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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\‘\
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) Attachment 1

Inventorv of Samples Received and Used In Tre Studyv

From Vell 2/h-lX, 0il sample from TD collected at atmospheric pressure,
Transnitted by i, T. Crump (SB-010-69). Received llovember 7, 1969,
Assigned Geochemistry Branch Code FIX,

From Well 2/4-1iX

(2)

(b)

(c)

Eighteen rock samples from Core 1 at depth intervals from 5L61 to 55137,
Transmitted by H, H, Heikkila (NOB-164-69), Received November 11, 1943,
Assigned Geochemistry Branch Code letters FLI through FiD,

Twelve rock sariples frcm Core 2 at depth jntervals from 10010 to 10017!,
Transmitted by H. H, Heikkila (NOB-164-~69), Receivec Noverber 11, 1949,
Assigned Geochemnistry Eranch Code letters FME through FIIP,

Companion gas-liquid semples collected using Geochenistry Type A kit and
Method 67-1B. Transmitted by A, T. Crump (GWB/GJ-09L/69). Received
December 8, 1969, Assigned Geochemistry Branch Code letters FQV (gas)
and FQW (1iq.).

From Vells 7/11—1X, 2X and ZX, See ny letters Er-83-69 deted lay 19, 1969 and
Er-132-69 dated August 12, 1969 both to D, W, Williams,
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Iithological Description oI Core No, 1
) Well 2/L-14X, Norwesian Secior. North Sea

Ccde

FIM -

FLP -

FIQ -

FI1R -

FIS -

FLT -

Depth 5461 feet, Olive gray (5Y h/l), soit, calcarecus, micaceous, fossiliferous,
well-bedded clay shale with greasy luster and soapy feel; contains a few

minute carbonaceous and biotite Ilakes; microfossils ars fairly well-preserved
and consist of minute brcken valves, forz=inifera tests, and spines; the

spines have both hollow 2rd solid cores and the hollow ones are somewhat
flattened, and the longer spines, up to & mm in length, are generally

striated along their length.

Depth 5446 feet. Dark greenish gray (5GY 4/1), soft, nsn-calcareous, micaceous,
sparsely fossiliferous, well-bedded clay shile with greasy luster and soapy
feel; contains minute black flecks and reddish brovm blzbs of organic ratter;
the microfossils are not as common as in Sample FLi{ and consist predominately
of minute, tapered, chitiricus spines.

Depth 5468 feet, Olive gray (5Y L/1) shzle, identical to Sample FIN except
that no microfossils were observed and the mica flakes zre larger, ranging
up to 0,3 mm in diameter,

Depth 5472 feet. Light olive gray (5Y 6/1) shale, identical to Sample FLO
except that mica flakes are not as common and are considerably smaller,

Depth 5475 fest, Greenish gray (5GY 6/1), soft, slightly calcareous and mica-
ceous, somewhat carbonaceous, fossilifercus, well-~beddel clay shale with a
greasy luster and soapy feel; the carbonzze occurs as ninute, uniformly-
distributed calcite cryst:ls; minute spherules of psilonelane and pyrolusite
occur with the carbonaceous matter and arrarently has replaced some of the
organic matter,

Depth 5478 feet, Olive gray (5Y 4/1), sofl, slightly calcareous and micaceous,
fossiliferous, well-beddeu clay shale with greasy luster and soapy feel; a

few of the mica flakes are biotite; the —icrofossils consist of foraminifera
tests and minute spines of unknowm affiniiy, both of which commonly have

hollow interiors partially filled with mirute stherules of pyrite, psilomelane,
and pyrolusite; the minute fragments of czrbonaceous matter commonly are covered
with framboidal psilomelane.

Depth 5481 feet, Olive gray (5Y h/l), soft, calcareous, micaceous, fossiliferous,
well-bedded clay shale wiw.h greasy lusier and soapy feel and many indistinct
slickensided surfaces; the foraminifera, and varticularly the globigerina,

are exceptionally well-preserved, with transparent punciete test walls; nost

of the tests are partially 7illed with mi-ute spherules of pyrite and

psilomelane; minute stherules of psilomelzne are also associated with the

few small flakes of carconaceous matter rresent,

&

Depth 548L feet, Light olive gray (5Y /1) shale, identical to Sarple FILS
except that it is more ca.careous and foraminifera tests are more abundant,
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FLU -

FLV -

® FL# -

FIX -

FLY -

FLZ -

FMi -
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Depth 5487 feet, Dark greenish gray (5GY Q/l) shale, identical to Sample FIS
except that it i1s more fossiliferous and contains nuwnercus spines in addition
to foraminifers; the spines are probably from echinoids and most are poorly
preserved, however a few ¢f the longer ones, up to 2 mr in length, are
pyritized and exceptionally well preserved; the longer spines have hollour cores
containing small quantities of framboidal vsilomelzne; these spines are of
uniform diameter throughout their length with cellular wall construction

and a fine linear striae; in addition to the nurercus svines and foraminifera
tests, a few wafer-shared microfossils and fragments of minute bivalve shells
also are present; the wafer-shaped fossils are reddish-brown with irregular,
undulating surfaces and spparently hawe been partially altered to organic
matter; the shall fragments are poorly preserved and replaced by limonite but
have retained concentric growth lines in the umbo area,

Derth 5490 Feet, Greenish black (5G 2/1), soft, slightly calcarecus and
carbonaceous, micaceous, fossiliferous, well-bedded clsy shale with greasy
luster and soapy feel and roorly-cefined slickensides; the microfossils
commonly have hollow interiors partially filled with framboidal psilomelane
and pyrite; pyrite also occurs as minute crystals on bedding planes,

Depth 5493 feet, Dark greenish gray (5GY 4/1) shale, identicael to Sample FLV
except that slickensides are less common and minute blebs of reddish-brown
viscous organic matter are present; the viscous matterizl occurs in rounded
blebs spproximately 0,3 mr in diameter and fluoresces jellow uncer ultraviolet
light; this substance appears to have formed in situ from the alteration of
the wafer-shaped microfossils described in Sample FIU,

Depth 5496 feet, Olive gray (5Y 4/1) shale, identical to Semple FLV exrept
that it is more calcareous and lacks blebs of reddish-:rown liguid, although -
blebs of reddish-browm solid organic matter up to,0.3 rm in diameter are
distributed throughout the sample; spines are cormmonly pyritized and minute
spherules of psileomelane ryrite and pyrolusite are present in the cavities

of microfossils and in intimate association with carbonaceous fragments.

Depth 5499 ferc, Olive gray (5Y 4/1) shale, identica® to Sample FIX except
that it lacks the small reddish-brown blebs of organic matter,

Depth 5502 fect, Yellowish gray (5Y 8/1), mediunm hard, slightly cslcareous,
slightly micaceous, silty, fossiliferous, well-=bedded clzy shale with poorly
developed slickensides; the microfossils zre poorly preserved and consist
predominantly of fraguented spines azltered to psilomelanes; pyrite occurs as
minute crystals in trace amounts throughout the shale; minute carbonacecus
fragments and blebs of reddish-brown organic matter also are present; silt-
size quartz grains are rounded to subrounded and fairly well-sorted.

Depth 5505 feet., Olive black (5Y 2/1), soft, somewhat plastic, non-calcareous,
slightly micaceous and siliy, sligutly fossiliferous,well-bedded clay shale
with greasy luster, soapy feel, and well-developed slickensides; the slicken-
sided surfaces indicate tkat the direction of rmovement has frequently changed
180° or more within a lateral distance of only a few mm; the microfossils are
poorly preserved and consist of only a few small spine fragments; minute blebs
of reddish brown solid organic natter are distributed throughcut; silt-size
quartz grains are rounded to subrounded and fairly well-sorted,
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FMB -

FIC -

FMD -~

Depth 5508 feet. Light olive gray (5Y 6/1) shale, identical to Sample Fil\
excert that the shale is calicareous and microfossils are more common and better
preserved; some of the reddish brown blets of solid organic matter in this
sample have been dcformed by movement zicng the slickensided surfaces,

Depth 5511 feet. OLlive black (5Y 2/1) shzle, identical to Sample FlA except
that the shale is slightly calcareous and spines with solid and hollow centers
up to 4 mm in length are present; the spines lack ornamentation and are
generally replaced with lizonite; some of the hollow types are partially
filled with psilonelane and pyrite srheru_es; minute valves with undulose
surfaces and concentric growth lines in the umbo area also are preseni; wafer-
shaped microfossils like those described 3in Sample FLU have been altered to
reddish brown solid organic matter distributed thronghout the sample,

Depth 5513 feet, Olive gray (5Y 4/1) shaie, identical to Sample FLZ except
that microfossils are more aspbundant and tether preserved and the shale is

more calcareous; orientation of some of trhe sm2ll delic:te spines up to 1,5 mm
in length perpendicular to the bedding piznes suggeststhat deposition must
have been consistently rapid during deposition of the interval sampled,

wor



Er-239-69
PRGN ‘Attachment 3 e~

Lithological Description of Core No, 2
Well 2/L-1A%, loriiezian Sector, North Sea

Geochen,
Branch
Code

FIiE ~ Depth 10010 feet, Yeliowish gray (5Y a/l), medium hard, massive, very fine-
grained, granular, slightly fossiliferous, limestone; microfossils consist of
sparse, fairly well-preserved, calcareous, translucent foraminifera tests
partially filled with minite psilomelane and pyrite crystals, apparently
replacing the soft parts of the organisn; pyrite also occurs as minute cubes
uniformly distributed throughout,and fine- to mediwi~grained sparry calcite
crystals are similarly disseminated; the few silt-size quartz grains present
are rounded to subrounded and fairly well-sorted.

FMF - Depth 10011 feet, Yellowish gray (5Y S/l) limestcne, identical to Samn’e FUE
except that a 0,7 mm-thick lamina of closely-spaced, small pyrite cubes and
fine quartz grains is present; very fine-grained pyrite also occurs in
association with a trace of psilomelane in anastomosing filaments probably
representing fillings in small organism trails and burrows; additional
occurrences of pyrite are as crystals lining the interior of foraminifera
and as a replacement of a few minute spines,

FMG -~ Depth 10012 feet, Yellowish gray (5Y 3/1) limestone, identical to Sample FMF
except that considerably more spines are present with rany ranging up to 2 mn
in length; a few of the spines are pyritized but most have been dissolved
leaving only external molds which contridbutes significantly to the porecsity;
pyrite occurs in trace arounts as disseminated crystals and as fillings in
minute organism trails and burrows; traces of glauconite and silt-size, sub- -
rounded quartz grains also are present,

FMH - Depth 10012,25 feet. TYellowish gray (5Y 8/1) limestone, identical to Sample
FMG except that it is softer and somewhat coarser graired, glauconite is more
common, spines are considerably more numercus, a trace of muscovite 1s present,
and minute, soft, black flakes of carbonareous matter are distributed throughout;
spines have coniributel significantly to the wvuggy, hisgh porosity, both as
a result of most of them having been dissolved leavirg external molds and as
a result of most of those p:eserved having hollow cores,

FMI - Depth 10012.75 feet, Yellowish gray (5Y 8/1) limestone, identical to Sample
FMH except that glauconite is slightly more abundant ard minute cubes of
pyrite are distributed throughout.

FMJ - Depth 10013 feet, Yellowish gray (5Y &/l) limestone, identical to Sample Fill
except that glauconite occurs only in trace amounts, pyrite is less common,
and the grain size is somewhat finer; spines are the predominant fossil type
but only a few have been dissolved hence the porosity appears to be lower
than in Samples FMI and FiiH,

FLK - Depth 10013,25 feet, Yellowish gray (5Y 8/1), medium hard, very fine-grained,
granular, slightly fossiliferous limestone with several planar mediun gray
(N 5) laminae 2 mm thick, conteining scattered blebs < 0,1 rmm in diameter
of very fine-grained pyrite crystals, psilomelane and pyrolusite spherules
and medium grained sparry calcite; the blebs generally have rounded outlines
but a few are rectangular and probably represent orgznic matter that has been
altered and replaced; these laminae were probably deposited during intervals
when reducing conditions prevailed at the sediment-water interface; the major
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FHML -

FMM -

N -

MO -

FMP -

yellowish gray, portion of the sample is similar to Sample FiiJ except that
glauconite is absent, microfossils are less comuon, spines are fewer and
poorly-preserved, and a few minute, irregnlar blebs of chert are present,

Depth 1COlL feet. Yellowish gray (5Y &/1), mediwn hard, massive, very fine-
grained, granular, fossilifercus limestone; well-preserved, calcareous,
translucent foraninifera tests provide gocd vuggy porosity even though
minute spherules of pyrite and psilomelane partially f£ill their interiors;

a few spines also are pres:nt; rmuscovite and glauconite occur in trace
amounts throughout,

Depth 10015 feet. Yellowish gray (5Y &/l) limestone, icentical to Sample FML
except that it is somewhat coarser grained and contzins small euhedral
crystals of polysynthetically tirinned sparry calcite dietributed throughout;
foraminifera are generally roorly preserved, somne having been completely
replaced by sparry calcite and scme having been dissolved and their external
molds lined with drusy calcite crystals; several very stall fractures also
are lined with minute crystals of euhedral caicite; 211 spines have solid
cores; ninute pyrite crystals are distributed throughout and drusy pyrite
with psilomelane occur as rerlaceznent of carbenaceous matter and as fillings
in minute organism trails and burrows; muscovite flakes and glauconite grains
occur in trace amounts,

Depth 10015,75 feet, Yellowish gray (5Y &/l) limestone, identical to Sample

FML except that several faint medium gray (N 5), very thin planer laminae

occur from 0.5 to 5.0 mm apart; these laminae are more carbonaceous than the
remainder of the rock; minate pyrite crystals closely associated with psilomelane
spherules and medium-grained euhedral marcasite occur in fine anastomasing
filaments ou bedding planes and probably represent worm trails,

Depth 10016 feet. Yellowish gray (5Y 8/1) limestone, icdentical to Sample FML
except that it is somewhat softer, .

Depth 10017 feet, Yellowish gray (5Y 8/1), soft, massive, very fine-grained,
granular, slightly fossiliferous pyritic lirsstone; pyrite occurs with traces
of psilomelane spherules in rounded blebs up to “ mm in diameter and as minute
cubes distributed throughoat; the blebs are prcbably replacements of organic
matter; the microfossils arc peorly preserved and comznonly replaced by snarry
calcite,



TABIE I '

Mineralogy by X%y Diffraction of Core Samples From.
Well 2/4-1AX, Norwegian Sector, North Sea

Clay Size Fraction - -

. ] Normalized Clay Mineral
Geochem, Whole Rock Content (%)

Branch Depth, Unidentified Montmoril- .
Code feet Quartz Calcite Feldspar Illite Kaolinite Clay Other Quartz Calcite Feldspar Illite Kaolinite lonite Other

Core 1

FIM 5,61 M P P P P P N P P P 20 25 55 N >

FIN 5466 M P P P P P N P N P 25 20 55 (1)

F1O 54,68 M P P P P P N P N P 20 20 60 1

FLP 5,72 M N P P 3 P N P P P 15 25 60 N

R eA) 5L75 M P P P P P N P P P 15 15 70 N ‘

FIR 5478 M P P P P P N P P P 15 15 70 N

FLS 51,81 M M P P P P Chlorite P P P 10 15 75 (1)

LT 5484 P M N P P P N P P P 20 20 60 N

FLU 5,87 M P P P P P N P P P 20 10 70 )y >

FLV 51,90 M P P P P P N P P P 20 15 65 N

PIW 5493 M M P P P P N P P P 15 15 70 : N

WIX 5496 M P P P P P N P P P 15 10 75 N

FLY 5499 M M ‘P P P P N P P P 20 15 65 N

FLZ 5502 M P P P P P N P P P 20 ° 15 65 N

FHIA 5505 M N P P P P N N N P 20 20 60 N

I'MB 5508 M M P P P P N P P P 10 20 70 N

I'MC 5511 M P P P P P N P P P 10 25 65 N

MD 5513 M M P P P P N P P R 10 20 70 N .
Core 2

FME 10010 M M N N P N N M M N N P N N |

M 10011 M M N N P N N M M N N P N N

PG 10012 P M N N P N N M M N N N N N ‘

FMH  10012,25 P M N N P N N M M N N N N N

FMI  10012,75 P M N N N N N M M N N P N N

MMJ 10013 P M N N N N N M M N N P N N

FMK  10013.25 P M N N P N N M M N N P N N

FML 10014 p M N N P N . N M M N N P N N

MM 10015 P M N N P N N M M N N P N N

FMN  10015,75 P M N N P N N M M \ N P N N

'O 10016 P M N N N N amphibole M M N N P N . no

FMP 10017 P M N N P N N M M N N P N unidentified 3

clay

M indi:ates major component; N indicates not detected; P indicates present
(1) In.erlayered mon};morillonite chlorite
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TABIE 1I

COMPOSITION OF CALCIUI{ CARBONATE AND ITS CARZON ISOTOPIC COPOSITION
IN CORES 1 AND 2,
VELL 2/L-1AX, NOP'ECIAN SECTOR. NORTH SEA

%/ CaCPn
Geochemistry Depth Carbonate Calcium Carbon Isotopic
Branch Interval, Carbon Carbonate Composition
Code feet Wt 3 W 3 5cl3
— PDB
CORE 1

FIM 5461 0,71 5.9
FIN 5166 0.07 0.6
FLO 5462 0,04 0.3 ,
FLP 5472 0,06 0.5
FIQ 5L75 0.45 3.6
FIR 5478 0.36 3.0

. FIS 5481 1.38 1.5
FLT 5481, 3.26 27.2 + 2,6
FIU 5187 0.89 7.4
FIV 5490 0.46 3.8
FIW 5L93 0.9 7.9
FLX 5496 1.01 8.4
FLY 5499 1.29 10,8
F1Z 5502 1,26 10.5
FMA 5505 0.0L 0.3
FME 5508 1,54 12,8
FMC 5511 0.98 8.2
FMD . 5513 1.63 13.6

CORE 2

FME 10110 8, 6L 72.0 + 2,0
FMF 10011 8.25 68.8 + 2.3

® o 10012 9.31 77.6 +0,8
FMH 10012. 25 9,62 80.3 +1.6
FMI 10012.75 9.73. 80.9 + 2.9
FM.JI 10013 10, 7L 91.2 + 0.9
FMK 10013, 25 9.55 79.6 +2,2
FIL 10014 9.27 77.3 + 2.7
FMA 10015 9.2L 77.0 +0,8
FMI 10015.75 9.13 76.1 + 2.5
FHO 10016 10,31 85.9 + 2.3
FMP 10017 9.47 78.9 +1.8



TABLE IIT
CHARACTERIZATION OF THE ORGANIC FRACTION OF CORE NO. 1
WELL 2/,-1AX, NORWEGIAN SECTOR, NORTH SEA
(SOURCE ROCK EVALUATION-ISOTOPIC ENVIRONMENT OF DEPOSITION)

Ratio(?)

Soluble

Organic Eyiractible Organic Matter

Geochem- Organic Matter Total Saturate Aromatic Asphaltic Recovery from Odd-Even Indicated
istry Carbon Total Soluble Fraction Fraction Fraction Silica Gel Predomin- Isotopic Source '
Branch Depth, Content, Organie 13 - 13 13 13 Adsorbent. ance, Environment ' Rock .

Code Feet WtA%?ES Matter Wt %(l) BCPDB Wt %(3) 80PDB Wt 3(3) 8CPDB Wt %(3) SCPDB 2 (4) OEP of Deposition Evaluation
FIM 5,61 1.17 0.021 0,031  -24.1 18 -27.3 32 -25.6 50 -23.0 91 1.688
FLN 5466 0.96 0.019  0,0°3  -24,3 15 (5) 32 ~24.6 53 -23.0 91 1.660 0
‘1.0 5,68 1.05 0.06  0.021  =24.4 12 (5) 29 -25.4 59 -23.2 93 2.086
FLP 5472 1.43 0.010  0.018  -24.3 16 (5) 43 ~2h.5 41 -22.7 9k '1.654 °
FLQ 5475 1.15 0.008 0,011  -25.2 18 (5) 47 -25.2 35 -23.7 = 83 1.395 5y
FLR 5478 1.56 0.006 0,011  -23.9 16 (5) bdy -24.5 4O ~22.6 95 (5) 34
FLS 5481 1.11 0.013 0.018 -25.0 22 (5) 46 -26.0. 32 -23.3 96 1.668 w5
FLT 548L 0.77 0.010 0,009  -24.8 27 - (5) 37 =244 36 (5) 104 1.686 , §’5
FLU 54,87 1.20 0.010  0.015 -23.8 18 (5) 39 -24.3 43 -22.7 O 2.308 o B e
FLY 5,90  1.18  0.009 0.0,  =-23.7 . 23 (5) 37  -25.0 4O  -23.5 99 1.863 5 b 2O
FLW 5493 0.83 0.017 0,018 -25.3 34 -27.4 38 -25.3 28 ~2L.4 78 1.417 9 R
FLX 5496 0.79 0.010  0.010 =-25.2 23 (5) 33 -25.1 L4 -23.4 99 2.626 g FAR
FLY 5,99 0.73  0.008  0.007 -25.1 26 (5) 31 -25.9 43  -24.3 99 1.783 KE
FLZ 5502 0.51 0.011 0,007 -26.1 26 (5) 33 -25.9 41 -24.,1 105 1.662 L7 w0
FiMA 5505 0.63 0.020  0.015  -26.5 47 -27.3 30 -25.5 24 -24,.,2 89 1.288(6) g% 2
FMB 5508 0.69 0.010 0,008 =-25.1 12 (5) 36 -25.9 52 -24,,2 93 (5) 828
FIC 5511 0.26 0.021 0,022  -25.3 26 (5 33 -25.1 41 -24.,0 87 2.060(6) ,
FMD 5513 0.77 0.016  0.06 -24.3 16 (5) 83 -24.6 0.3 (5) oL 12,724 'l

‘J.’.) 0f the core, dry weight basis.
The total content of organic matter is derived from the total organic carbon content by

)
applying a factor of 1.25. . -

) Of the total soluble fraction recovered from the silica gel adsorbent.

) A few per cent usually are lost in handling. Low recoveries indicate the presence of ;
highly polar substances unlike petroleum.

) Fractions two small for determination.

) Values are approximate.




CHARACTERIZATION OF THE ORGANIC FRACTION OF CORE NO. 2
WELL 2/4-1A@NORWEGIAN SECTOR, NORTH SEA .
(PRIMARILY INDIGENOUS OIL)

Ratio(z)
Soluble
Organic Extractible Organic liatter
Geochem~ Organic Matter Total Saturate Aromatic Asphaltic Recovery from Odd-Even Indicated
istry Carbon Total Soluble Fraction Fraction Fraction Silica Gel Predomin- Isotopic Source
Branch Cepth, Conte(-fs, Organic (1) OC (3) 3 13 (3) §013 (3)8013 Adsorbent . ance, Environment  'Rock
Code Feet Wt ¢ Matter Wt 4 PDB Wt & “PoB Wt ¢ PDB Wt % PDB T (4) OLP of Deposition Evaluation
FHE 10010 1.55 0.933 1. 807 -27.0 64 -26.8 31 -27.6 4 -26.9 95 1.030
FMF 10011  1.65 0.860 1.773 -26.2 70 -27.5 26 -27.3 5 -26.6 " 97 1.033
FMG 10012 1.59 1.104 2.19,4 -27.3 66 -28.0 29 ,=R7.3 4 -26.2 99 1.019
FMH  10012.25 1.44 0.915 1.647 -27.2 62 ~-28.4 33 ~27.3 4 -27.3 100 1.011
FMI ~ 10012.75 1.39 0.969 1.683 -26.9 66 -26.6 30 -26.8 4 -26.7 96 1.042
F1dJ 10013  1.74 1.197 2.603 -27.4 65 ~27.4 31 -27.0 4 -26.6 7 0.993 o ! 3
FHMK  10013.25 1.80 1.261 2.837 =27.4, 65 -28.4 32 -26.9 3 -26.1 3 1.032 H ve5
FIL 1001, 1.6% 0.7,5 1.564 -27.2 66 =27.1 31 -27.2 3 -27.1 95 1.010 o =99,
FIM 10015 0.98 0,906 1.110 -27.1 63 =274 32 =264 4 ~27.3 96 1.006 ? ne S
FEN  10015.75  1.04 1.044  1.358  -27.8 67 -28.1 29 -26.6 3 -27.3 96 1.011 g
FMO 10016 1.20 0.970 1.456 -28.2 64 -28.5 29 -27.1 7 -26.4 95 1.002 a52
FItP 10017 1.36 1.033 1.757 -27.6 66 -27.3 30 -26.8 3 -26.4 93 1.044 l

(1) Of the core, dry weight basis.

(2) The total content of organic matter is derived from the total organic carbon
content by applying a factor of 1.25.

(3) Of the total soiuble traction recovered from the silica gel adsorbent.,

(4) A few per cent usually are lost in handling. Low recoveries indicate the
presence of highly polar substances unlike petroleum.




Well

Depth Interval

Geochem Branch Code

Gravity API
Srecific Gravity
at 60° F
Kinomatic Viscosity
Centistokes at
100° F
Alkanes (paraffins
plus naphthene
Per Cent, Wt/Wt i)
Carbon isotopic 13
conpposition, SCPDB
Aronmatics
Per Cent, Wt/wt (1)
Carbon isotopic
composition, SC
Asphaltics Po3
Per Cent, Wt/ut (1)
Carbon isotopic .,
composition, SCyi3
Nitrogen, Total
Per cent, Wt/wt
Sulfur, Total
Per cert, Wt/iWt
Nickel-In Solution

ppm
Vanadrun-In Solution

ppm

(1) Based on oil equilibrated to atmospheric pressure, i.e.

TABIE V
CHARACTEZCZATION OF CRUDE OIL SAMPLES

FROM WELLS 2/4-1X AND -14X
NORWEGIAN SECTOR, I'OETH SZA

2/4-1x
T. D.
FLK
21.1
0.927

663

3g(2)
-27.5
50
~26.1,
12
~26.0
0.31
0.72
13.5
3.1

approximately stock tank oil.

(2) Contdins very little n-paraffins in the Cy3 and higher

molecular weight range.

2/4-1AX
10363-10464 !
FQW
36.4

0.843

69
-27.8
28

-26.0

-26.9
0.12
0.17
0.6
1.4

Lr=-£5~0%

™

0il Extracted
From Core 1o, 2

10010-10017'
FRP
31.5
"0.87

185.6

75
-27.6
22

-27.1

-26.6
0.16
0.24
2.3
1.2



Component,

helium

carbon Dioxide
nitrogen
hydrogen Sulfid
methane :
ethane

propane
i-butane
n-butane
i-pentane
n-pentane ¢
hexanes
heptanes-plus

Total

TABLE VI

COMPOSITION BY COMPONENT OF THE Cy THROUGH C3 FRACTION
OF THE FLULID FROM THE 10363 - 10464' INTERVAL IN
WELL 2/4-1AX, NORWEGIAN SECTOR, NORTH STA

Gas_(FQV) (1)

Mol or Vol % Wt. %

Carbon
Iso% pic
bCPgDB—-

1.7
0.23
Trace
80.55
9.8,
4.19

1.31

3.56
0.31

Trace

61.53
14.09
8.80
1.52
3.63
1.07

-1.68

"I-l-lo5

,=29.2

-28,6

-38.0

1
Liquid (FQW) (1)
Mol % Wt %
0.35 0.09
7.96 0.78
4.90 0.90
5.95 1.59
1.49 0.53
L.75 1.68
2.27 0.99
3.42 1.50
7.52 3.93
61.}2 88.02
100. 100.

(1) Geochemistry Branch Code letters - These samples were collected
in a Geochemistry Branch companion
separator temperature and pressure according to Method 67-1B.

sample kit, Type A, at

Formation Fluid

Mol % Wt %
1.56 1.90
0.21 0.16
Trace Trace
72.89 32.34
9.31 7.75
4.38 5.34
0.65 1.04
1.67 2.69
0.52 1.03
0.70 1.40
1.09 2.59
6.48 42,28
100. 100,

63-6£2-19 )



4" TABIE VII - ",

COMPARATIVE VALUES OF THE RATIOS OF METHANE TO HIGHER HOMOLOGS

FOR FLUIDS FROM THE ECHOFISH AND COD STRUCTURES
NORWEGIAN SECTOR, NORTH SEA

Mol Basis
Well Designation

2/4 ~ 1AX 7/11-1x ) 7/11-2% 1) ‘7/11-3x L/

Ratio (10363-10464") (944,0-10197') (9932-10190! (10125-10145")
methane/ethane 8.2 12.4 11.0 2.0
methane/propane 19.2 ‘ 30.6 , 26.1 2.3
methane/i-butane 146.4 k.1 138.3 12,2
methane/n-butane 61.6 83.5 i Th.y ’ 7.2

(

(1) See letter Er-83-69, Cod Structure - North Sea;, May 19, 1969.

€9-6€2-az
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- Concen"on of Calciun Carbonate, .t 5 None Foss, Very .cscz,
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Depth, ft,
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Figure 1 Concentration of Calecium Carbonate, Calculated From lleasured Values
For Carbonate Car-oon, and Fossils, Qualitatively Determined by
Inspection, Plotced Agzinst Depth in Core 1 From Vell 2/4-1AX,
Norwegian Sector, North Sea,
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Concenbration of Calcium Carbonate, Wt &

Depth, ft.

10,01060 { I 8h__ 9|2
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Lk p—
15 |— |
16 }— 1
17 — ]
N S O O I
Figure 2 Concentration of Calcium Carbonate Calculated

From ileasure d Values For Carbonate Carbon Plotted
R Against Depth in Core 2, From iell 2/&—1AX,
Norwegian Sector, llorth Sea.
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Carbon Isotopic Composition, OC

Er-239-49

Well 2/1L-1A%,
10363-1CL6NL

Average of 7/ll-lX

. and -2X tests(1)

94L,0-101.97*

- Vell 7/11-3X

10125-10145t (1)

__,Component

Figure 3.: Cozparison of Carbon Isotcpic Values of the Low ilolecular
Weight Components of the Fluids From the Echofish and Cod

Structures,

@) See letter Fr-£3-69, Cod Structure-tNorth Sea,-lay 19, 1969.



Er-239-69

‘g’ i i :
: o
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1.00 X

—{————%—— Average curve for cil from Core 2 show.ng standard
deviation for each point
-O---O- Curve for crude oil, 10363-10464' depth interval

N T A Y T P

1 18 22~ 26 30 34

0dd-Even Predominance, OEP

Central Carbton Number

Figure 4. Relaticn of Cdd-Even Predominance to Caron N aber, 1. e.,
to Molecular Weight, of thes.n-Alkanes In Core 2 and In the
0il From the 10363-1046L' Interval in Well 2/-1AX,

v Norwegian Sactor, North Sea



