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Attention: H, H, Feikldls, Chief Geolezlst o i %’/

‘In ascord vith ¥r, H, H. Heilkilats rccx'est, to M, D, ¥, ¥illiano dated
!ovcxj}er 3, we now have chiained mest of the f*eowhemcﬂ. data for the samples sub-
mitted froa hells 2/4.,-31 and l@--.“X in the lNorwesian Sector ui the Uorth Sea,
Q \f’
Data still cutstanding will be provided later. Vo do not e.*:a.c», hor. ver, that
these data will alter owr present cuservaticns and conclusicns, The inventery of
sasples received znd used in the study are cuntained inm Adta Erﬁr 1.

Cur obsorvations and cnnclusimis are smz:—d es follous:

. Core 1 froa the depth inserval 5461 to 5513 fset in lwll 2/4-1AK consists

of orzanic-rich fogailiforcus marine shazle. The carbon isctople composition,
boren concentraticn, size and frermented chavacter of the for .,i_’L:, :m:l

derth of coarse=; ’I“““Qi clastics Tndieste ereszition well offchore in
hypersaline walors with moderately high cnerzy level, such 2s the fl-.ls

of an emercent or rearl mer-ent 821t structure, the crest of uhich was

stripped cf proviously u;“o..zfei shale and becafhe the site of carbonale
derositicn. The organic fraction of the rhale eccuprising tiis core
irfticabes oscillaticns in rates of depesiticn end ecolesy, surgesting
deposition over a considsrable interval of tine, Cors 1 represenis a
forzaticn in yhich v t*olc**u is in 2n c:rly stose of renesis, These
ghales in the arcu of hell 2/4-14 ( cca.z.d have producel suall anounis
of gas and a licuid eil i t,h a relstively &3l alkeane (norusl=cud branched-
paralfin hyvirccarbo ms) fracticn, a :‘:.luﬁ rrozorticn of nophthenic an
n

CA. [uR

arcua*ic hyarceariong, and an intermediste anount of W:x_l’:,;'c residie, |
The oil rencrating ;oﬁ&at‘al of this rock is groat, and In cthar locatlons
in the basin ihore burizl has been zyeater or where uplift cccurrsd
sufficiently late thzb ewria toiperatiures vere “elnt‘ vcly hizh fer a
larze proportion of the ch:: ‘.e;k ocitional history, the porticen of the

Hid: dle idocene r\,‘uwg...m by these samples cculd te exgected to be 2
prolific sourcs of aurole_u..

2, Lore 2 fren the depth u.gemﬂlw fect in Yell 2/4-1AY consists
of fine=:rpained sronmuldar vorins linestenz, The ._i:e *m‘. deires of preservation
of the feegsils, presence of finc clactic in lor con ’:rv.tims,’ znd ths
presence of ‘zuthicsnic ryrites and giiucenite 1::11(:.-- denoaition gecurrad
in quiel water c;..i‘:‘ic;.crt.’.;' uClC'.' wave b2se o5 to (a) be unaficcied Ly
tractiva currenis, (b) rrevent coxinution of fossils or destructicon of
wora kurrews, and (e) ’;:I*F,’.:CI'V:»_ reducing condliticns in the bobtton uaters
The site of decrocition, however, wzs close encuch to shore to have a
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significant component of s:1t-sized clastics and fossil debris transported
to the site by uniform suspension currents in the overlying surface waters.

Petroleum constitutes the untire organic content of Core 2. The oil is not-

-indigenous, hence the formation in this depth interval must be considered

a reservoir rather than a source rocka

The oil contained in Core 2 is geochemicélly jdentical to the oil produced
from the depth interval 10363 to 10L46LT. -

The gas fraction of the oil from the 10363 to 10L6L foot interval correlates

" chemically and isotopically with the gases obtained froa Vell 7/ll—lX'

(9440 to 10197 feet)'and 7/11-2X (9932 to 10150 feet) on the Cod Structure.

The oil from T.D. in Well 2/4,-1X was generated in a source rock comparabie
or identicz} to that encountered in Core 1 from the 54,61 to 5513'depth
interval in Well 2/4-14X. This oil is geochemically younger than tue cil

contained in Core 2 and obtained by production test of the 10363 to 1046k

foot depth interval in the -14X well.

The compositions of the gas and liouid phases and the computed formation
fluid of the production test at the depth interval 10363 to 1046/ feet

~4in Well 2/4-1AX are contained in Table VI.The composition of the liquid

phase equilibrated to atmosphéric pressure, i. e. corresponding approximately
to stock tank liquid, is conteined in Column 2 of Table V . The distribution
of hydrocarbon constituents in the gas phase is normal. The non-hydrocarbon
constitusnts of the gas, namely carbon dioxide, nitrogen, and hydrogen suliide,
are Tow. The oil is high.y saturated, i. e., high in maraffins and naphthenes,

. and contains very little ascthalt. toncentrations of compinsd nitrogen, sulfur,

nickel, and vanadium are “ow. The crude, therefore, constitutes a hisi quality//
refinery feed stock. ’

The oil obtained at‘IJQ:mig;ﬁsllgglgjlg, and to be expacted in reservoirs

&

deriving their oil from tae 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 ¥211 ~1AX. Tais oil is highly aromatic =ni contains a considerable

amount of asrhalt. Combined nitrogen and sulfur concentrations are intermediate;
tre nickel concentration is quite high. This crude, therefors, is of lower

quality thar that rroduced from the deepcr interval.

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

‘produced from the 10363 to 10L6L foot depth intervael in Well -1AX was

not possible from the samples provided. It is recommended that consideration
be given to 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 conclusione are based are containsd in Attachments
2 and 3, Tables I - VII, and Figures 1 - L. Basic concepts and interpretations used
to arrive at conclusions stated sbove are discussed in thé remainder of this letter.
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Detailed mineralogical data forj&;;g=l.1n ¥e11 Z/A—lAT are gchn in Tables I

and II ard the 11tholoolc descriptions of the samp¢es are given in Attachmant 2.
This core- consists of soft gray clay shale with moderatzly varying fossiliferous
and calcareous content. A number of factors dictate a2 mzrine environment of,dgpos;:gj,gg4
nanely (1) fauna, (2) hizh concantraticn of the'tracs element toron as shown in the
last column of Table I, (3) carbon isotopic cemrosition and abundance of calcium
carbonate (calcite) shown in th2 upper half of 'Table II, and (4) the carbon isotoric
composition of the organic fraction shown-in Table III. Brlelly, carbon isctops
values less than -30.0 are tzken as indicating a fresh watsr origin for the organic
mattor, -30.0 to -29.0, brackish; and more than -29.0, marine. Except where there

" is major transport or org,nlc mattvr, such as by turhldlty currcnts, the environment
as derived for the organic fraction is synonymous with the enviromment of deposition.
As a quantitative indicator of szlinity, both the concentration of boron and of the

clay mineral illite must be taken into consideration. A boron concentration
-corresponding to three times the normalized per cent illite in the clay fraction is
considered tl.e Youndary between brackish and mar.nd environmen“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 accumulated was hypersaline. The occurrence of echinoid spines in random
orientation with some psrpendicular to the bedding rlan@ in at lcast one sample.indicates
, ‘ ‘that devosition occurred rapidly. The dearth of coarse-grained clastics would seem to
indicate that thesg_shali5_HErsﬁdapgsltmi;u1$mxuﬂleiﬁr. Howaver, the presencs of
brecken shell fragments and of spines 8 mm in length which were transrorted to the site
of deposition after dismemberment of the skeleton of the organism would indicate that
the energy level in the environmeat was moderately high and thet the fine-zrain size of
the inorganic detritus might mean that no coarse—graﬁred material was available, The
ﬂmost probably envirommsnt consistant with hyverselinity, fine grain size, and marine

fossils would be in the leé of sn sreally extensive, but not necessarily emergent,

offshore bar ccnsiderably removed from a source of contlnontalJv derivsd clastics.

Such an environment would be consistent with the clay mlnerglOCJ listed in Table I

and with the carbon isotopic composition which indicates that practically_no terrestial
organic matter is present. This snvircnment also would be consistent with the ocecurrsnce
of a dolomite facies at thls horizon in the Z/L-lx‘Vell only a kilometer away, and with
the unlformlty suggested by seismic data from thls horizon.

4 probable modsl that would satisfy all ihese data ard inte rpretations is a
larze salt structure well offshors the crest of which had besn uplifted to near sea
lnvel by Middie Miocene, The shals previously deposited in this originally quiet
water enviromment would have bsen removed from the crest and redep051ted 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 hypersaline water and tonpuos of undolomitizied cartocnate would interfingsr with
the shales.in deeper water as is shown by the logs of cartonate content and fossil
conent in Figure 1. As shown by the gcod correlation bstween these logs the calcareous
fossils are partially respensible for the peak carbonate concentrations despite the fact
tha’, calcite crystals also are present. The crestal carbonates would have had adequate
poroslty to have held the quantity of oil produced durinz the early staves of petrocleum
genesis in the shales on the flanks of the salt structure.
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- Mineralogic data for Cors.2 are given in Tables I and II and the lithologic

- deseriptions in Attachment 3. In general this core consists of fine grained

granular marine limestone. The high concentration of quartz ard calcite and the

absence of illite in the clay size fraction as shown in Table I prevent an estimation

of salinity based on boron concentration. Because the oil conteined in the core is

not indigenous the carbon isotopic valuesshown in Table IV apply not to the core but to the
rock which was the source of the oil.

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

in fairly quiet water; however, the relative abundance of silt--size quartz and the size

of some of the spines up to 2 mm in length suggest that the surface waters over-lying
this site of deposition were affected by currents of moderate competence. The log of
the carbonate concentration i..+ 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 data suggest an environment of mederate depth and no great distance

from shore. The presence of authigenic pyrite and glauconite in the core i.dicates

"fhat the bottom waters wers reducing and hence sufficiently deep to be relatively
~ unaffected by the surface.turbulence which jntroduced the transported material. The

well site thus was considerably scaward of wave base so that no tractive current

depositicn occurred and sufficienly far from this turbulent zone that carbonate

 deposition far exceeded deposition from uniform suspensions in the surface waters.

Absclute distance from shore or depth of water cannot be assigned without information
on ihe seaward dip of the sedimeni-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/A4lAX 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 core fall wiloin
the range 0.5 to 6.0 considered optimum for a source rock. The ratio of soluble
organic matter to total organic matter is very low, indicating that residual oil is

indi.genous to the rock. The high recovery from the silica gel absorbant indicates

that, normal petroleum genesis.is underway. The odd-zven predominance or OEP values
are higher than would be expscted for a mature source rock, i. e., a rock in which
maximum petroleum gercsis has occurred and from which the petroleum has subsequantly
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
satrated hydrocarboni, aromatics and asphaltics ~ontained in the extract any crude
accumulated from the rock would ke expected to be of relatively low gravity, highly
aromatic and with a reasonably high asphalt content.

Data concerning the organic fraction of Core 2 in Well 2/&-1AX is given in
Table IV. Only a few per cent of the organic matter deposited in a source rock and
whish survives geologic time is converted to petroleum. The remainder is converted to
a dark brown to black amorphous insoluble substance known as lherobitumen. The fact
that the ratio of soluble orgsnic matter to total organic matter for all twélve samples

et

frcm Core 2 are close To unity irdicatec that the organic matter contaifndd Iin this core
is present almost entirely as petroleum which could not have been generated in the rock
St must REve WiEratsd in from another sourcs. Core 2 therefore must be considsred a
reservoir rather than a source rock. The odd-even predominance, i. e. OEF, values

close of unity indicate a mature oil probably derived frcm a source rock in which

(1) Letter Er-132-69 to D. W. Williams, dated August 12, 1969
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petrcleun genesis is well advanead. The uniformity in thoe cemsositional and isotoglc
valiues for ths saturatsd hydrecarien, arcmatic and asthaltic fractions are consistznt
with the concert that the oil has mizrated into the rock. The proparties of the
comhinad extract are givin in the last column ¢f Texle V.o The valuss correcrond
closely to those for the 0il darivad by production test from the 10363 to 10LEL foct
3 R

t

cily acoost for the somamvhat
sity. A comparlscn of the
for the rock extract and
ef

3
interval. Ivaporation lo during exbtraction can e
lowzr API gravity, higher speclfiic sravity and hisher visc
. odd-ecven pradominance, OZP, as a function of carbon number
for the crude oil is shovm in Figurs 4. The corralation co
curves is 0.743 with 15 degrees of freedom. Significance on "t Tegt is better than
99,7 ner cent, 1. e., there is loss than one chanez in a thousand that the corrslation
rhserved between these two curves is by accident, therefore it is concluded that the
ol in the rock and producsd on u=st 1s as would be expectsd, ldentlcal.

3 O v

The comronent comrosition of thz low molecular welght fraction of tle gas
i - i
froa the production test and the earbon isotopic valuss for tha first several members

of the hydrocarton serles are provided in Table VI. In Teble VII ars provided ths
ratios of the major constitusnt, msthane, to the nsxt four memders of the hydrocarbon
series and these values comrared with ths valuss for the gas samples frem Well 7/11—1X,
2X and 3% on the Cod Structure. Ths ratlos for the zas from Well 2/4-1:X correlate with
those for ths gases from VWells 7/11-1% ard 2%, but differ considerably from th2 ratlios
for ths gas phase cbtained from “ell 7/11—33. The isotopic data plotted in Figure 3
provide additional support for this conclusion. ,

Tdentification of the source rock for the dsep production in Well 2/L-14%
was not possible from the samples provided. Idcntification of the sourcs rock,
“determination of its prcductivity in torms of oll genzrated end migrated, its volums
end areal distribution, would provide an indicaici of the petroleun-producing rotential
of tunis part of the basin. Sangles of likely source rocks from the pressnt ani/or
future wells would be requirsd. Piscss of core such as those provided from Cores 1 and 2
in the 1AX well are ideal. GCood sidewall cores also-can be used.: )

Original Signed By
J. GORDO{ ERDMAN

JGE M : ; - N 0 ‘ ©J. Corden Erdman
A= |

‘Attachments 3, Tables 7, FiP
Figures 4 (Q\‘\
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Inventorv of Samples Received and Used In The Studyv

Froam Well 2/A-lX. 0il sample from TD collected at atmospheric pressure,
Transmitted by A, T. Crump (SB-010-69). Received November 7, 1969,
Assigned Geochemistry Branch Code FLX, :

From Well 2/4-1iX

A (a)

(b) .

(c)

'Eighteen rock samples ffom-Core 1 at depth intervals from 5461 to 5513!,

Transmitted by H, H, Heikkila (NOB-164-69), Received November 11, 1949,
Assigned Geochemistry Branch Code letters FLiI through Fi,

Twelve rock samples frcm Core 2 at depth jntervals from 10010 to 10017!,
Transmitted by H, H, Heikkila (NOB-164~69), Received November 11, 1969,
Assigned Geochemistry Eranch Code letters FME through FIP,

Companion gas-liquid szmples collected using Geochemistry Type A kit and
Method 67-1B., Treansmitted by A, T. Crump (GWB/GJ—O9Q/69). Received
December 8, 1969, Assigned Geochemistry Branch Code letters FOV (gas)
and FQW (1iq.). : .

~ From Wells 7/11-1X, 2X and 3X, See my letters Er-83-69 deted May 19, 1969 and
Er-132-69 dated August 12, 1969 both to D, W, Williams,
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Iithological Description o Core No, 1
‘. Well 2/L-1aX. Norwezian Secior. North Sea

‘Ccde

FIM -

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

. minute carbonaceous and biotite flakes; microfossils ars fairly well-preserved

and consist of minute broken valves, forzminifera tests, and spines; the

- spines have both hollow ard solid cores and the hollow snes are somewhat

FIN -

F10 -

FLP -

FIQ -~

FIR -

flattened, and the longer spines, up to & mm in length, are generally
striated along their length,

Depth 5466 feet. Dark greenish gray (5GY 4/1), soft, non-calcareous, micaceous,
sparsely fossiliferous, well-bedded clay shile with greasy luster and seapy
feel; contains minute black flecks and reddish brown blzbs of organic ratter;
the microfossils are not s common as in Sample FLif and consist predominately
of minute, tapered, chitirnicus spines,

Depth 5468 feet, Olive gray (5Y 4/1) shzle, identical to Sample FIN except
that no microfossils were observed and the mica flakes are larger, ranging
up to 0.3 mm in diameter, , -

Depth 5472 feet., Light olive gray-(EY 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, fossiliferous, well-bedded clay shale with a
greasy luster and soapy feel; the carbonzte occurs as minute, uniformly-
distributed calcite cryst:ls; minute stherules of psilonelane and pyrolusite
occur with the carbonaceous matter and arrzarently has replaced scme of the
organic matter,’ :

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

few of the mica flakes are biotite; the zicrofossils consist of foraminifera
tests and minute spines of unknown affinity, both of which commonly have

hollow interiors partially filled with mirute scherules of pyrite, psilomelane,
and pyrolusite; the minute fragments of carbonaceous matier commonly are covered

~ with fremboidal psilomelane.

FIS -

FLT -

Depth 5481 feet, Olive gray (5Y 4/1), soft, calcareous, micaceous, fossiliferous,
well-bedded clay shale with greasy luster and soapy feel and many indistinct
slickensided surfaces; the foraminifera, and particularly the globigerina,

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

of the tests are partially filled with mirute spherules of pyrite and
psilomelsne; minute spherules of psilomelzne are also associated with the

few small flakes of cartonaceous matter present, '

Depth 548L feet, Light olive gray (5Y é/l) shale, identical to Sample FLS
except that it is more calicareous and foraminifera tests are more abundant,
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FLU -

FLV -

'1" FLA -

' FLL -

FLY -

FLZ -

FMi -
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Depth 5487 feet, Dark greenish gray (5G6Y Q/l) shale, identical to Sample FIS
except -that it is more fossiliferous and contains nwrercus spines in addition
to foraminifers; the spines are probably from echinoids and most are poorly
preserved, however a few c¢f the longer ones, up to 2 mr in length, are
pyritized and exceptionally well preserved; the longer spines have hollowr cores’
containing small quantities of framboidal psilomelzne; these spines are of
uniform diameter throughout their length with cellular wall construction

and a fine linear striae; in addition to the numercus svines and foraminifera
tests, a few wafer-shared microfossils and fragments of minute bivalve shells

also are present; the waler-shaped fossils are reddish-brown with irregular,

undulating surfaces and apparently have 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,.

Depth 5490 Feet, Greenist black (5G 2/1), soft, slightly calcarecus and
carbonaceous, ricaceous, fossiliferous, well-bedded clzy shale with greasy
luster and soapy feel and roorly-defined slickensides; the microfossils
commonly have hollow interiors parulally filled with framboidal psilomelane
and pyrite; pyrite also occurs as minute crystals on bedding planes,

Depth 5493 feet, Dark greenish gray (5GY h/l) shale, identical 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 yellow under ultraviclet
light; this substance appears to have formed in situ from the alteration of
the wafer-shaped microfossils described in Sample FILU,

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

of microfossils and in intimate association with carbonaceous fragments.

Depth 5499 fer:c, Olive gray (5Y L/1) shale, identica® to Sample FLX 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 clazy shale with poorly
developed slickensides; the microfossils are poorly preserved and consist
predominantly of fragmented spines altered to p31lo zelane; pyrite occurs as
minute crystals in trace amounts throughout the shale; minute carbonacecus
fragments and blebs of reddish-browm 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 silty, sligutly fessiliferous,.well-bedded clay shale
with greasy luster, soapy feel, and well-developed slickensides; the slicken-
sided surfaces indicate trat the direction of movement 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 matter are distributed throusnout; silt=-size
quartz grains are rounded to subrounded and fairly well-sorted,
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Depth 5508 feet. Light olive gray (5Y 6/1) shale, identical to Sample FilA
except that the shale is czlcareous and microfossils are more common and better
preserved; some of the reddish brown blets of solid organic matter in this
sample have been deformed by movement zicng the slickensided surfaces.

Depth 5511 feet, Olive black (5Y 2/1) shzle, identical to Sample FiA 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 limonite; some of the hollow types are partially
filled with psilomelane and pyrite srherules; minute valves with undulose
surfaces and concentric growth lines in :he umbo area a2lso are present; wafer-
shaped microfossils like those described in Sample FLU have been altered to
reddish brown solid organic matter -distributed thronghout the sample,

Depth 5513 feet, Olive gray (5Y 4/1) shzie, identical to Sample FIZ except
that microfossils are more abundant and bether preserved and the shale is

more calcareous; orientation of some of the sm2ll delicate 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.
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Iathologlcal Descrlptlon of Core No, 2
Well 2/L-1AX, Norweczian Sector, North Sea

Geochen,
Branch
Code

FME - Depth 10010 feet, Yeliowish gray (5Y S/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 minate psilomelane and pyrite crystals. apparently
replacing the soft parts of the organism; pyrite also occurs as minute cubes
uniformly distributed throughout,and fine- to mediwsi~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 (£Y /1) limestone, identical to Samp’e FME
except that a 0,7 mm~thick lamina of closely-spaced, small pyrite cubes and
fine quartz grains is present; very fine—arainnd pyrite also occurs in
association with a trace of psilomelane in anastonos1ng filaments probably -

" representing fillings in small organism trails and burrows; additional
occurrences of pyrite are as crystals lining the 1nterlo* of foraminifera
and as a replace ent 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 many ranging up to 2 mn
in length; a few of the spines are pyritized but most have been dissolved
leaving only external molds which contributes significantly to the porcsity;
pyrite occurs in trace amounts as disseminated crystals and as fillings in
minute organism trails and burrows; traces of crlauconlte end silt-size, sub- -
rounded quartz vralns also are present,

FMH - Denth 10012,25 feet. Yellowish gray (5Y 8/1) limestone, identical to hample
' FMG except that it is softer and somewhat coarser graired, glauconlue is more
common, spines are considerably more numercus, a trace of muscovite is present
and minute, soft, black flakes of carbonareous matter are distributed throughoat;
spines have contributed significantly to the wvuggy, high porosity, both as
a result of most of them having been dissolved leaving external molds and as
a result of most of those preserved having hollow cores,

FMI - Depth 10012.75 feet, Yellowish gray (5Y 8/1) limestone, identical to Sample
FMH except that glauconite is slightly more abundanu and n*nuue cubes of
pyrite are dlstrlbuted throughout.

FMJ - Depth 10013 feet, Yellowish gray (57 &/l) limestone, identical to Sample FXI
‘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 onlJ a few have been dissolved hence the por051ty appears. £to.be lower
than in Sanples FI and FPiH,

FlK - Depth 10013,25 feet, Yellowish gray (5Y 8/1), medium hard, very fine-grained,
granular, slightly fossiliferous limestone with several nlanar medium gray
(N 5) laminae 2 mm thick, containing scattered blebs < 0,1 mm 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 depogited during intervals
when reducing conditions prevalied at the sediment-water interface; the major
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yellowish gray, portion of the sample is similar to Sample FiiJ except that
glauconite is absent, microfossils are less common, spines are fewer and
poorly-preserved, and a few minute, irregular blebs of chert are present.

Depth 1COlL feet. Yellowish gray (5Y 8/1), medium hard, massive, very fine-
grained, granular, fossiliferous limestone; well-preserved, calcareous,
translucent foraminifera tests provide good wuggy porosity even though

minute spherules of pyrite and psilomelane partially f£ill their interiors;

a few spines also are presant; muscovite and glauconite occur in trace
amounts throughout, : '

Depth 10015 feet., Yellowish gray (5Y 8/1) limestone, icentical to Sample FML
except that it is somewhat coarser grained and contains small euhedral
crystals of polysynthetically tirinned sparry calcite distributed throughout; -
foraminifera are generally poorly preserved, some having been completely
replaced by sparry calcite and scme having been dissolved and their external
molds lined with drusy calcite crystals; several very sumall fractures also
are lined with minute crystals of euhedral calcite; all spines have solid
cores; minute pyrite crystals are distributed throughout and drusy pyrite
with psilomelane occur as replacement of carbonaceous matter and as fillings
in minute organism trails and burrows; muscovite flakes and glauconite grains

occur in trace amounts,

N -

Depth 10015,75 feet, Yellowish gray (5v 8/1) 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,

FMO -

FMP -

Depth 10016 feet. Yellowish gray (5Y 8/1) limestone, icenticel to Sample FIML
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 psilomel=ne spherules in rounded blebs ur to % mm in diameter and as minute
cubes distributed throughout; the blebs are prcbably replacements of organic
matter; the microfossils arc poorly preserved and commonly replaced by sparry
calcite, : A
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Mineralogy by

TABLE I

y. Diffraction of Core Samples From.
Well z/h-lAX. Norwegian Sector, North Sea

Clay Size Frac’tion

 Normalized Clay Mineral

M indicates major component; N indicates not detected; P indicates present
(1) Inserlayered mon};morillonite chlorite

clay

i )

Geochem, ° Whole Rock Content (%) . {?f,’
Branch Depth, b - Unidentified Montmoril- . trs

Code _feet Quartz Calcite Feldspar Illite Kaolinite Clay Other Quartz (Calcite Feldspar Illite Kaolinite lonite Other
Core 1 ‘

" FIM 54,61 M P P P P P N P P P 20 25 55 . N >0
FIN 5466 M P P P P P N P N P 25 20 55 (1) 2
F10 5,68 M P P P P P N P N P 20 20 60 K 2
FLP 5,72 M N P P i3 P N P P P 15 25 60 N 2
riR 5L75 M P P P P P N P P P 15 15 70 N t 2
FIR 5478 M P P P r P N P P P 15 15 70 N 2]
FLS 51,81 M M )3 P P P Chlorite P P P 10 15 75 (1) 2

CPLT 5481 P M N P P P © N P P P 20 20 60 - N 1
FLU 5,87 M P P P P P N P P P 20 10 70 1) >2
FLV 5,90 M P P P P P N P P P 20 15 65 N 2
LW 5493 M M P P P P N - P P P 15 - 15 70 N 2
WLX 5496 M P P P’ P P N - P P P 15 10 75 N 2
FLY 5499 M M - P P P P N - P - P P 20 15 65 N :
IFLZ 5502 M P p P P P N P P P 20 ° 15 65 N 2
FUA 5505 M N P P P P N N N P 20 20 60 N 2.
I'MB 5508 M M P P P P N P P P 10 20 70 N 1
I'MC 5511 M P P P P P N P P P 10 25 65 N 2
FMD 5513 M M ‘P P P P N P. P R 10 20 - 70 1 1

‘ Core 2
FME 10010 M M N N P N N M M N N P N N .
I'MF 10011 M M N N P N N . M M N N P N N
IFMG 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
FMJ 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 ,
ML 10014 P M N N P N . N . M M N N P N N 1
MM 10015 P M N . N P N N M M N N P N N 1
FMN 10015,75 P M N N P N N M M N N P N N
IO 10016 P M N N N N amphibole M M N N P N U S
FMP 10017 P M N N P N N M M N N P N unidentified j
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 COMPOSITION OF CALCIUI CARBONATE AND ITS CARZON ISOTOPIC COMPOSITION

IN CORES 1 AMD 2,
WELL 2/L-1AX, NORWEGIAN SFCTOR, NORTH SEA

%/ CaC0: |
Geochemistry Depth _ Carbonate Calcium , Carbon Isotopic
Branch - Interval, - "~ Carbon Carbonate Composition
Code” feet w3 Wt % o el3
T A 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
. FLS 5481 1.38 11,5 -
a FLT 5481l 3.26 27.2 + 2.6
FLU 5487 0.89 7.4 '
FLV 5490 0. 46 . 3.8
FLW 5193 0.95 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
FML . 5513 1,63 13.6
CORE_2
FME 10110 8,6L 72.0 + 2.0
FMF - 10011 8.25 68.8 + 2,3
® ro 10012 9,31 77.6 + 0.8
g 1 10012, 25 9.62 80.3 + 1.6
FMI 10012.75 9.71 80.9 + 2,9
- FMdJ 10013 10,7k 91.2 + 0.9
FUHK " 10013,25 9.55 79.6 + 2.2
FML 10014 9.27 77.3 + 2.7
FMd 10015 9,24 77.0 +0,8
FMl 10015.75 9.13 76.1 + 2,5
FMO 10016 10.3% 85.9 + 2.3
FMP 10017 9.47 78.9 +1.8

A



TABLE IIT

CHARACTERIZATION OF THE ORGANIC FRACTION OF CORE NO. 1
WELL 2/4-1AX, NORWEGIAN SECTOR, NORTH SEA
(SOURCE ROCK EVALUATION-ISOTOPIC ENVIRONMENT OF DhPOSITION)

Ratio(2)
Soluble
’ Organic . Eriractible 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, Organic . 13 Adsorbent. "~ ance, Environment ° Rock ,
Code Feet WtA%?ES Matter Wt %(l) BCPDB Wt % (3) 8CPDB Wt %(3) 8CPDB Wt %(3) 3¢ PDB 2 (4) OLP of Deposition Evaluation
FIM 5461 1.17 0.021 . 0,031 =24, i6 -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 =246 53 -23.0 91 . 1.660 ot
‘1.0 54,68 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 94 ‘1,654 8
FLQ 5475 1.15 0.008 0,012  -25.2 18 (5) 47 -25.2 35 -23.7 83 . 1.395 943
FLR 54,78 1.56 0.006 0,011  -23.9 16 . (5) . Lk -24.5 40 -22,6 95 (5) 24
FLS 5,81 1.11 0.013 - 0,018 -25.0 22 (5) 46 -26,0. 32 -23.3 96 1.668 o 5
FLT 5481 0.77  0.010  0.009  -24.8 .27 . (5) 37 =24 36 - (5) 104 - 1.686 R R é’g
FLU 54,87 1.20 0,010 0.015 -23.8 18 (5) 39 =243 43 -22.7 9 .. 2308 - o 7 ouwd
FLY 5490 1.18 0.009  0.014  =23.7 .23 (5) 37 -25.0 . 4O -23.5 99 . 1.83 ' - - § X
FLW 54,93 0.83 0.017 0,018  =25.3 . 34 -27.4 38 . -25.3 28 -4 78 - L1y o g . ‘d8m
FLX 5496 0.79 ©  0.010 0,010  -25.2 23 (5) 33 =25.1 44 - =234 . - 99 . 2.626 IR - R ,1f§ d
FLY 5499 0.73 0.008  0.007 -25.1 26 (5) 31 -25.9" 43 -24,.3 99 1083 R '3-5'3
 FLZ 5502 0.51 0.011  0.007 -26.1 26 - (5) 33 -25.9 41 -24.1 105 ©1.662 o AL
FiA 5505  0.63 - 0.020  0.015. -26.5 A7 -27.3° 30 ~25.5 24 -24.2 89 S 288(6) ‘ rex 0.
FMB 5508 0.69 0.010 0,008  -25.1 12 (5) = 36 -25.9 52 -24,2 93 (5) 23
FHC 5511 0.26 0.021 0,022  -25.2 26 (5) 33 -25.1 41 -24.,0 87 2.060(6) , ‘ '1

FMD ~ 5513 0.77  0.016  0.016 =243 16 (5) 83 -24.6 0.3  (5) L 12,724

t].’.) Of 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. . : -
(3) Of the total soluble fraction recovered from the silica gel adsorbent, o ' o ‘
(4) A few per cent usually are lost in handling. Low recoveries indicate the presence of . : j
highly polar substances unlike petroleum. :
(5) Fractions two small for determination.
(6) Values are approximate.
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CHARACTERTIZATION OF THE ORGANIC FRACTION OF CORE NO.v2
WELL 2/1,-1AYBNOR{EGIAN SECTOR, NORTH SEA- : .
(PRIMARILY INDIGENOUS OIL)

(2)

" Ratio
Soluble ! . .
: Organic : FExtractible 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 Pepth, Content, Organic X L3 Adsorbent . ance, Environment "Rock
Code  Feet - Wt %‘('53'3 Matter  wt g(1) OCPDB wy 303) 0% 33) OCPDB w, 203) 8CPDB % (1) OP ___ of Deposition Evaluation
FME - 10010 1.55 0.933 1. 807 -27.0 65 -26.8 31 -27.6 h -26.9 95 1.030

FUF 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 2.194 -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 9 1.042

F1J 10013 - 1.74 1197 2.603  =27.4 65  -27., 31  -27.0 4 —26.6 7 0.993 | o
FIMK ~ 10013.25 1.80 1,261 2.837 =27.4 65 -28.4 32 -26.9 3 -26.1 3 1.032 5 r R
FUL 1001,  1.6% 0.7,5 1.564  =27.2 66 -27.1 31 -27.2 3 -27.1 95 . 1l.010 & 890,
FMM 10015 0.98 0.906  1.110 -27.1 63 274 32 =264 4 -27.3 96 - 1.006 e S
FMN - 10015.75 1.04 1.044 1.358 -27.8 67 -28.1 29 -26.6 3 -27.3 9 - . 1l.011 e
FMO 10016 1.20 0.970 1.456 -28.2 64  -28.5 29 -27.1 7 -26.4, 95 1.002 )
FIP 10017 1.36 1,033 1,757 -27.6 66 -27.3 30 -26.8 3 =264 - 93 . 1,04k : l

(l) 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 soluble 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.
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" CHARACTERIZATION OF CRUDE OIL SAMPLES
' ‘FROM WELLS 2/L-1X AND -12X
NOSWEGIAN SECTOR, NOETH SZA

DepthVInterval

Ge ochen Branch Code

_.Gravity API
-Specific Gravity

at 60° F

~ Kinomatic Viscosity

Centistokes at
- 100° F
Alkanes (paraffins
plus naphthene
Per Cent, Wt/Wtii) |
"~ Carbon isotopic 13
conposition, SCPDB
Aronmatics
Per Cent, Wt /wt (1)
Carbon isotopic
composition,  SC
Asphaltics FDB
Per Cent, Wt/wt (1)
Carbon isotopic
composition, SCyh3
Nitrogen, Total
Per cent, Wt/wt
Sulfur, Total
Per cert, Wt/Wt
Nickel~In Solution

ppm
Vanadrun-In Solution

ppm

2/4-1X
T. D.
FLK |
21.1

0.927
663

38(2)
~27.5
50
~26.4,
12
-26.0
0.31
o
13.5
3.1

2/4-1AX
10363-10464"
FQH
36.4
0.843

1&06 ¢

69
-27.8
28

-26.0

~26.9
0.12
0.17
0.6
1.4

0il Extracted
From Core lto., 2

10010-10017'

| FRP
315
“0.87

185.6

75
-27.6
22
-27.1
3
-26.6
0.16
0.2
2.3
1.2 -

(1) Based on o0il equilibrated to atmospheric pressure, i.e.
approximately stock tank oil.
(2) Contdins very little n-paraffins in the clB'and higher
molecular weight range.
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COMPOSITION BY COMPONENT OF THE Cy THROUGH C3 FRACTION

OF THE FLUID FROM THE 10363 - 10464' INTERVAL IN
WELL 2/4-1AX, NORWEGIAN SECTOR, NORTH SEA

Gas (FQV)(l)

Carbon (1)
Iso&gplc Liquid (FQW)
Component, ‘Mol or Vol % Wt. & _OCppp Mol & Wt %
helium : . ‘

- carbon Dioxide 1.7 3.56 -1.68 0.35 0.09
nitrogen 0.23 0.31 - -
hydrogen Sulfide Trace Trace - -
methane _ 80.55 61.53 ~-41.5 7.96 0.78
ethane 9.81+ 11+009 ,"29-2 4090 ) . 0090
propane , 4.19 8.80 = -28.6 5.95 1.59
i-butane 0.55° 1.52 1.49. 0.53
n-butane - 131 3.63 L.75 1.68
i-pentane ' 0.31 1.07 2.27 0.99
n-pentane i 0.38 1.31 3.42 1.50

" hexanes 0.33 1.35, 7.52 3.93
heptanes-plus 0.61 2.85 61.39 88.02 -

(1) Geochemistry Branch Code letters -~ These sampleé were collected
in a Geochemistry Branch companion sample kit, Type A, at
separator temperature and pressure according to Method 67-1B.

Formation Fluid

Mol % Wt %
1.56 " 1.90

0.21 10,16

Trace Trace
72.89 32.34

- 9.31 7.75

4L.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,

67-6€2-17
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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/ - 1AX 7/11-1x 1) 7/11-2% ) ‘7/1-3x
Ratio (10363-10464')  (9440-10197')  (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 4.1 138.3 12,2
methane/n-butane S ' 8.5 | Wy 7.2

.

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

£9-6Ez-aT
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Figure 1 Concentration of Calcium Carbonate, Calculated From iHeasured Values
For Carbonate Carbon, and Fossils, Qualitatively Deuerm,med by
Inspection, Plotied Against Depth in Core 1 From Yell 2/4-1AX,
Norwegla.n Sector, North Sea,
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Figure 2 Concentration of Caleium Carbonate Calculated
From iieasured Values For Carbonate Carbon Plotted
R Against Depth in Core 2, Fron well 2/&—1AX,
Norwegian -Sector, lorth Sea.
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Carbon Isotopic Composition, 3C

 Er-239-£9

25 p—
- ’ ______ = R
-30
]
_35 —_—
-40 , :
A Well 2/L-1aX,
, . 10363-1CLELT
: — e — Average of 7/ll-lX
. ' o _and -2X tests(1)
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Figure 3.: Comparison of Carbon Isotopic Values of the Low iolecular
Weight Components of the Fluids From the Echofish and Cod
Structures,

(1) 5ee letter Er-23-69, Cod Structure-lorth Sea,-tay 19, 1969.
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Figure 4. Relation of Odd-Even Predominance to Carvon Number, i, e.,

to Molecular Vieight, of thz..n-Alkanes In Core 2 and In the
0il From the 10363-1046L4' Interval in Well 2/L-1AX,
.+ Norwegian Sactor, North Sea



