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Attention: H. H, Reikkila, Chief

In accord vith ?j». H. II. Heilddlr^s request to Ii>. 3). 77. V
Ko-vcnber. 3> "̂c nov have obtained niost of tho geocheaicrJL dat-a for ths snr.plea sub-
nitted fix.a l.ells Z/k-IJ. and z/h-UCL in the ilorwc;2an 2-cctor of tl» Ilorth Sei.
Dat̂ a e t i l l outstsndiii^ >.lll bo provided later. V.Q do not erooct, howover, thr.t
"these cLita vri-"ll a l te r our prcsen'; observations and cendusicryj. Ths inventory of
ftonples received snd used In the s tu i j are cwitained in AttacJrcenc 1.

Our obscrvatioriS and conclusions are &s :

1. Coro 1 frota the dspth interval 5461 to 5513 fset in I.'all 2/4-1'iX consists
of organic-rich fosn-njLfiggug^a^^Q sh-ilo. The carbon, isotopic cccpositioii,
boron concentration, si^s and frcfp^ntcl Chiractc-r of ti:e forci-ls, and
dcrth of ccr-rsc-̂ irsir.ed cl-^bics in-iiĉ .ts deposition veil offshore in
hypcrs-ilir-o t.'atcrc iath izodcratcly hi^h cr&rjj leveli such as the fl--I.s
of cui cierrent or ne^rlj cr.er^cnt salt structure, the crest of -which vis
stripped of previously ujv-osited shslo and bcoar'ie tho site of carbonate
deposition. The ozyjzsle fraction of the ehsle ccnprisir.3 tills core
indico.te3 osciJ-laticns in rates of dopesitien cud ecology, Eucixstir^
deposition over a ccncidDroble Interval of ti:;o. Cor; 1 represents a
formation in :;hich potroleu,^. is in an c:.rly strw^o c^ renesis. Tlisso
shales in the arc-i of '..ell 2jl?-!}Zi cciild have produce I "suall aciounts

d l i l d l i l ll l ( i d b h dof g25 sxid a. lir.aid oil idth a relatively
)

ali:or.og y
paraffin h^rlrccirbonø) fr.>etion, a high rrooorticn of n-^hthenic and
aromatic hj-^rccir^onc, and in iiitorrjcdiate oziourit of acph^ltic residue.
The oil reaoratin- potential of tids rode is sro^t, and in. o-ho? locations
in the besin -.here bura.̂ 1 has teen rrcn,ter or vhere uplift cccurrcå
sufficiently late tret eirth t&^.eritures vxre relatively hi^h for s.
lar^rc proportion of the past-dopocu-tior.al history, the portion of the
Hiddle llioccne rcp-recente-d by those cables cculd be e ĵ-ected to be a
prolific so-jirco of potrolex":.

2. Cora 2 frca the depth inter?-.! 10010 to 1CQ17 feet.in Veil l/h-VCl consists
of fins-vrrair.ed g'cxular u-jins HfjeGtor.a. The sice and dejree of prcccrv^tion
of the fossils, prc3sncc of fine cl^ctic in la-r ccrxentratiens, end the
precence of-'cuthi^crdc t^rrltc rjrA ;:l-.uccnite ir.dien.tc >i^

(jin quiet iuber__cufficic::tly belc.r -.?ave b-ne r^s to (ij be unaffected 'cj
tractive currerita, (a") jrcvent ccirdJiuticn cf fertile cr deat-ructicn cf
•wcr.:.. burrcs, and (c) pj-ecerve rcducirc coniiiiccs in. the bottou. waters.
The sito of deposition, ho*4;Bver, vzs dose enou-̂ ii to shore to have a
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significant component of s:.lt-sized elastics and fossil debris transported
to the site by uniform suspension currents in the overlying surface waters.

3. Petroleum constitutes the entire organic content of Core 2. The oil is not
indigenous, hence the formation in this depth interval nust be considered
a reservoir rather than a source rock.

4« The oil contained in Cora 2 is geochemically identical to the oil produced
from the depth interval 10363 to 10464T.

5. The gas fraction of the oil from the 10363 to IO464 foot interval correlates
chemically and isotopically with the gases obtained fron Well 7/ll-lX
(9440 to 10197 feet) and 7/11-2X (9932 to 10190 feet) on the Cod Structure.

6. The_oil from T.D. in Well 2/4-IX was generated in a source rock comparable
or identical to that encountered in Core 1 from the 5461 to 5513'depth
interval in Well 2/4-1AX. This oil is geochemically younger than tua oil
contained in Core 2 and obtained by production test of the IO363 to IO464
foot depth interval in the -1AX well.

7. The compositions of the gas and liquid phases and the computed formation
fluid of the production test at the depth interval 10363 to IO464 feet
in Irlell 2/4-1AX are contained in Table VI • The composition of the liquid
phase equilibrated to atmospheric pressure, i. e. corresponding approximately
to stock tank liquid, is contained in Column 2 of Table V . The distribution
of hydrocarbon constituents in the gas phase is normal, The non-hydrocarbon
constituents of the gas, namely carbon dioxide, nitrogen, and hydr"£^ stiLfids,
are low. Thgoil is highl.y saturated, i. e., high in -paraffins and napnthanes,
and .contains very little asphalt. Concentrations of combined nitrogen, solfur,
nickel, and vanadium are j.ow. The crude, therefore, constitutes a hi.«.h quality t\
refinery feed__stock. r — — //

8. The oil obtained at T.D,. in_V{ell2/4-IX, and to be expected 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:> IO464 foot depth
interval in If.'̂ll -1AX. This oil is highly aromatic °ni contains a considerable
amount of asphalt. Combined nitrogen and sulfur concentrations are intermediate;
th.3 nickel concentration is quite high. This_ crude, therefore, is of lower
^quality than l.hat icroduceA fromjtha deeprrTnterval.

9. Identification of the source rock for the oil contained in Core 2 and
produced from the 10363 to IO464 foot depth interval 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-prcducing potential cf this part of the basin.

The data upon which the above conclusions are based are contained in Attachments
2 and 3, Tables I - VII, and Figures 1 - 4 . Basic concepts and interpretations used
to arrive at conclusions stated sbove are discussed in the remainder of this letter.
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Detailed mineralogi cal data f nr C.or?l J^in Well 2/4-1AX are given in Tables I
and II and the lithologic descriptions of the samples are givan in Attachment 2.
This core consists of soft gray clay shale with moderately varying fossiliferous
and calcareous content. A number of factors dictate a marine environment of_depqsiticn_,
naraely (l) fauna, (2) high concentration of the trace element boron as shown in tht
last column of Table I, (3) carbon isotopic composition and abundance of calciun
carbonate (calcrte) shown in the upper half of Table II, and (4) the carbon isotopic
composition of the organic fraction shown in Table III. Briefly, carbon isotope
values less than -30.0 are taken as indicating a fresh water origin for the organic
matter; -30.0 to -29.0, brackish; and more than -29.0, marine. Except where there
is major transport or organic matter, such as by turbidity currents, the environment
as derived for the organic fraction is synonymous with the environment of deposition.
As a quantitative indicator of salinity, 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 boundary between brackish and mau-ne* environments. In Core 1, the
boron concentrations correspond to eight to twenty times the normalized illite concen-
trations. These high values are believed_to_indicate ^at_the_water_bo.dy.in whinh the
shales accumulated was hypersaline. The occurrence of echinoid spines in random
orientation wTEK~~some perpendicular to the bedding plang, in at least one sample indicates
that deposition occurred rapidly. The dearth of coarse-grained elastics would seem to
indicate that t.hesa. shalr.B were deposited in quiet water. However, the presence of
broken shell fragments and of spines 8 mm in length which were transported to the site
of deposition after disnerr.bemenc of the skeleton of the organism would indicate that
the energy level in the environment was moderately high and that the fine-srain size of
the inorganic detritus might, mean that no coarse-grained material was available. The
Ijmost probably environment consistsnt with hype r salinity, fine £;rain size, andjnarine
| fossils_would be in the lee of an areally extensive, but not necessarily emergent,
I offshore bar considerable removed from a source of continentaUy derived elastics.
Such an environment would be consistent with the clay mineralogy listed in Table I
and with the carbon isotopic composition which indicates'that practically no terreståal
organic matter is present. This environment also would be consistent with the occurrence
of a dolomite faciss at this horizon in the 2/4-1X t'.'ell only a kilometer away, and with
the uniformity suggested by seismic data from this horizon.

A probable model that would satisfy all uhese data ard interpretations is a
lar.̂ e salt structure well offshore the crest of which had been uplifted to n?.a.r sea
level by Middle Miocene. The shale previously deposited in this originally quiet
water environment would have been removed from the crest and redeposited on the flank.
At the surf zone broken shells and echinoid spines would have been mixed into the shale.
Cprbonates deposited on the crest of the structure would have been dolomitised in the
shallow hypersaline water and tongues of undolomitizied carbonate would interfingsr with
the shales-in deeper water as is shown by the logs of carbonate content and fossil
consent in Figure 1. As shown by the good correlation between these logs the calcareous
fossils are partially responsible for the peak carbonate concentrations despite the fact
that calcite crystals also are present. The crestal carbonates would_hayg.Jiad_ .adequate
porosity to have held the quantit;r of oil produced during the early stages of petroleum
genesis in the shales on the flanks of tne salt structure.



Mr. T. J. Jobin. ^ V B f Er-239-b9
December 24, 1969 Page 4

Mineralogic data for Core 2 are given in Tables I and II and the Hthologic
descriptions in Attachment 3« In general this core consists of fine grained
granular marine limestone. The high concentration of quarts 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 contained in the core is
not indigenous the carbon isotopic values shown 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 JJI 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*.the 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 r1.ata suggest an^enyiyonment ofJrødjsrjitej^jrA^nd^
from shore. The presence of authigenic pyrite and glauconite in the core indicates
that the bottom waters were reduc:_ng and hence sufficiently deep to be relatively
unaffected by the surface turbulence which introduced the transported material. The
well site thus was considerably seaward of wave bage_ so that no tractive current
deposition occurred and sufficiently far from this turbulent zone that carbonate
deposition far exceeded deposition from uniform suspensions in the surface waters.
Absolute distance from shore or depth of water cannot be assigned without information
on ihe seaward dip of the sediment-water interface, whether or not there is a sharp
break in this slope, or whether the energy level in the water between the well site
and the shoreline.

Data pertinent to source rock evaluation of Core 1 in 2/4-1AX is contained in
Table III., The procedure used forJBcognition of source rocks has been discussed
previouslŷ •*•'. The organic content for all 18 samples from this core fall vdL>m
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
indigenous to the rock. The high recovery fron the silica gel absorbant indicates
that normal petroleum genesis is underway. The odd-sven predominance or OEP values
are higher than would be expected for a mature source rock, i. e., a rock in which
maximum petroleum ger^sis has occurred and from which the petroleum has subsequently
migrated. Those sections 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
sat'irated hydrocarbon, aroma tics and asphaltics contained in the extract any crude
accumulated from the rock would be 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 2/4-1AX is given in
Table IV. Only a few per cent of the organic matter deposited in a source rock and
which survives geologic time is converted to petroleum. The remainder is converted to
a dark brown to black amorphous insoluble substance known as kerobituman. The fact
that the ratio of soluble organic matter to total organic natter_for all twelve ̂ amples
^gg^Jjore ^ arg_ close to unity IH^clÆeTTnaT^Ehe organic maWer~"cb"ntained "in thTs~cqr"e
is present almost entirely as petroleum which could not have_been^eiierated_in the rock
B i ^ ? T another source. Core 2 therefore must be considered a
reservoir rather than a source rock. The odd-even predominance, i. e. OSP, values
close of unity indicate a mature oil probably derived frcm a source rock in which

(1) Letter Er-132-69 to D. W. ViUiams, dated August 12, 1969
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g'ci r^n^sis i s v^l l cdvoncd. Ths uniformity in tho ccr:ositior.al ar.d isoioi ic
values for th"; satnratoi uydrcco.:\.cxi, arcr-atic cr.3. as^haltic f .-actions are consistent
v i t a tho concept that th3 o i l haa nitrated into the rock. Iho properties of the
confined actract are riv n in t ' u les t colu~.n of Icbl^ V. Th-> values correspond
closely to thooe for the o i l d^rr-vd by production te3t froi t V 10363 to 101,64 foot
interval . Evaporation l o o " s durin- extraction can eacily £•-» ^t for tho scnr-.ihat
lo>."3r API gravity, highsr specific gravity and hi^h^r visco-ity. A comparison of th3
odd-oven prsdo-^inarca, 0 ?, as a function of cai'bon nunib^r for the rock extract end
for the crude o i l i s sho'.m in Fi^ura 4« I'he correlation coefficient for these t".;o
curves i s 0.743 lrf-th IS d°sreaa of frecdon. Si^rificarice on "t" Test i s bet ter than
99.? per cent, i . e . , th^re i s l^ss than one chance in a thousand that the correlation
^bservod brt^fcen those t'-ro curve 3 i s by accident, therefore i t i s concluded that the
o i l in the rock and produced on ';^st i s as vould bo er.p<=ctsd, Identical.

The corapon^nt composition of th3 Icr nol??cular wsi^hb fraction of tl*s gas
fron the production tes t and the carbon isotopic values for th-o f i r s t several ae-obers
of the hydrocarbon series ars provided in TablCT VI. In Tabl? 711 ar3 provided the
rat ios of the najor constituent, nsthane, to tho next four members of the hydrocarbon
eeries and these valuts compared vri-th tha values for the gas samples frca Ii'ell 7/ l l- lX,
2X and %i on the Cod Structure. The rat ios foi the gas from Voll 2/4-1AX correlate with
thoss for the gases fron 'Jails 7/U-1X ard 2X, but differ considerably frcs tha rat ios
for the gas phase obtained fron .Tsll 7 / l l -3^ . Tho isotopic data plotted in Figure 3
provide additional support for th i s conclusion.

Identification of the source rock for the deep production in Well 2/4-lAX
was not possible fron. t in sanyl"S provided. Identification of the source rock,
detemination of i t s productivity in terras of o i l j-msratcd erd irl^rat^d, i t s volume
and aresl distribution, would provide an indicate:.' of the p?trolcm-rrcducing potential
of this part of the basin. Sonrl°s of l ikely source rocks froa the present and/or
future vell3 vould be required. Pieces of core such as those provided fron Cores 1 ar.d 2
in the 1AX well are ideal . Good side-.rall cores also can be used.

Original Signed By
J . GCRDO J ERDMAH

JGE:K f] 0 J . Gcrdcn Erdxf]
IL

Attachments 3, Tables 1, (v 4 /
Figures 4 ^ ' \
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Attachment 1

Inventory of Samples Received and Used In The Study

1. From Well 2/4-1X. Oil sanple from. TD collected at atmospheric pressure.
Transmitted by \. T. Crurap (SB-010-69). Received November 1, 1969.
Assigned Geochemistry Branch Code FLK.

2. From Well 2/4-1AX

(a) Eighteen rock samples from Core 1 at depth intervals fron 5461 to 5513T.
Transmitted by H. H. Heikkila (NOB-164-69). Received November 11, 1969.
Assigned Geochemistry Branch Code letters Fill through FIID.

(b) Twelve rock sanples frcm Core 2 at depth intervals fiom 10010 to 10017».
Transmitted by H. H. Heikkila (NOB-164-69). Receivec November 11, 1969.
Assigned Geoche-nistry Branch Code letters Flffi through FIIP.

(c) Companion gas-liquid sanples collected using Geocheiustry Type A kit arid
Method 67-1B. Transmitted by A. T. Crump (GIVTB/GJ-O94/^9). Received
December 8, 1969. Assigned Geochemistry Branch Code letters FQV (gas)
and FQV (liq.).

3. Fron Uells 7/ll-lX, 2X and 2X. See ny letters Er-83-69 dated llay 19, 1969 and
Er-132-69 dated August 12, 3969 both to D. W. Williams.
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Attachment 2

Iithological Description of Core No. 1
Well 2/4-1AX. Norwegian Sector. North Sea

Geochem.
Branch
Cede

FLM - Depth 54él feet. Olive gray (51 4/l), soft, calcareous, micaceous, fossiliferous,
well-bedded clay shale -with greasy luster and soapy feel; contains a few
minute carbonaceous and biotite flakes; nicrofossils ars fairly well-preserved
and consist of minute broken valves, fora~Lnifera tests, and spines; the
spines have both hollow ar.d solid cores and the hollou ones are somewhat
flattened, and the longer spines, up to 8 na in length, are generally
striated along their length.

FLN - Depth 54^6 feet. Dark greenish gray (5GY 4/l), soft, non-calcareous, micaceous,
sparsely fossiliferous, w«U-bedded clay shale with greasy luster and soapy
feel; contains minute black flecks and reddish brown bl-sbs of organic rratter;
the microfossils are not as conmon as in Sanple FLM and consist predominately
of minute, tapered, chitinous spines.

FLO - Depth 5468 feet. Olive gray (51 4/l) shale, identical to Sanple FIN except
that no microfossils were observed and the mica flakes are larger, ranging
up to 0.3 mm in diameter.

FLP - Depth 5472 feet. light olive gray (5T 6/l) shale, identical to Sample FLO
except that mica flakes are not as conmon. and are considerably smaller.

FLQ - Depth 5475 fert. Greenish gray (5GY 6/1), soft, slightly calcareous and mica-
ceous, somewhat carbonaceous, fossiliferoj.s, well-bedded clay shale with a
greasy luster and soapy feel; the carbonate occur-s as minute, unifornly-
distributed calcite crystiJ-s; minute spherules of psilor.elane and pyroiusite
occur with the carbonaceous natter and apparently has replaced some of the
organic matter.

FLR - Depth 5478 feet. Olive gray (5Y 4/l), soft, slightly calcareous and micaceous,
fossiliferous, well-beddea clay shale with greasy luster and soapy feel; a
few of the mica flakes are biotite; the rzicrofossils consist of foraminifera
tests and minute spines of unkno-.m affinity, both of which cotmonly hav=s
hollow interiors partially filled with minute spherules of pyrite, psilonelane,
and pyroiusite; the minute fragments of carbonaceous matter commonly are covered
with framboidal psilomelane.

FLS - Depth 5481 feet. Olive gray (5Y 4/l)5 soft, calcareous, micaceous, fossiliferous,
well-bedded clay shale wi-,h greasy luster and soapy feel and many indistinct
sHckensided surfaces; the foraninifera, and particularly the globigerina,
are exceptionally uell-proserved, with transparent punctate test walls; nost
of the tests are partially filled t/ith narrate spherules of pyrite and
psilonelane; minute spherules of psilo-elane are also associated with the
few small flakes of carbonaceous matter present.

FLT - Depth 54S4 feet. light olive gray (51 6/l) shale, identical to Sample FLS
except that it is more calcareous and foraziinifera tests are more abundant.
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FLU - Depth 5487 feet. Dark greenish gray (5GY 4/l) shale, identical to Sample FLS
except that it is more fossiliferous and contains numerous spines in addition

- % to foraminifera; the spines are probably from echinoids and most are poorly
preserved, however a few cf the longer ones, up to 2 ram in length, are
pyritized and exceptionally well preserved; the longer spines have hollo1.r cores
containing snail quantities of framboidal psilomelane; these spines are of
uniform diameter throughout their length with cellular -.-rail construction
and a fine linear striae; in addition to the numerous spines and foraminifera
tests, a few wafer-shaped microfossils and fragments of minute bivalve shells
also are present; the wafer-shaped fossils are reddish-brown with irregular,
undulating surfaces and apparently havs been partially altered to organic
matter; the shall fragments are poorly preserved and replaced by limonite but
have retained concentric growth lines in the unibo area.

FLV - Depth 5490 Feet. Greenish black (5G 2/l), soft, slightly calcareous and
carbonaceous, micaceous, fossiliferous, well'-bedded clay shale with greasy
luster and soapy feel and poorly-defined slickensides; the microfossils
commonly have hollow interiors partially filled \rith framboidal psilomelane
and pyrite; pyrite also occurs as minute crystals on bedding planes.

FLW - Depth 5493 feet. Dark greenish gray (5GY 4/1) shale, identical to Sample FLV
except that slickensides are less common and minute blebs of reddish-brown
viscous organic matter are present; the viscous matterial occurs in rounded
blebs approximately 0.3 me in diameter and fluoresces yellow under ultraviolet
light; this substance appears to have formed in situ from the alteration of
the wafer-shaped microfossils described in Sample FLU.

FL£ - Depth 5496 feet. Olive gray (5Y 4/l) shale, identical to Sample FLV except
that it is more calcareous and lacks blebs of reddish-brown liquid, although "
blebs of reddish-bro-.m solid organic matter up to, 0.3 mm in diameter are
distributed throughout the sample; spines are coinnionly pyritized and minute
spherules of psilomelane pyrite and pyrolusite are present in the cavities
of microfossils and in intimate association with carbonaceous fragments.

FLY - Depth 5499 fe<~c. Olive gray (5Y 4/l) shale, identical to Sample FLX except
that it lacks the small reddish-brown blebs of organic matter.

FLZ - Depth 5502 feet,. Yellowish gray (5Y S/l), medium hard, slightly calcareous,
slightly micaceous, silty, fossiliferous, well-bedded clay shale with poorly
developed slickensides; the microfossils are poorly preserved and consist
predominantly of fragmented spines altered to psilomelar.ej pyrite occurs as
minute crystals in trace amounts throughout the shale; minute carbonaceous
fragments and blebs of reddish-brown organic matter also are present; silt-
size quartz grains are rounded to subrounded and fairly well-sorted.

FMA - Depth 5505 feet. Olive black (5Y 2/l), soft, somewhat plastic, non-calcareous,
slightly micaceous and silty, slightly fossiliferous,-well-bedded clay shale
with greasy luster, soapy feel, and well-developed slickensides; the slicken-
sided surfaces indicate that 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 throughout; silt-size
quartz grains are rounded to subrounded and fairly well-sorted.
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FMB - Depth 5508 feet. Light olive gray (5Y 6/l) shale, identical to Sample FIIA
except that the shale is calcareous and microfossils ar« more common and better
preserved; some of the reddish brown blebs of solid org;uiic matter in this
sample have been deformed by movement alcng the slickenoided surfaces.

FMC - Depth 5511 feet. Olive black (5Y 2/l) shale, identical to Sample FMA except
that the shale is slightly calcareous and spines with solid and hollov; centers
up to 4 ram. in length are present: the spir.es lack ornamentation and are
generally replaced with li~onite; sorr.e of the hollow types are partially
filled v/ith psilonelane and pyrite spherules; minute valves with undulose
surfaces and concentric gro-.-.-th lines in the umbo area also are present; wafer-
shaped microfossils like those described in Sample FLU have been altered to
reddish brown solid organic matter distributed thro1! spoilt the sample.

FMD - Depth 5513 feet. Olive gray (51 4/l) shale, identical to Sample FLZ except
that miciofossils are more abundant and better preserved and the shale is
more calcareous; orientation of some of the small delicate spines up to 1.5 mm
in length perpendicular to the bedding planes suggests that deposition must
have been consistently rapid during deposition of the interval sampled.
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Lithological Description of Core No. 2
Well 2/4-lAX:, Norwegian Sector, North Sea

*
Geochem.
Branch
Code

Flffl - Depth 10010 feet. Yellowish gray (5Y S/l), nedium hard, massive, very fine-
grained, granular, slightly fossiliferous, limestone; raicrofossils consist of
sparse, fairly well-preserved, calcareous, translucent foraninifera tests
partially filled with minate psilomelane and pyrite crystals, apparently
replacing the soft parts of the organisn; pyrite also occurs as minute cubes
uniformly distributed throughout, and fine- to mediun-grained sparry calcite
crystals are similarly disseminated; the few silt-size quartz grains present
axe rounded to subrounded and fairly well-sorted.

FMF - Depth 10011 feet. Yellowish gray (51 ?/l) limestone, identical to Sample FKE
except that a 0.7 nun-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 forarainifera
and as a replacement of a few minute spines.

FMG- - Depth 10012 feet. Yellowish gray (5Y g/l) limestone, identical to Sample FMF
except that considerably more spines are present with rrany ranging up to 2 mm
in length: a few of the spines are pyritized but most have been dissolved
leaving only external molds which contributes significantly to the porosity;
pyrite occurs in trace airounts as disseminated crystals and as fillings in
minute organism trails and burrows; tråe0" of glauconite and silt-size, sub- •
rounded quartz grains also are present.

FMH - Depth 10012.25 feet. Yellowish gray (51 8/l) limestone, identical to Sample
FMG except that it is softer and somewhat coarser graired, glauconite is more
common, spines are considerably more numerous, a trace of muscovite is present,
and minute, soft, black flakes of carbonaceous matter are distributed throughout;
spines have contributed significantly to the vuggy, 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/l) limestone, identical to Sample
FMH except that glauconite is slightly more abundant and minute cubes of
pyrite are distributed throughout.

FKJ - Depth 10013 feet. Yellowish gray (5Y 8/l) limestone, identical to Sample Fill
except that glauconite occurs only in trace amounts, pyrite is less ccrzaon,
arid the grain size is socewhat 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 FMH.

- Depth 10013.25 feet. Yellowish gray (51 8/l), medium hard, very fine-grained,
granular, slightly fossiliferous limestone with several planar 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 organic 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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yellowish gray, portion of the sample is similar to Sample Fi-IJ 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.

FML - Depth 1001A. feet. Yellowish gray (5Y o/l), medium hard, massive, very fine-
grained, granular, fossiliferous limestone; well-preserved, calcareous,
translucent foraminifera tests provide good vuggy porosity even though
minute spherules of pyrite and psilomelane partially fill their interiors;
a few spines also are present; muscovite and glauconite occur in trace
amounts throughout.

Fi-D-I - Depth 10015 feet. Yellowish gray (5Y 8/l) limestone, ic.entical to Sample FML
except that it is somewhat coarser grained and contains small euhedral
crystals of polysynthetically twinned sparry calcite distributed throughout;
foraminifera are generally poorly preserved, some having been completely
replaced by sparry calcite and seme having b'een dissolved and their external
molds lined with drusy calcite crystals; several very snail fractures also
are lined "with minute crystals of euhedral calcite; all spines have solid
cores; ninute pyrite crystals are distributed throughout and drusy pyrite
with psilomelane occur as replacement of carbonaceous matter and as fillings
in minute organism trails and borrows; muscovite flakes and glauconite grains
occur in trace amounts.

FMN - Depth 10015.75 feet. Yellowish gray (5Y 8/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; minjte pyrite crystals closely associated with psilomelane
spherules and medium-grained euhedral marcasite occur in fine anastomasing
filaments on bedding planes and probably represent worm trails.

FMO - Depth 10016 feet. Yellowish gray (5Y 8/l) limestone, identical to Sample FML
except that it is somewhat softer.

FMP - Depth 10017 feet. Yellowish gray (5Y 8/l), 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 throughout; the blebs are probably replacements of organic
matter; the microfossils arc poorly preserved and commonly replaced by sparry
calcite.



Geochem
Branch
Code

FLM
FLN
FID
FLP
f'LQ
FIR
FLS
FLT
FLU
FLV
FLW
FLX
FLY
FLZ
FIIA.
FMB
FMC
FMD

FME
FMF
FUG
FMH
FMI
FMJ
FMK
FML
FiiM
FUN
FliO
FMP

r

Depth,
feet

5461
5466
5468
5472
5475
5478
5481
5484
5487
5490
5493
5496
5A99
5502
5505
5508
5511
5513

10010
10011
10012
10012.25
10012.75
10013
10013.25
10014
10015
10015.75
10016
10017

Quartz

M
M
M
M
M
M
M
P
M
M
M
M
M
M
M
M
M •
M

M
M
P
P
P
P
P
P
P
P
P
P

Calcite

P
P
P
N
P
P
M
M
P
P
M
P
M
P
N
M •
P
M

M .
M '
M
M
M
M
M
M
M
M
M
M

Whole

Feldspar

P
P
P
P
P
P
P
N
P
P
P
P

': P
* p

p
p
p
•p

N
N
N
N
N
N
N
N
N
N
N
N

Mineralogy

Rock

Illite

P
P
P
P
P
P
P
P
P
P
P -
P
P
P
P
P
P
P

N
N
N
N
N
N
N
N
N
N
N
N

Well

TABLE I

by XW&y Diffraction of Core Samples
2/4-1AX, Norwegian

Unidentified
Kaolinite Clay

P
P
P
*
P
?
P
P
P
P
P
P
P
P
P
P
P
P

P
P
P
P
N
N
P
P
P
P
N
P

Core 1

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Core 2

' N
N
N
N
N
N
N
N .
N
N

Sector.

Other

N
N
N
N
N
N

Chlorite
• N

N
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
N

N amphibole
N N

North Sea
3 From™

Quartz Calcite

P
P
P
P
P
P
P
P
P
P
P
P
P
P
N
P
P
P

M
M
M
M
M
M
M
M
M
M
M
M

P
N
N
P
P
P
P
P
P
P
P
P
P
P
N
P
P
P

M
M
M
M
M
M
M
M
M
M
M
M

Clay Size

Feldspar

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

N
N
N
N
N
N
N
N
N
N
N
N

Fraction -
Normalized Clay

Illite

20
25
20
15
15
15
10
20
20
20
15
15
20
20 '
20
10
10
10

N
N
N
N
N
N
N
N
N
N
N
N

Content (%)
Mineral

Montmoril-
2 Kaolinite

25
20
20
25
15
15
15
20
10
15
15
10
15
15
20
20
25
20

P
P
N
N
P
P
P
P
P
P
P
P

lonite

55
55
60
60
70
70
75
60
70
65
70
75
65
65
60
70
65
70

N
N
N
N
N
N
N
N
N
N
N
N U™

>

*

3o
Coi

Other (m

N
(1)

N
N
N
(1)
N
(1)
N
N
N
N
N
N
N
N
M

N ,
N
N
N
N
N
N
N
N
N
N

> 2
2
2

• 21
2C
It

> 2;
2:
2.
2;
Z
2:
2,
1(
2C

. It

t!
r

r
*C

C

1C
1:
t

dentiflea ]_;
clay

M indicates major component; N indicates not detected; P indicates present

(l) In -erlayered montmorillonite chlorite
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TABLE I I

COMPOSITION OF CALCIUII CARBONATE AND ITS CARBON ISOTOPIC COIIPOSITION
IN CORES 1 AND 2,

\E,IL 2/4-1AX, N0PTSGIAN SECTOR. rOP.TH SEA

Geochemistry
Branch
Code

FLM
FLN
FLO
FLP
FLQ
FIB

* FLS
W FLT

FLU
FLV
FLVf
FLX.
FLY
FLZ
FMA
FMB
FMC
FMD

Depth
Interval,
feet

5461
5466
5462
5472
5475
5478
5481
5484
5487
5490
5493
5496
5499
5502
5505
5508
5511
5513

Carbonate
Carbon
Wt %

CORE

0.71
0.07
0.04
0.06
0.45
0.36
1.38
3.26
0.S9
0.46
0.95
1.01
1.29
1.26
0.04
1.54
0.98
1.63

Calcium
Carbonate
Wt %

1

5.9
0.6
0.3 ,
0.5
3.6
3.0
11.5
27.2
7.4
3.8
7.9
8.4

10.8
10.5
0.3
12.8
8.2

13.6

Carbon Isotopic
Composition
8c13
0CPDB

+ 2.6

CORE 2

FME
FMF
FKG
FMH
FMI
FMJ
FMK
FHL
FMM
FMI
F1-I0
FMP

10010
10011
10012
10012.25
10012.75
10013
10013.25
10014
10015
10015.75
10016
10017

8.64
8.25
9.31
9.62
9.71
10.74
9.55
9.27
9.24
9.13
10.31 '
9.47

72.0
68.8
77.6
80.3
80.9
91.2
79.6
77.3
77.0
76.1
85.9
78.9

+ 2.0
+ 2.3
+ 0.8
+ 1.6
+ 2.9
+ 0.9
+ 2.2
+ 2.7
+ 0.8
+ 2.5
+ 2.3-
+ 1.8



TABLE III
CHARACTERIZATION OF THE ORGANIC FRACTION OF CORE NO. 1

WELL 2/4-1AX, NORWEGIAN SECTOR, NORTH SEA
(SOURCE ROCK EVALUATION-ISOTOPIC ENVIRONMENT OF DEPOSITION)

Geochem-
istry

Branch
Code
FI1-I

i FLN
H-'LO
r F L P

FLQ
FLR
FLS
FLT
FLU
FLV
FLW
FLX
FLY
FLZ
FMA
FMB
FMC
FMD

Depth,
Feet
5461
5466
5468
5472
5475
5478
5481
3484
5487
5490
5493
5496
5499
5502
5505
5508
5511
5513

Organic
Carbon
Content,
wt #ti;

1.17
0.96
1.05
1.43
1.15
1.56
1.11
0.77
1.20
1.18
0.83
0.79
0.73
0.51
0.63
0.69
0.S6
0.77

Ratiov~'
Soluble
Organic
Matter
Total
Organic
Matter
0.021
0.019
0.016
0.010
0.008
0.006
0.013
0.010
0.010
0.009
0.017
0.010
O.dO8
0.011
0.020
0.010
0.021
0.016

Total
Ey'oractible

Soluble

wt fV •
0.031
0.0°3
0.021
0.018
0.011
0.011
0.018
0.009
0.015
0.014

. 0.018
0.010
0.007
0.007
0.015
0.008
0.023
0.016

gc13 •
PDB '

-24 .1
-24.3
-24.4
-24.3
-25.2
-23.9
-25.0
-24.8
-23.8
-23.7
-25.3
-25.2
-25 .1
-26 .1
-26.5
-25.1
-25.3
-24.3

Organic
Saturate
Fraction

(3)
Wt %UJ

18
15
12
16
18
16
22
27
18

. 23
34
23
26
26
47
12
26
16

Sc"
PDB

-27.3
(5)
(5)
(5)
(5)
(5)
(5)

• ( 5 )
(5)
(5)

-27.4
(5)
(5)
(5)

-27.3
(5)
(5)
(5)

Matter
Aromatic
Fraction

Wt # u '
32
32
29
43
47
44
46
37
39
37
38
33
31
33
30
36
33
83

\ Sc1^
' PDB

-25.6
-24.6
-25.4
-24.5
-25.2
-24.5
-26.0.
-24.4
-24.3
-25.0
-25.3
-25.1
-25.9
-25.9
-25.5
-25.9
-25.1
-24.6

Asphaltic
Fraction

Wt %U}

50
53
59
41
35
40
32
36
43
40
28
44
43
41
24
52
41

0.3

gc13
PDB

-?3.0
-23.0
-23.2
-22.7
-23.7
-22.6
-23.3
(5)
-21.7
-23.5
-24.4
-23.4
-24.3
-24.1
-24.2
-24.2
-24 .0

(5)

Recovery from
S i l i c a Gel
Adsorbent.

% (4)
91
91
93
94
83
95
96

104
94
99
78
99
99

105
89
93
87
94

Odd-Even
Predomin-

ance,
OEP

1.688
1.660
2.086
1.654
1^395
(5)
1.668
1.686
2.308
1.863
1.417
2.626
1.783
1.662
1.288(")

f / \
2.060(o)

12.724

1) 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.
(4) A few per cent usually are lost in handling. Low recoveries indicate the presence of

highly polar substances unlike petroleum.
(5) Fractions two small for determination.
(6) Values are approximate.

Indicated
Isotopic Source

Environment ' Rock
of Deposition Evaluation

us

5

O -P
co a}

U
c a
3 d>

a> o

H ,5 'H

O

& o o

I



Geochem-
istry
Branch
Code
HIE
KKF
FMG
FMH
FMI
FKJ
FMK
Ft IL
FMM

FMO
FKP

Depth,
Feet
10010
10011
10012

10012.25
10012.75

10013
10013.25

10014
10015

10015.75
10016
10017

Organic
Carbon
Contend,
Wt

1.55
1.65
1.59
1.44
1.39
1.74
1.80
1.6*
0.98
1.04
1.20
1.36

CHARACTERIZATION OF THE ORGANIC FRACTION OF CORE NO.
WELL 2/4-lA^NOENEGIAN SECTOR, NORTH SEA

(PRIMARILY INDIGENOUS OIL)

Soluble
Organic
Mat te r
To ta l
Organic
Matter
0.933
0.860

.104
0.915
0.969

.197

.261
0.7^5
0.906
1.044
0.970
1.033

Extractible Organic Matter
Total
Soluble

Saturate
Fraction

Aromatic
Fraction

Asphaltic
Fraction

1.757

-26.9
-26.6
-26.2
-27.3
-26.7
-26.6
-26.1
-27.1
-27.3
-27.3
-26.4
-26.4

Recovery from
Silica Gel
Adsorbent •

(4)%
95
97
99

100
96
f 7

95
96
96
95
93

Odd-Even Indicated
Predomin- Isotopic Source

ance, Environment 'Hock
OEP _ of Deposition Evaluation

1.030
1.033
1.019
1.011
1.042
0.993
1.
1,
1,
1.
1.
1.

032
010
,006
,011
,002
044

<D

u

0)
CJ

+•" W U
0 3 3
c o o
0 1 <1> O
rl

H
•H a o
O -H K

O
i-,

i

(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 soluble traction recovered from the silxca gel adsorbent.
(4) A few per cent usually are lost in handling. Low recoveries indicate the

presence of highly polar substances unlike petroleum.

1



TABLE V
CHARACTERIZATION OF CRUDE OIL SAMPLES

FROM WELLS 2/4-1X AND -1AX
NORVÆGIAH SECTOR, NORTH SEA

Well

Depth Interval

Geocheni Branch Code

Gravity API
Specific Gravity

at 60° F

2/Z.-1X

T. D.

FLK

21.1

0.927

2/4-1AX

1O363-1O464'

FQW

36.4

0.843

Oil Extracted
From Core No. 2

10010-10017'

FEP

31.5 '

Kinomatic Viscosity
Centistokes at
100° F

Alkanes (paraffins
plus naphthenes)
Per Cent, W t M ^ 1 '
Carbon isotopic ..
contposition, ^

Aroniatics , .
Per Cent, Wt/WtU<'
Carbon isotopic ..
composition, ^

Asphaltics
Per Cent, W
Carbon isotopic
composition, S

Nitrogen, Total

Per cent, V.rt/Wt
Sulfur, Total
Per cent, VTt/v/t

Nickel-In Solution
ppm

Vanadrum-In Solution
ppm

663

38(2)

-27.5

50

-26.4

12

-26.0

0.31

0.72

13.5

3.1

4.6 '

69

-27.8

28

-26.0

3

-26.9

0.12

0.17

0.6

1.4

185.6

75

-27.6

22

-27.I

3

-26.6

0.16

0.24

2.3

1.2

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

(2) Contains very little n-paraffins in the C-jo and higher
molecular weight range. „„,,



TABLE VI '

COMPOSITION BY COMPONENT OF THE C1 THROUGH C3 FRACTION
OF THE FLIID FROM THE IO363 - 10464' INTERVAL IN

WELL 2/4-1AX, NORWEGIAN SECTOR, NORTH SEA

Gas (1)

Component

helium
carbon Dioxide
nitrogen
hydrogen Sulfide
methane
ethane
propane
i-butane
n-butane
i-pentane
n-pentane <
hexanes
heptanes-plus

Mol or Vol %

1.7
0.23
Trace
80.55
9.84
4.19
0.55
1.31
0.31
0.38
0.33
0.61

Wt. %

3.56
0.31
Trace
61.53
14.09
8.80
1.52
3.63
1.07
1.31
1.35,
2.85

Carbon
Isotppic

-1.68

-41.5
,-29.2
-28.6

Total 100. 100. -38.0

Liquid (FQW)
Mol % \l\

(1)

0.35 0.09

7.96
4.90
5.95
1.49
4.75
2.27
3.42
7.52
1.39

0.78
0.90
1.59
0.53
1.68
0.99
1.50
3.93
88.02

Formation Fluid
Mol %

1.56
0.21
Trace
72.89
9.31
4.38
0.65
1.67
0.52
0.70
1.09
6.48

Wt %

1.90
0.16
Trace

32.34
7.75
5.34
1.04
2.69
1.03
1.40
2.59
42.28

t

100. 100. 100. 100.

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

7
VjO

vO



TABLE VII

COMPARATIVE VALUES OF THE RATIOS OF METHANE TO HIGHER HOMOLOGS
FOR FLUIDS FROM THE ECHOFISH AND COD STRUCTURES

NORWEGIAN SECTOR, NORTH SEA

Ratio

methane/ethane

methane/propane

met hane/i-but ahe

methane/n-but ane

2/4 - 1AX
(10363-10464')

8.2

19.2

146.4

61.6

Mol Basis

Well Designation

7/11-lX a)

(9440-10197')

12.4

30.6

144.1

83.5

7/11-2X (1)

(9932-10190';

11.0

26.1

138.3

74.4

' 7/11-3 x u ;

(10125-10145')

2.0

2.3

12.2

7.2

t

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

t
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Figure 1 Concentration of Calcium Carbonate, Calculated Fron Measured Values
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Inspection, Plotced Against Depth in Core 1 From Veil 2/4-lAX,
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Figure 2 Concentration of Calcium Carbonate Calculated
Froa ileas-ired Values For Carbonate Carbon Plotted

.t Against Dspoh in Core 2, Fron Uell 2/4-1AX,
Norvregian Sector, North Sea.
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Figure 3.. Comparison of Carbon Isotopic Values of the Lov; llolecular
Weight Components of the Fluids From the Echofish and Cod
Structures.

See letter Er-S3-69, Cod Structure-North Sea,-Kay 19, 1969.
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Average curve for oil from Core 2 showing standard
deviation for each point

- O — O - Curve for crude oil, IO363-IO464' depth interval
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Central Carbon Number

Figure 4. Relation of Odd-Even Predominance to Carbon Number, i. e.,
to Molecular Weight, of the- n-Alkanes In Core 2 and In the
Oil From the 10363-10464' Interval in Well 2/4-lAX,
»Norwegian Sector, North Sea


