‘
o .
cct R A~ Ddiles ‘ ¢!
x v s W -
AmWMJ«S. nha : B gy,
SO e . b TR I . 3 C / L L A TAd
. . D. %heans (o) I, 1. Rickazis .t
J. &, Teld
@ g A
PR
f’?f‘ e T D. C. toat T2
Podi b B J. 4, Irdas
RURP RSN .« G, I¥Cacn
F"‘\;-”“ "‘\4-\- - 3
~ R x 07 -
Mot e d 22 2 riens ) om i weea Feholinh o o
. i

Deccxbor 26, 1969

Lr=239=307

VA

Ir, T, J, Jobin, Hanaser /K"[/’fx//éco/' 6}"04&'"/"'/

Philliss Fetroleus

&

Csla, lorwny

.J

n
Caupany Nomiay f fr A &

Attention: H, H, Neixdls, Chief Geolozlst . %”“/

In accora vith 'x, H, H Peililats request to I, D, ¥, Williao. dated

Yovember, 3, e now have chi 3,.n rost of the reownemc:ﬂ. Gita for the sarples sub-
mitted froa tells 2/4.,-.1..{ and 2/!,--.4& in thre ..or'..vw_,:x Scctor of the Uorth Sea.
Data still cutstzonding will be provided later. Ve do not exgwact, howewver, that

-

these data will alter owr presenh cuservations and conclusicns., The inventory of

s
sasples

1,

2,

received and used In the stuldy are cuabeined in Attacimen: 1,
Cur ocbsorvations and conclasions are suwrmarizaed as Jollows

Core 1 from the depth interval 5461 to 5513 fee

in U1l 2/4-1\K consists
of orzonic=riech fossilifurcus marine shxle,

el
ihe carbson iscolonic conmposition,
act

boren ceoncentraticn, sise and fromenteld cm cter of the for .,.._’L:, ani
derth of ccorse~] ’I“““Qi clasbtice indicate s.?_t*on wvell offchore in
hypcrsﬁ.:.rc vaters with roderately hich C‘NZ’J it , such as the £l s

of on e.ercent or *eaﬂ crer-ent axit structar t:-a crest of walch vis
stripred cf previously u;:o:i*'ei soale and .,:zcszge the site of caruznale
derositicn., 7The oroanic froeiieon c; L-e ghale cooprising tals cere
irticabes oscillaticas 1n rates of depeaiticon end ccol""'f suoncoting
depositicn over a considarable intervil of tire 2, Corz 1 reprssenis a
formatieon in yhich vebrolow: is in an exxly stage of 'e"xc..\:,.s. These
ghales in the arcs of T.ell 2/54~1'X cculd have producel sunll amount
of g2s and a licuid ¢id vwith a relstively £:311 alkare (norool=rad bronched-
paral{in hydrocirbons) fraction, a higa rrogorticn of nonathenic and
arcua*ic A.J..rﬂ*”w ng, and an L“’.A.“"'"’.C""“u, meunt of a'-':.“..l’:,;c residie,
The oil -encrobins votential of this rock is grest, and in e-har locations
in the basin there u:*zzl hos besn *’*ﬂ.&r or vaere urldli cceurrcd

-

sufficientld;y late thcobt curta toijeratires were “ebt vcly hizh fep a

tw

larze pronortion of the pogie~derozitional history, the porticn eof the

Hid dle doccre rw‘c:.cntei by these samrles cculd te exgected to be 2
prolific sourcs of paircleun,

‘CY"

Core 2 frea the desth interv-l_ 12010 to 10017 feet in tell 2/5-11Y consizis

of fine= pained —remaldsr roarine lirestena, The s,i:e and deres of rrescrviiion
of the feesils, pressnec of fing clos ic ...n lor concenirations, and ths

cenite lz“:llc.-- igeartion gecurrad

+
~

1
v

e

presence of-'cuthiscric ryrite and ;i de

in r-m,e ther gufficienily uClC'.' vave Sice o5 to {(n) Do unaffocied Ly
tractive curreniy, (b) rrevent cominuiicn of feosile er destrusticon ef
WO bz.rrn s, u..i (e) :tI*F,’.:CI'Vr. roducing coniliticns in the bobton wualers,

The site of deposciiicn, however, wos close encuch to shore to have a
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significant component of silt-sized clastics and fossil debris transrorted
to the site by uniform suspension currents in the overlying surface waters.

Petroleum constitutes the e¢ntire organic content of Core 2. The oil is not
indigerous, hence the formation in this depth interval must be considered
a reservoir rather than a source rock.

The 0il contained in Core 2 is geochemically identical to the oil produced
from the depth interval 10363 to 10464'.

The gas fraction of the oil from ths 10363 to 10464 foot 1nterval correlates
chemically and isotopically with the gases obtained from Well 7/11-1X
(9440 to 10197 feet) and 7/11-2X (9932 to 10160 feet) on the Cod Structure.

The 0il from T.D. in Well 2/4-1X was generated in a source rock comparabie
or identice? to that encountered in Core 1 Pfrom the 5461 to 5513 'depth
interval in Well 2/4-14X. This oil is geochemically younger than tue oil

contained in Core 2 and obtalped by production test of the 10363 to 10461,
foot depth interval in the -1AX well. :

The compositions of the gas and liguid phases and the computed formation

fluid of the production test at the depth interval 10363 to 10L6L feet

in Well 2/4-14X are contained in Table VI.The composition of the liquid

phase equilibrated to atmosphéric pressure, i. e. corresponding approximately
to stock tank liquid, is contained in Column 2 of Table V . The distribution
of hydrocarbon constitusnis in the gas phase is normal. The non-hydrocarbon
constitusnts of the gas, namely carbon dioxide, nitrogen, and hydrogen sul¥ide,
are low. The oil is high.y saturated, i. e., high in naraffins and napnthzsnes,
and contains very little asthalt. Concentrations of combinsd nitrogen, salfur,
nickel, and vanzdium are ow. The crude, therefore, constitutes a hixi: gquality /
refinery feed stock.

The 0il obtained at T.D. in Well 2/L~1X, and to be expscted in reservoirs
deriving their oil from the formation corresponding to Core 1 in Well -1aX,

are of lower gravity than the oil found at the 10363 t> 10464 foot depth
interval in W11 ~14X., Tais oil is highly aromatic =2ni contains a considerable
amount of asrhalt. Combined nitrogen and sulfur concentrations are intermediate;
thz nickel concentration is guite high. This crude, therefors, is of lower

quality thar that produced from the deepcr interval.

Identification of the source rock for the oil contained in Core 2 and

produced from the 10363 to 10464 foot depth interval in Well -14X was

not possible from the samples provided., It is recommended that consideration
be given te an effort to identify its source rock, and determine its volume,
areal distribution and productivity in terms of oil generated and migrated,

as an indicator of the pstroleum~producing potential c¢f this part of the basin.

The data upon which the above conclusions are based are containzsd in Attachments
2 and 3, Tables I - VIT, and Figures 1 - 4. Basic concepts and interpretations usad
to arrive at conclusions stated zbove are discussed in the remainder of this letter.
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Detailed mineralogical data forj&;;g=l.1n Well 2/&—1AK are given in Tables 1

and II and the lithologic descriptions of the samples are given in Attachment 2.

This core consists of soft gray clay shale with moderatzly varying fossiliferous

and calcareous content. A number of factors dictate a marine environment of depositicn,
nanely (L) fauna, (2) hizh concsntraticn of the'tracs element btoron as shown in the
last column of Table I, (3) carobon isotopic ccmrosition and abundance of calciun
carbonate (calcite) shown in the upper half of Table II, and (4) the carbon isotoric
composition of the organic fraction shown in Table III, Brlelly, carbon isctope

values less than -30.0 are tzken as indicating a frash water origin for the organic
mattor, -30.0 to -29.0, brackish; and more than -29.0, marine. Except where there

is major transport or ors,nlc mattvr, such as by tur“ldlt' currcnts, the environment

as derived for the organic fraction is synonymous with the enviromment of deposition.

As a quantitative indicator of selinity, both the concentration of boron and of the
clay mineral illite must be taken into consideration. A boron concentration
corresponding to three times the normaliz=d per cent illite in the clay fraction is
considered tl.e Toundary between brackish and m2r.nd envirommen“s. In Core 1, the

boron concentrations correspond to eight to twenty timss the normalized 1lllte ‘concen-
trations. These high values are belloved to_indicate that the water body in which the
shales accunulated was as hypersaline. The occurrence of echinoid spines in random
orientation with scme psrpendicular to the bedding plan@ in at lecast one sample indicates
that devosition occurred rapidly. The dearth of coarse-grained clastics would seem to
indicate that these shales were deposited in quiet water. Hewaver, the presences of
breken shell fragments and of spines 8 mm in lsngth which were transported to thes site
of depositicn after dismembermenc of the skeleton of the organism would indicate that
the energy level in the environment was moderately hich and thzt the {ine-zrain size of
the inorganic detritus might, mean that no coarse-graired material was available. The
ﬂmosg_ggooably environmsnt consistant with hyperselinity, fine grain size, and marine

fossils would be in the leé of an areally extensive, but not necessarily emergzent,

offshore bar censideiabtlyr removed from a source of contlnontalJy derivsd clastics.
Such an environmsnt would be ccnsistent with the clay minerzlogy listed in Table 1
and with the carbon isotoric comrosition which indicates- that practically _no terres*ial

organic matter is present. This =nvircnment also would be consistent with the occurrence
of a dolomite facies at this horizon in the 2/4-1X Vell only a kilometer away, and with
the uniformity suggested by seismic data from this horizon.

A probable modsl that would satisfy all vhese data ard interpretations is a
larze salt structure well offshors the crest of which had been uplifted to near sea
Tevel by Middie Miocene, The shales previously deposited in this originally quiet
water environment weould have besen removed from the .rest and redeposited on the flank.
At the surf zone broken shells and echinoid spines would have been mixed into the shale.
Cerbonates derosited on the crest of the structure would have been dolomitized in the
shallow hyrersaline water and tongues of undolomitizied cartonate would interfingsr with
the shales.in deeper water as is shown by the logs of cartcnate content and fossil
con“ent in Figure 1. As shown by the gcod correlation betiween these logs the calcareous
fossils are partially resrensible for the reak carbonate concentrations despite the fact
tha!, calcite crystals also are present. The crestal carbonates would have had adequate
por051ty to have held the quantity of o0il produced during the early staves of petroleum
genesis in the shales on the flanks of the salt structure.
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Mineralogic data for Corse 2 are given in Tables I and II and the lithologic
descriptions in Attachment 3. In general this core consists of fine grained
granular marine limestone. The high concantration of quartz ard calcite and the
absence of illite in the clay size fraction as shown in Teble I prevent an estimation
of salinity based on boron concentration. Because the oil contzined in the core is
not indigenous the carbon isctopic valuesshown in Table IV apply not to the core but to the
rock which was the source of the coil.

The well preserved character of the fossils contained in the core indicate deposition

in fairly quiet water; however, the relative abundance of silt--size gquartz and the size
of some of the spines up to 2 mm in lsngth suggsst that the surface waters cver-lying
this site of deposition were_affected by currents of mcderate compefence. The log of
the carbonate concentration it he core shown in Figure 2 indicate that the non-carbonate
constituents vary as would be expected if supplied by currents of small and varying
competence. These ata suggest an environment of moederate dep:h and no great distance
from_shore. The presence of authigenic pyrite and glauconite in the core i.dicates
that the bottom waters wers reducing and hence sufficiently desp to be relatively
unaffected by the surface turbulence which introduced the transported material. The
well site thus was considerably scaward of wave base so that no tractive current

depositicn occurred and sufficiensly far from this turbulent zone that carbonate
deposition far exceedad deposition from uniform suspensions in the surface waters.
Absclute distance from shore or depth of water cannot be assigned without information
on the seaward dip of the sedimen-water interface, whether or not there is a sharp
brezk in this slope, or whether the energy level in the water “etween the well site

and the shoreline.

Data pertinent to source rock evaluation of Core 1 in 2/4-1AX is contained in
Table III, ;he procedure used for mcognition of source rocks has been discussed
previously(l . The organic conteat for all 18 samples from this cors fall wilizn
the range 0.5 to 6.0 considered optimum for a source rock. The ratio of soluble
organic matter to total orcanic matter is very low, indicating that residual oil is
indigenous to the rock. The high recovery from the silica gel abscrbant indicates
that, normal petroleum genesis is underway. The odd-zsven predoninance or OEP values
are higher than would be expscted for a mature source rock, i. e., a rock in which
maximum petroleum ger:sis has occurred and from which the petroleum has subseq.zantly
migrated. Those sectione of the core with OEP values less than 2 may have generated
and yielded small amounts of gas and crude oil. From the relative concentrations of
satirated hydrocarbonz, aromatics and asphaltics ~ontained in the extract any crude
accumulated from the rock would te expscted to be of relatively low gravity, highly
aromatic and with a reasonably high asphalt content.

Data concerning the organic fraction of Cere 2 in Well Z/A—IAX is ziven in
Table IV. Only a few per cent of the crganic matter depositec in a source rock and
which survives geologic time is converted to petroleum. The remainder is converted to
a dark brown to black amerphous insoluble Substance known as lierobitumen. The fact
that the ratio of soluble organic matter to total organic matier for all twelve samples
frcm Core 2 are close to unity irdicates that the organic matier contdiféd 'in this core
is present almost entirely as petroleum which could not have been generated in the rock
but must Have migrated in from another sourcs. Core 2 thérefore must be considesred a
reservoir rather than a source rocc. The odd-even predominance, i. e. O&F, values
close of unity indicate a mature 0il probebly derived frcm a source rock in which

(1) Letter Er-132-69 to D. W. Williams, dated August 12, 1949
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petrelerm ponesis is whll edvane~d, The uniformitr in tho corcozitional and dsotoplc
valies for the saturmatsd pdrcearten, arcmatic ond asthaltic fractions are consich L0t
with the concort that the oll has mizrated into the rock. The rroperties of tho
coryinad cutract arz 7iv nodn th: lost colum of TX1~ V., The volucs corrccroand
closely to tics: for ths oil dxriv~d by production test froa i 10383 to 10! La foct
interv2l. TIvororztion loss~s durins extraction ean ezcily aco it for the scz-uhat
lowzr API pravity, higher speclfic gravity and hisher viscosity. A comrarison of ths
odd-cven prodotinanc C 2, as a function of carton nunb:r for the rock sextract zad

for ths cruds cil is ~,h ~m in Fijurz L. 7The corr2lation cceff{.ci.nt for thess tuo
curves 1s 0.743 with 15 degrees of frecdom. Sienificance on "1 Tost is better than
9G.7 pcr cent, 1. e., th:rp is 1-ss than on=s chane: in a th oueﬁrd that the corrslation

roserved betulen these two curves is by accidont, tharcfore it is concluded that the
oil in the rock and preducsd on test 1s as vould b* axpectzd, ldentical.

The component cerrosition of the low molecular welcht fraction of s gas
froa the producticn tast and the carbon isotopie valucs for tha2 first several wembers
of the hydrocarben series ars provided in Table VI, In Teble VII ar:z provided ths
ratics of the major constitusnt, msthane, to the noxt four members of the hydrocaroon
series and these values corrared with ths valuss for the gas samples frem VWell 7/11-1X,
2X and 3¥ on the Cod Strusturc. Ths ratios for the gzas from Vell 2/L-1£K corralate with
thoss for the gases from Vells 7/11-1¥ ani 24, but differ considerably from th2 ratios
for th=s gas phase cbtained from .ell 7/11—3¢. Tho isotopic data plotted in Figure 3
providzs additional support for this conclusion.

Jdentification of the source rock for ths dsep production in ¥ell 24L-1AX
was not possible from th~ sarmples provided., Id:ntification of the sourcs rock,
determination of its prcductivity in tormus of oil zonzrated ard migrated, its volums
and areal distribution, would provide an indicacci' of the retroleun~rrocducing rotenitial
of this part of the baSLn. Sanrles of likely source rocks from the presznt ani/or
future wells would be requirsd. Pisc:zs of core such as thoss provided fron Corcs 1 and 2
in the 1AX well are ideal, Good sidewnll cores also can be uced. )

Original Signed By
J. GORDO 1 ERDMAN

JCE :M A 0 J. Corden Irdran
4L‘ %Y
7y

Attachments 3, Tables 7, iy
Figures 4 (ﬁ\‘\







