5'\\d ror(-on
is a substantiaily transparent solution;

transferring said solution to the closed end of the sece
ond test tube;

measuring the iluorescence that is exhibited by the con-
densed vapors of a unit of szid portion by placing
said sceond test tube in said lLight-intensity mensur-
ing device; and

determining the carbon confent of said samgple by cor-
relating the measerad fluorescence with fluoreseent
valies of materials whose organic carbon centent
is known,

tempera-

pyrolyzing
Ve said par-

noll by s

]
=i

vapors on the walls of said
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