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SHELL OIL COMPANY

P.O. BOX 527
HOUSTON, TEXAS 77001

July 25, 1974

Subject: Gulf of Alaska Samples

Mr. Thomas Marshall

Chief Petroleum Geologist

Alaska Department of Natural Resources
Division of 0il 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 0il and Gas
sample laboratory by Mr. Clif Jordan before his resignation.
The analyses performed were Pyrolysis~Fluorescence and Vitrinite
Reflectance. 1In 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 returh one copy of the enclosed
Transmittal of Data.

Very truly yours,
N A
- - / A

P. T. Lucas Hi
H

PTL: SAH Project Leader

Attachments
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PYROLYSIS-FLUORESCENCE AND VITRINITE REFLECTANCE STUDY
TENNECO MIDDLETON ISLAND NO. 1, SECTION 28 T28S5, R6W, 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
are summarized on the attached source rock log and data sheet. Because of the
very small size of available material, we composited a number of ditch samples
to make up a single "p-f" sample. For this reason, we 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 al., "Process for
Measuring the Live Carbon Content of Organic Samples' provides the background
nceded 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 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 summarized on the individual sample
histograms and in the table presented below. On the histograms, each vitrinite
reflectance reading is shown to the nearest 0.0l percent reflectance in oil
(% Ro), and 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
confidehce limits are broad, such as in the first sample, the results are con-
sidered to be poor; where the limits are narrow, 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
required to discriminate between cavings and in-place material.

Depth, ft Max, Ro% Min, Ro% Mean Ro * 95% Confidence Limits

195-1350 1.75 0.72 1.32 £ 0.15

1635-2025 1.50 0.57 1.02 % 0.16

2100-3250 0.95 0.28 0.53 £ 0.07 ~yzy v oy o v o
3250-4500 0.57 0.21 0.35 £ 0,03 |10 jo, g o 1 b
4500-6000 0.37 0.20 0.29 + 0.02 iV}

6000-7500 0.52 0.23 0.34 £ 0.03 5" 1 sg
7500-9000 0.45 0.34 0.41 + 0.02 MUSAR
8900-10500 0.74 0.21 0.37 £ 0.04 i o v gy
1050011500 0.89 0.20 0.37 £ 0,03 N7 L oL
11500-12000 1.05 0.24 0.49 + 0.10
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Some of th\et?n'ethods 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 through 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--hence, of thermal history. Therefore, the
reflectance data presented above can be readily tied into LOM or the coal rank
scale, which for many years has been the standard for changes in organic matter
during burial.
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Patented Apr. 28, 1970

3,508,877
PROCTSS DO NMEASURING THE LIVE CARBON
CONTENT OF OilGANIC SAMUPLES
Rabert T Yeacoeh, Fittleton, Calo, and Archie Hood,
touston, ey, assicnors to Shelt Git Company, New
Yoerk, NoVL 0 cotporation of Delaware
Fited Nov. 13, (967, Ser. No, 642,466
ot CLGOIn 25724, 31712, 3372+ ’
US, CL 23230 8 Claims

AUSTRACT OF THE DISCLOSURE

A process for mezasuting the live carbon content of an
orpinic sample by heating the sample 1o pyrolyzing tem-
perature so that vapors are given ofl, The vapors are con-
densed, the fluoreseence thereaf iy measured and the live
carbon content of the wimple material 15 determined by
correlating the meastyed fuoreseene with the fiuorescence
from am uluml el krown carbon content,

BACKGROUND OF THE INVENTION
Ficld of the inventlion

Tuis invention relates to a process for measuring the
live carbon content of oraanic samples and, more par-
ticetarly, the Jive exrbon content of bit cuttings oblained
e acilling a well in subterrancan earth formations so as
ta map the distribution of live organic carbon content of

2

tent. In one application of the invention, a phnality of
such samples, preferably comprising bit cuttings released
by drilling a pluratity of well borcholes, are measured so
as 1o map the live carbon contents of the sublerrancan
carth formations.

BRIEEF DESCRIPTION OF THE DRAWING

FIGURES | through 6 are graphical prcxum.\liom
comparing the results obtained by the process of the in-

10 vention with known tests,

15

20

[l
[

the subterrancan formations, 30
Doseription of the prior ait

Various geochemicul methods have been sugpested
previavsly for detcrmining the location of underground
patroleum reserveirs. These methods are intended 1o de- a5
tect the prescrce of petroleum constitaents in surface or
underground formations in ercater than normal quantity,
Such anomaties are taken as an indication of the prox-
imity of & petroleum reservoir or other concentration of
petroleum-type hydro-carbons, 1t iz thus possible, by de- 40
teciing the presence of petroleum condtitaents in carth
saminles such as <oif or rock sampics, 10 ascertain the
locution and proximity of petroicum deposits by corre-
lating the relative amounts of petroleum constituents
present in the carth sampies with the focations fromn which 45
the <amples were tuken.

It has been supgested previousiy that the presence of
potrolemm constitirents inoan earth sample may be de-
tecied by extiacting orpanic comtituents from the earth
sample and then evaluxtineg the fluorencence of the ex- 50
ttet or a concentration thereol under ultraviolet light.
These methods depend upon the krown fluorescense of
cettnin pelrotewn constituents, especially intermediate
aronutics, One such method is desoribed in LS. Patent
No, 24581,883, Towever, such prior art techniques are” 53
relatively elaboride and complex.

SUMMARY OF THE INVENTION

1t ds an object of this imvention to rapidly and cco-
nomically determine the live canbon content of an organic go
sample,

Itis a further object of this invenmtion 1o rapidly and
economivdly map the distiibution of live organic carbon
concentration i sampies, such as bit cuttings released in
diilline o welll from subterranean carth formations, 65

The invention s curied out by heating an organic
sample to a scelected pyrolyzing temperature at which
vapors are piven olf, These vapors are condensed and the
finoreseence of o enit comple of the vapors is measured.

The live carbon content of the sample matetial is then 7q

determined By correlating the mewaned fluorescence with

T Maoreseence from a matarial of hnown carbon con-

DIESCRIPTION OTF THE ]’REFERRED
EMBODIMENT

There are three types of carbon of organic matter.
Total carbon includes all of the organic (i.c., noncar-
bonate) carbon in a sample. Live carbon is that portion
of the towd erabon which, on pyrolysis at 500° C. in the
faboratory or during future burial 1o greater depths and
temperatures in the subsurface, yiclds appreciable gquanti-
tics of h)dmc:un(ms and cther volatile organic matter,
Dead carbon is the remaining portion of totad earbon, ie.,
that which, un heating, yickis essentially no hydrocarbons
or other volatile organic mutler.

In earth formations, mixture of both dead and live
carbon commonly occur. Tt is mainly the live catbon of
finc-erained rocks with which we are concerned in the
instunt disclosure, since it represents the sowce of the
carboa of petroleum molzcules. After exposure Lo Inbora=
tory temperatures of about 5G0° C. or to subsurface
tempeoratures of about 259° o 300° C., the live carbon
is destioyed thermally, and the remaining carbon is dead
carbon.

The organic live cathen contents of subterranean carth
formations are determined by sampling bit cuitings re-
fcased Ly drilting at known depths und locations within
the earth formations. A sample of the bit cuttings is
preferably heated in a small container, such as a glass
est tube, held over the flame of o haating fdevice, such as
a Bun<en burper, untit the closed end of the test tube
reaches i selected pyrolyzing temperature and vapors are
eiven ofl. This temperature is approximalely 300° C. or
the point when the closed end of the test tube turns red
(i.e., Ured heat™y. Such a t-m“cmmrcs insures the pyrol-
)cls of substuntiadly afl of the organic matier within a

relatively short trc..:mcm tnm«,.

‘The amount of bit cuttinus placed in the test tube for
sampling is relatively smail, as, for example, about ten
spad} deil enttines or approximately onc-tenth of a gran.
The test tube is held rencrally horizontally while being
heated, with the closed end over the heuting device. The
open end of the tube remuins cool and thus the pyrolytic
vapors from the cuttings tand to condense on the walls of
the tube. When the sample is cool, a small quantity of
solvent is added to oblug a nearly transparent solution,
For example, three milliliters of chlorothene i added ta
the one-tenth pram sample, and the solution obtuined is
tramferred to a clean et tube.

The test tube containing the solution is then placed in
aconventional Moorometer (for example, @ Tuiner Moded
110 fluorometer, preferably modiiied by the addition of
a 997 orague neatral density filler to bring the sensitivity
of the fluorameter within the range typically needed fnr
0.1 gram samples) for measwing the light intensity of
the sotution,

As discussed above, the solution must be nearly trans-
parent in order to obtain an acourate reading. Thoe
samples piviog a fluorescence reading preater than about
20 on the waodified Turner fluatometer; or having a biown-
coloted solution, may, on further didution wiily sobvent,
pive larper meter readines of Moresweenee per unit of
original wample (this 35 belicved 10 be due o Tipht abs

sorption by the relatively concentisted solutions of
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pyrofysis products from oreanic rich rocks, while the
anonndans Hoht ;l‘nu"rlio:) decreases with dilution). Such
snnp'\*\. are pepentadly diluted 1rlowith solvent until a
mianvietem drorescenve por unit of aritinal <'\111)qu is ob-
tained. The faal recding for the diluted sample is multi-
tion {oviur 1o obtain the corrected

plicd by the &
fluoreseence

The aprroxinnge S60° C. pyrolyzing femperature is
comniderally preater than the temperature at which oil
is formed from orgonic matier in sediments in the sub-
surface, The etlects of suech a high temperature on the
organic nunter uf o fine-grainad sedinment may be postu-
Iated as fotlows: Fist, oart of the otpanic matter is
converted to a nomvelatile, carbonacious residue (ie.,
dead carbon). Sccond. sintltancously, the other part of
the organic matter s converted o volatile hyidroenrtons
and relatad compounds which are rapidly distilled from
the rock. The higher-tailing products are comdensad on
the cool walls of the test tule. Third, the distribution
of molecules by size amd tyne in the volatile pyrolysis
products may  ditfer comilerably from the tolal dis-
tribution of minlecules which woukl be released from the
rock under nawiral conditions of increasing depth of
burial within the earth, However, although th: proportion
le pyrolysis products exhiviting floovescence s
probably simall, the finoresvence of the volatile pyrolysis
products s refated to the sum of (a) the small amount
of heavy nvdrecurbons fa the rock befare pyrolysis and
(b)Y the additioral oil which could be generated in the
rock vnd r paturad conditions of increasing temperaturs.
The following dizcussion of the figures of the Jdrawing
will brinz out this relztionhip more clearly.

Sumples uveed in Jw_.o‘n\" and checking the method
diseussed above and the iotarpretations following were
taken from central Wyoming core heles drilfed in 1963,
These smnplas e all Cretaceous rocks that have not
beent exyponad 1o Lish fempeoratures and are immature
geochmicilly, s determinsd from the predominance of
odid-caron-numiberad nenmal paraflins, low narhihene
ring indry and low ratie of extractables hydrocarbons
to toial orsunic curton. FIGURE 1 shows the relation-
ship of eatraciabie heavy hydrocarbons to tolal orgunic
carbon contents in the Wyoming core holes. These re-
sults  were 0‘.71.1::1'41 by routine source rock analysis.
The dead carbon contents of the Wyoming core hole
samples are in all cases close 10 196 wt. [Jence the rela-
tionship invelving total orranic carbon in FIGURES 1
through 3 can te converied approximately to a basis of
live curboa simply by conxidering live cailon to e 195
wt. loss than the toal organic carton

The conrelation between total organic carbon conent
and pyrolvsis-finorescence values is shown in FIGURES
2 and 3. FIGURLE 2 shows the rgl\uon\.np of p.lolysls-
fluorcezence values to total ormanic carbon contents in
the Wiotaing core boles of FIGURE 1 FIGURE 3 is a
stratigraphiv comparison of the toial organic carlon con-
tents and pyrolvsis fluorescence values in the Wyoming
core ha.\_‘ The richt-hand portion of the greph includes
data for samples analyzed by the test tube pyrely
fluorescence procss of the invention: the left-hand por-
tion of the graph includes data analyzed for total or-
ganic carban, The types of formations traversed hy the
well borchole are ind u.\!td by the letters to the eatreme
right of the graph of FIGURE 3. These formations are

as follows:

A—Steele shale
B—Niobrara limy shale
C—Cuarlile shale
D—-frontier formation
E—-Mowry shule
1., Fhernropolis shale
G—Cloverly formation
FIGURE 4 shows a comparison of pyrolysic-hiotes-
conce valies o extractable heavy hydiocurbons in the
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Wyoming core holes. As in FIGURE 3, the right-hand
portion of FIGURE § includes data for sunples :m-dy.cd
by the test tibe p?\lnl\\"i Nuorescence process of. the in-
vention: the left-hand portion of the rraph depicts the
contecnt of extratalde heavy hadrocarbons, The types
of formations traversed by the well borchole are indi-
cuted by lhu fetters 1o the extreme right of the graph of
PIGURLE S and correspond to (he Tetters descinssed above
with resnecet to PIGURE 3.

FIGURE 6 i~ a struigraphic distribution of pyrolysis-
Juorescence values comparing savoples from the core
hole of FIGURES 1 throtizh 5 with drill cuttings from
a nearby well (approximately 10 miles away). The right-
hand porion of the grarh cortesponds 1o the drdt cot-
tings; the left-hand poriion of the core Lole samples, “The
types of formations cncountered are fivted to the extreme
rizht of FIGURLE 6 and similir letiers correspond to
those listed above with resmect to FIGURE 3. This praph
shows that there is a good correlation between the core
hole samples and the drill cotings from the neachy well
tarchole. FIGURYE 6 also shows that p\'x'oly\is fluores-
cence data for good cuttings ¢an b used interchangeably.
with the rarely available dati for cores in the evaludtion
of the hydrocurbon potentizl of a souice formation.

Tnosummiary, the test tube pyrolysis fuorescence method
of our iavention gives good cerrelations with moie
cliborate chemica! methods for deiermining concentra-
tions of live crganic carbon and extraetable heavy hydio-
carbons in a subterreun tormation, It provides ore way
of conducting a sumpling and map;iny procedure that
utilizes wells that may be drilicd for purposes other than
mapping procedure, The sampling and mapping proce.
dure mmz\rms sampling the bit cuttings from correlata-
bie depths in o plurality of wellsl pyrolyzing smnples
of the cuttings wt & common selected temperature; menss
uring a common sclected property ¢f each pyrolyzute
that is indicative of the live oreanic curbon contant of
the bit cutling materiat and indicating the variation vith
the arcal location of the live organic carbon. content of
carth formations from which bit cuttings were obtrined,
The pyrolyzing and recasuricg procedures can be of any
of a wide varicty of procadiures, such as clectric fumace
pyrolysis, flame donization detector analysis, speciro-
metric analysis or the like, thal provide adequate rapidity’
and cconomy with adequate accuracy.

The method of our invention has the advantanes of
excellent reproducibility of results, speed and simnlicity
of opcration, small size !‘C(]l‘ll"‘l‘lu‘ ,and low analyidcal
cost, One application of our invention would be a process
of chissifying titominous shale when muny samploes must
b examined and screened for the construction of “source
rock™ maps. Thus, our method is especially useful in
wdentifying and evaluating the quality of both oil shakes
and petrofeum omce rocks. Compareble methods muy

ield somewhat more accurate resuits but generally pe-

auire much larger samples and much Jonger an .\l’hcnl
time, For example, the Fischer Assay method requiies
GO-pram samiples and in excess of two hours analviieal
tiie. The pyrolysis-iinorescence analyvids of our inven-
tion requires only UL grams of sample and three to four
minutes per anadysis,

Althoush our invention has been described with rela-
tion to live oreanic carbon in subterranean ecarth fore.
tions, substantially any material having a pyrolyzable or.
ganic carbon content can be analyzed by our method,
as, for example, resins, paints, ete.

In respeet to mapping the distribution of subterrancan
live organic carbon contents, the data obtained from a
plurality of wells in a given loeation ¢an be wed to indi-
cite both the vertical anid areal distribution of live carlon
within the location,

Of course, other methads for heating a ‘sample may
occur to onc shilled in the art. Vor example, laroer
containers and other types of heating devices may be
veeds However, our method gives excellent resulis with
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a relatively small cimple size in a relatively short length
of time, The test tubes van e grickly emiptied and cleancd
for further measurements, i desired.

We chaim as our invention:

1. A process for measuring the earlon content of an
organic sample comprising the steps of:

heating said sample o a sclested pyrolyzing tempera-

ture until pyrolytic vapors are given off by said
sample:

coadeining the pyralytic vapors;

memstring the tluoresceme that s exhibited by the

coirdensed vapors of o oenit of said sample: and
determinina the carbon content of said sumple by cor-
rehing the mewsweed eoresgence with fleorescent
values of materiuls whose orpunic carbon content
is known, .
The process of cluim 1 oincluding, prior to heating
satd sample, the siep of:

disposing appronimately one-tenth of a gram of said

smu\‘ ¢ in the closved emd of an open ended test tube,

‘L he process of claim 2 wheteln the step ol heating
'l semple includes holding said test wbe substantialiy
ho ally over the thure of a heating device, the closed
end of sndid st b contuining said sminple being directly
in contact with spid flame, -~

A4 The process of a3 including, after condensing
the vapas s, the sieps of -

coaling said sample;

adding acolvent o said sample until said sample is

saistantially trassparent; and
tranferring said cooled sample 1o @ sceond test tube,
S the process of chaim 4 wherzin the step of measur-
ine the tuorescence includes the step of placing the sec-
ond st tube conuining the cooled swnple in a light-
inteasity measuring device,
6. ) he prooess of mapamg the distribulion of organic
carban content of hit cattings released in drilling a well
in a sublerrancan tormution comprising the steps of:
removing asainple of suid bit cutlings at a known depth
and Jocation within said sublerrancan formation;

heating said sample to a selected pyrolyzing tempera-
ture until pyrolytic vapors are given off by said
sample;
condensing the pyrolvtic vapors:
measiring the tfuoreseence that is exhibited by the con-
densed vapors of aunit of said sumple;

drtermining the cmbon content of said mmp“ by cor-
yelating the measurnud fiuoieseence with fluorescent
values of muaterials whose organic carbon content is
knewns and

correlating the relationship between the known depth

and losition of sald sample with the determined car-
bon content of said sample, thus determining both
the depth at which live organic matter disappears and
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the depth at which source rocks for liquid hydro-
carbons can be found in o given area,
7, The process of c¢laim 6 mcinding the -steps of:
determining the carbon content of o pluratity of sam.
ples af bit cuttings removed at a plerality of known
depths and Jocations within said subterrancan for
mations; and .

recanding the carbon cantent of said samples with 1ela-
ot to the depth and location of said samples ~o as 1o
man the distiibution of all -of suid samples within
said subicrranean formation,

8. A process for measuring the cachon content of g
refatively snll portion of an organic sample, including
a first test tube having an open end and a closed end, a
heatinyg deviee having 2 fione to heat said potion, a
secoad st iube havioe an open end and 2 closed end, and
a light-intensity measuring device, said process including
the steps of:

disposing said pertion in the clused

test tube;

holding satd first test tube substantiatly horivontally

with the closed end of said first test tube being di-
u:zly b contact with the Bame ol suid heating de-
viee; :

heating said portion to a sclected pyiolyzing tempera-

tare untit pyrolytic vapors are given off by sald por-
tion;

conlonsing the pyrolviic vapors on the walls of said

first test abe;

ccoling said portion within said firct test tube;

adlinga wl\u!l to said cooled portion until said rorl-on

is o subsiantially transparent solution;
transferring said solution 10 tiwe closed end of the sec-
ond test tube;

measuving the lMuorescence that js exhibited by the con-

densed vapors of a unit of said portion by placing
said second test tube in said Beht-intensity measur-
ing device: and

determining tha carbon confent of said sample by cor-
relating the measured fluorescence with fluotescent
values of materials whose organic corbon content
is known,

e of said first
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