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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.
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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 ^ ' \




