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GEOCHEMICAL EVALUATION OF STATOIL'S 3013-3 WELL. 

NORWEGIAN NORTH SEA 

SUMMARY 

The Te r t i a r y  s i l t y  mudstones f rom 925-13505 metres are  immature but potential ly 

good source rocks f o r  gas and minor associated condensate. Between 13502 

metres and  18602 metres they are on ly  fa i r  source rocks and are gas prone. 

The res t  of the Te r t i a r y  and Cretaceous section has a minimal potential  fo r  

hydrocarbons. 

Minor hydrocarbon generation has occurred wi th in  the shales above 28505 metres 

in the  Jurassic but, i f  mature, these sediments would be r i c h  source rocks and 

associated reservo i rs  would be  v e r y  prospective. As a resu l t  o f  changes in 

organic facies t hey  are par t icu lar ly  r i c h  above 27605 metres and have a 

potential  f o r  light oi l  and gas whi ls t  below th i s  depth, they wi l l  y ie ld  gas and 

condensate. 

There a re  shows o f  condensate wi th in  t h i s  Jurassic interval ,  w i th  weaker shows 

down to  approximately the top o f  the B ren t  and  a diffusion halo o f  wet gas up 

to  25352 metres in the  Cretaceous. A t  2955-2970i metres there i s  a possible 

show o f  re lat ively paraf f in ic  crude. 

The Jurassic mudstones from 2925-29782 metres are  potential ly v e r y  good source 

rocks f o r  gas and  condensate. Within the  B ren t  Formation the  coals are  

potential ly r i ch  gas sources whi ls t  the coaly shales are  also r i c h  and, a l though 

not  completely mature, have a potential  f o r  gas and l i gh t  oil. With the  

exception o f  the  minor coals a t  i t s  base, the Dunl in  Formation comprises 

re lat ively un in terest ing poor and fa i r  source rocks f o r  gas. 

Oi l  prone source rocks a re  mature below 29602 metres and  l ie w i th in  the  oi l  

window below 33602 metres. The  section i s  present ly  a t  approximately i t s  

maximum paleodepth o f  bur ia l .  A change in the  maturat ion grad ient  i s  indicated 
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Th is  r epo r t  presents a geochemical evaluation o f  Statoil 's 3013-3 well d r i l l ed  in 

the Norwegian sector o f  the Nor th  Sea. 

The s tudy  was designed to  be compatible w i t h  o ther  studies undertaken f o r  

Statoil and  to  invest igate the hydrocarbon source potential  o f  the section in 

terms of: 

- source r ichness 

- thermal matur i ty  

- organic facies 

- potential  f o r  oil, condensate and gas. 

In addit ion, shows o f  migrated, ou t  o f  place hydrocarbons were sought and 

characterised. 

Th i s  project  was 

A. ANALYTICAL 

author ised by Dr .  H. I rw in ,  Statoil, Stavanger. 

A total o f  two hundred  and nine (209) canned samples, each composited over  

f i f teen (15) metres, were received f rom 280-3419(TD) metres in 3013-3. One 

(1)  mud sample was also included. Subsequently, fou r  (4)  core samples from 

the in terva l  2979.3-2987.6 metres and  f i ve  (5)  sidewall core samples f rom below 

3000 metres were submitted. These samples were assigned the  Geochem job 

number 786. 

Dur ing  the sample preparat ion procedures s igni f icant  contamination was 

observed a t  2220-2310 metres and 2955-3210 metres. The  in terva l  below 3077 

metres was turbodr i l led.  Sample qua l i t y  was poor a t  2850-2985 metres. 

Analyt ical guidel ines were prov ided by Dr .  H. I rw in .  More analyses were run 

than specified and  in part icular ,  the light hydrocarbon analysis was performed 

upon every  sample in o rder  t o  generate a complete geochemical well log. No 

charge has been made f o r  these ex t ra  analyses. Following the  screening o f  

every  sample w i th  the  light hydrocarbon analysis and o f  selected samples by the  

organic carbon and  Rockeval py ro lys is  analysis, f u r t he r  samples were selected 

fo r  the  detailed analyses. A total o f  two hundred  and ten  light hydrocarbon 



analyses, one hund red  and f o r t y  three organic carbon analyses, seventy 

Rockeval pyro lys is  analyses, twenty  f ou r  pyrolysis-GC analyses, thirty e ight  

kerogen analyses, thirty f i ve  v i t r i n i t e  reflectance determinations, eighteen CI5+ 

extract ions w i th  chromatography, eighteen high resolut ion paraff in-naphthene 

analyses, and f i f teen high resolut ion aromatic analyses were performed in th is  

study.  As ins t ruc ted  nine carbon isotope analyses and th ree  mass 

fragmentogram analyses were run upon the  sandstone core samples. 

The data are presented in tables 1 t h rough  9 and graphical ly  in f igures 1 

t h rough  10. A b r i e f  descript ion o f  the  analyt ical techniques employed in th is  

s tudy  i s  inc luded in the back o f  the  report .  

B. GENERAL INFORMATION 

Ten (10) copies o f  t h i s  repor t  have been forwarded t o  Dr .  H. l r w i n  a t  Statoil 

in Stavanger together w i th  the  kerogen slides. In addi t ion the  analytical data 

have also been suppl ied on magnetic tape. A copy o f  the data has been 

retained by Geochem fo r  f u t u r e  consultation w i t h  authorised Statoi l  personnel. 

The remaining sample material wi l l  be  re tu rned  to  Statoil. 

A l l  o f  the  resul ts re lated t o  t h i s  s tudy  are p ropr ie ta ry  t o  Statoil. 



RESULTS AND l NTERPRETATION 

Each o f  the parameters re levant to the geochemical evaluation o f  t h i s  well wi l l  

be considered in turn and wi l l  t hen  be combined t o  form the "Conclusions". 

No well logs were available fo r  th i s  s tudy  but the  major formation tops were 

suppl ied by Dr .  H. l r w i n  and  have been incorporated in to  the  following 

discussion. 

A. ZONATION 

Th is  zonation represents a synthesis o f  the formation tops w i t h  the  light 

hydrocarbon (C1-C7) and organic carbon data. Ten  (10) zones a re  recognised. 

1 3 The Te r t i a r y  i s  sub-divided in to  Zones A t h rough  A . 

Zone A' 280 metres t o  9252 metres. consists o f  sands with. above 7205 

metres, minor proport ions o f  a basic igneous rock.  

The  Cl-C4 gases general ly range f rom (2173)2565 pprn up to  10795 

ppm, al though they exceed 4000 pprn on ly  a t  385-6252 metres. 

The  gases are sparser above 3252 metres and  below 7302 metres. 

Above 7302 metres the gases are v e r y  dry (general ly  less than 3% 

C2+) but below th is  depth. a l though s t i l l  dry. they  are commonly 

10-25% wet. The heavier CS-C7 hydrocarbons fa i l  t o  exceed 100 

pprn over  some in terva ls  but jump to  /94)357-1062(2615) pprn a t  

370-5802 metres and t o  (108)933-3655 pprn below 8202 metres. 

The upper  o f  these two in terva ls  i s  also enhanced in the Cl-C4 

gases but there i s  no improvement in gas wetness, whi ls t  the 

lower in te rva l  i s  characterised by wetter  gases. The  section 

and 9102 metres i s  o f  the most interest. between 8355 metres 

Zone 9252 metres down to  

which are light ol ive 

Within th is  in terva l  

1860+ metres i s  dominated by si lty mudstones 

g rey  and ol ive g r e y  in colour. 

the Cl-C4 gases l ie w i th in  the  l imits o f  

(173)1114-10944(13113) pprn and  are dry throughout,  a l though 

there i s  a gross t r e n d  o f  increasing wetness w i th  depth. Below 

lOOOlt metres the i r  isobutane t o  normal butane rat ios general ly 



exceed 1 . 0 .  The C5-C7 f ract ion normally ranges from 13 pprn up 

to  350 pprn but is improved above 9702 metres where the butane 

rat ios are  also lower. 

Zone A' l ies between 18605 metres and 22125 metres. It consists o f  

medium g r e y  mudstones and shales w i th  interbeds o f  siltstone. 

The gaseous hydrocarbons decrease f rom (21 6 )  1 196-2622 (3456) 

pprn above 20555 metres t o  256-1155 pprn below th i s  depth but are 

now commonly 8-17% wet, a l though there i s  no obvious t r e n d  

against depth. However, the CS-C7 f ract ion var ies more 

dramatically from 55 pprn t o  1383 ppm, peaking a t  1920-20552 

metres. 

Zone B 2212k metres t o  25355 metres is, l i ke  Zone C ,  Cretaceous in age. 

It i s  composed o f  medium light g r e y  shaly mudstones. 

Cl -C4 and C5-C7 hydrocarbon abundances are low a t  (92)170-556 

(812)  pprn and  22-85(101) pprn respectively, b u t  the gases pass 

from dry (14-248 C2+) above 23102 metres t o  marginal ly wet 

(31-478 C2+) below t h i s  depth and then, below 244.52 metres, t o  

wet (52-71% C2+) .  lsobutane t o  normal butane rat ios are however 

high, al though they do increase w i t h  depth. 

Zone C 25355 metres t o  26635 metres, comprises shaly mudstones, 

calcareous shales and shales. 

The t r e n d  observed in Zone B continues in to  Zone C .  Thus  t h i s  

in terva l  i s  r i cher  (1 270-2306(3596) pprn Cl -C4; 142-843 pprn 

C -C ) than Zone B and is v e r y  wet, w i th  76-90% o f  the C2-C4 5 7 
fract ion. The  CS-C7 hydrocarbons increase in abundance w i th  

depth whi ls t  the butane rat ios decrease w i th  depth f rom 0 . 8  to  

0 . 3 .  

Zone D extends from 26635 metres down to  28502 metres and corresponds 

to  t he  upper  p a r t  o f  the  Jurassic. Th is  in terva l  is  characterised 

by brownish black shales and s i l t y  shales. ln terbeds o f  medium 

d a r k  g r e y  shale are  also present. 



The brownish black shales and s i l t y  shales above 28202 metres 

appear t o  be  oil-stained and the  minor s i l t y  limestone f rom 

2790-28052 metres also exh ib i ts  a weak stain. 

Zone D is r i c h  and wet. Gas abundances l ie w i th in  the  l imits o f  

(8808)16696-37966 ppm, the  gases are 80-94(98)% wet  and the i r  

isobutane to  normal butane rat ios approximate 0 . 2 .  The C5-C7 

hydrocarbons have values o f  1 1  805-1 9937(2476l)  ppm above 27602 

metres but then fa l l  t o  2872-7355 ppm. A l though the  break i s  no t  

as dramatic, t he  in terva l  above 27602 metres is  also r i cher  in the 

Cl-C4 f ract ion and i s  somewhat wetter. 

Zone E which i s  also Jurassic, lies between 28502 metres and 29782 

metres. The  samples contain abundant lost c i rculat ion material 

but t h i s  in terva l  apparent ly consists o f  o l ive g r e y  mudstones 

(sometimes calcareous). 

A s l i gh t  oi l  s ta in was observed in the mudstone from 2940-29552 

metres. 

The  Cl-C4 gases general ly l ie  w i th in  the l imits o f  1815-3037 pprn 

above 29252 metres and then jump to  9621-12572 ppm. They  are 

extremely wet throughout  a t  85-95% C2+ and have low butane 

rat ios o f  0 .2-0 .3 .  C5-C, abundances increase a t  29102 metres 

f rom 1074-3768 pprn to  6576-8252 ppm. 

Zone F 2978k metres t o  3116+ metres, represents the  B ren t  Formation. 

The  samples suggest an in terva l  o f  sandstones w i th  interbeds o f  

coal above 2988rt metres and an in terva l  o f  sandstones interbedded 

w i th  coaly shales (carbargi l l i tes)  below 30302 metres. These two 

un i t s  sandwich a sequence o f  dolomites, mudstones and  coaly 

shales. The  la t ter  sometimes resemble an addi t ive  but are 

bel ieved t o  be  indigenous t o  the  section. 

Zone F general ly contains 11324-22300 pprn o f  the Cl-C4 gaseous 

hydrocarbons b u t  i s  s igni f icant ly r i cher  '(38677-47134 ppm) a t  

2985-30452 metres. With the exception o f  the  uppermost sample, 

gas wetnesses a re  much lower (50-66% C2+) than in Zone E whi ls t  

butane rat ios are  h igher  a t  0 .3 -0 .4 .  Again w i th  the exception o f  



the uppermost sample, the  CS-C7 hydrocarbons l ie w i th in  the  

lower l imits o f  101 7-2455 ppm. 

Zone G 31162 metres to  33302 metres, represents the  upper  p a r t  o f  the  

Dunl in  Formation and corresponds t o  a sequence o f  s i l t y  

mudstones and shales interbedded w i t h  sandstones. 

Geochemically, the top sample resembles Zone F but otherwise, 

th i s  in te rva l  i s  leaner in the  gases w i t h  (184913393-9262 ppm o f  

marginal ly wet t o  wet (41-61(66)% C?+) gas. lsobutane to  normal 

butane rat ios a re  low (0.2-0.3). The  CS-C7 hydrocarbons 

general ly  l ie w i th in  the  l imits o f  2484-5864 ppm but jump to  

9637-1 1925 ppm a t  31 80-321 02 metres. 

Zone H extends f rom 33302 metres t o  34192 metres ( T D )  and also belongs 

to  t he  Dunl in  Formation. It consists o f  medium da rk  g r e y  

siltstones and  s i l t y  shales w i th  interbedded sandstones. Minor 

proport ions o f  coal are  present in the  samples below 3390+ metres. 

Gas abundances are s igni f icant ly h igher  than in Zone G and  also 

jump a t  33755 metres from 10397-24492 ppm a t  43061-89641 pprn. 

Th i s  improvement i s  no t  ref lected in the CS-C7 fract ion (1683- 

4325 ppm) whi ls t  the  gases a re  now on ly  marginal ly wet, w i t h  

27-51% o f  the  C2-C4 hydrocarbons. 

B. AMOUNT AND TYPE OF ORGANIC MATTER 

The  amount o f  organic matter w i th in  a sediment i s  measured by i t s  organic 

carbon content. Average shales contain approximately one percent organic 

carbon, and  t h i s  i s  the standard t o  which these samples wi l l  be  compared. 

Organic matter t y p e  influences no t  on ly  source r ichness but also the character 

o f  the hydrocarbon p roduc t  (oil, gas) and the response o f  the  organic matter t o  

thermal maturation. Richness and oil iness decrease in the order :  amorphous- 

algal-herbaceous-woody. Wood has a pr imary  ( b u t  no t  exclusive) potential  f o r  

gas whi ls t  i ne r t in i t i c  (oxidised, mineral charcoal) material has on ly  a l imited 

hydrocarbon potential. 



The interbeds o f  medium greenish g r e y  s i l t y  mudstone below 16002 metres in 
2 Zone A are v e r y  lean a t  0.15-0.19% organic carbon, but the ol ive g r e y  s i l ty  

mudstones which dominate Zone are o f  approximately average organic 

richness a t  (0.50)0.85-1.35% organic carbon. Wood is the  major component o f  

the i r  organic matter which is however, bet ter  described as a mixed 

woody-herbaceous-algal assemblage w i t h  minor to  s igni f icant  proport ions o f  

amorphous material. The amorphous f ract ion is  occasionally a major consti tuent 

but is o f  re lat ively poor qual i ty  and is  no t  oil-prone. 

Interbeds o f  v e r y  lean mudstone are present wi th in  Zone and even the 

dominant medium g rey  mudstones and siltstones are relat ively lean a t  

0.26-0.52(0.95)% organic carbon. The i r  organic matter is  general ly woody and 

iner t in i t ic  in t ype  but in the r ichest  shale, it is woody w i th  s igni f icant  

proport ions o f  herbaceous, inert in i t ic ,  amorphous and algal debris. The  

amorphous f ract ion is  atypical and is  no t  oil-prone. 

The Cretaceous mudstones and shales o f  Zones B and C contain 0.42-0.52% and 

O.45-0.72% organic carbon respectively, being r ichest  below 25952 metres in 

Zone C. Both zones are characterised by organic matter which is  dominantly 

reworked woody and  iner t in i t ic  in type. 

In contrast, the brownish black shales which characterise the Jurassic o f  Zone 

D are organically r i c h  w i th  values o f  4.37-7.61% organic carbon. They tend to 

be r ichest  above approximately 27452 metres, a l though th is  is  on ly  a gross 

generalisation. However the i r  organic matter certa in ly does change. Thus  

above 27602 metres it is  dominantly amorphous w i th  s igni f icant  proport ions o f  

part ia l ly  converted algal debris, although the  amorphous dominance is  less 

marked below 27205 metres where woody and iner t in i t ic  material is also 

signif icant. In fact  the organic matter wi th in  the in terva l  2720-27605 metres i s  

transit ional towards the mixed inertinitic-amorphous-algal-herbaceous-woody 

assemblage below 27602 metres, which is  c lear ly less oil-prone than the organic 

matter above 27202 metres. The intervals o f  medium da rk  g r e y  shale wi th in  

Zone D are much leaner a t  0.49-0.62(0.92)% organic carbon. 

Sample qual i ty  i s  poor in the Jurassic o f  Zone E b u t  the  calcareous mudstones 

at  2880-29252 metres increase w i th  depth from 0.62% to 1.54% organic carbon and 

the  under ly ing mudstones continue w i th  th is  t rend,  increasing from 1.84% to 

3.27% organic carbon. The organic matter in the  calcareous mudstones is  

largely woody, a l though w i th  signif icant proport ions o f  a l l  the  other fract ions, 



whi lst  the  mudstones have a mixed algal-amorphous-herbaceous-woody-inertinitic 

assemblage which i s  similar in appearance to tha t  a t  the base o f  Zone D. 

The B ren t  Formation (Zone F)  i s  qu i te  variable. Thus  the  dolomites wi th in  the 

in terva l  2985-30605 metres are  lean a t  0.13-0.21% organic carbon but the coal 

from 2987 metres i s  v e r y  r i c h  (60.3%) in organic matter which is  almost ent i re ly  

woody in type. The  coaly shales wi th in  the in te rva l  2985-30905 metres range 

from 11.2% up to  45.9% organic carbon (i.e. impure coal) but general ly fa i l  t o  

exceed 24% and these more representat ive coaly shales are  characterised by 

organic matter which i s  dominantly woody in t y p e  but also includes s igni f icant  

proport ions o f  herbaceous and algal debris. The  minor medium d a r k  g r e y  

shales wi th in  Zone F contain 0.68-2.0196 o f  a mixed kerogen assemblage (algal- 

woody-herbaceous-amorphous-inertinitic) which i s  v e r y  similar t o  those observed 

a t  the  base o f  Zone D and in Zone E. 

Most o f  the  s i l t y  mudstones and shales o f  Zone G (Dunl in)  contain 0.77-1.23% 

organic carbon but there  a re  a few in terva ls  (above 31 3 5 i  metres, 3186 metres) 

w i th  be t te r  values o f  1.77-2.32% organic carbon. These var iat ions are  no t  

convincingly ref lected in the  character o f  the i r  organic matter as the  sediments 

above 31502 metres have a herbaceous-woody assemblage whi ls t  below th i s  depth 

the organic matter is  woody and  herbaceous w i th  minor t o  s igni f icant  

proport ions o f  iner t in i te .  Amorphous material i s  sometimes s igni f icant  but t h i s  

is  believed to  be largely contaminant. 

The s i l ts  above approximately 33755 metres in Zone H contain 1.46-1.71% o f  

organic matter which i s  believed t o  b e  woody, herbaceous and ine r t in i t i c  in t ype  

as the abundant amorphous material i s  thought  t o  b e  due to  contamination. The  

under ly ing s i l t y  shales have lower values o f  0.94-1.16% and t he i r  organic matter 

i s  dominantly woody w i th  s igni f icant  proport ions o f  herbaceous and ine r t in i t i c  

debris. Final ly, the  minor coals below 33905 metres contain 39.1-67.6% o f  

organic matter which i s  almost ent i re ly  woody in type. 

The most oil-prone organic matter i s  t ha t  in the shales a t  the  top o f  Zone D. 

C. LEVEL OF THERMAL MATURATION 

Thermal matur i ty  has been evaluated w i t h  the  spore colouration and  v i t r i n i t e  

reflectance techniques. 



A spore colouration thermal index o f  2- i s  achieved a t  a depth o f  25002 metres, 

w i th  indices o f  2 and o f  2 to  2+ being reached a t  29702 metres and a t  3360+ 

metres respectively. 

A l l  organic matter w i th  a thermal index o f  less than 2- i s  immature. A t  2- the 

amorphous, herbaceouskalgal f ract ions o f  the  total organic matter become 

marginal ly mature (minor hydrocarbon generation) whi ls t  they become mature 

(s igni f icant  generation) a t  2 and pass in to  the  oi l  window o f  peak hydrocarbon 

generation a t  2 t o  2+. However woody material on ly  becomes marginal ly mature 

a t  2 .  

Thus  in th is  well the  section above 2500+ metres i s  immature and no thermal 

hydrocarbon generation has occurred. Due t o  the character o f  the organic 

matter the  remainder o f  the  Cretaceous is ef fect ively immature and on ly  v e r y  

l imited hydrocarbon generation can be  anticipated. The  Jurassic o f  Zones D 

and E i s  however, marginal ly mature and of f -s t ruc ture  (bu r i ed  to  below 2970+ 

metres) wi l l  be mature. Within the  B ren t  Formation and above 33602 metres in 

the Dunl in,  hydrocarbon generation has general ly  been ra ther  minor due t o  the 

overal l  nature  o f  the  organic matter a l though s igni f icant  generation wi l l  have 

occurred in the herbaceous f ract ion which i s  commonly f a i r l y  abundant. Below 

33602 metres s igni f icant  generation has been in i t ia ted f rom the  dominant woody 

organic matter wh i l s t  the s igni f icant  herbaceous f ract ion w i th in  the s i l t y  shales 

lies in the  oi l  window. Natural ly ,  any oil-prone organic matter below 33602 

metres i s  experiencing the optimum maturat ion condit ions o f  the oi l  window. 

Many v i t r i n i t e  ref lectance readings were obtained f rom most o f  t he  samples and, 

although most o f  these sediments contain more than one population o f  v i t r i n i te ,  

the major populat ion apparent ly general ly corresponds t o  the  indigenous 

v i t r in i te .  Indeed p lo t ted against depth and allowing f o r  the  prevalent  

rework ing in t he  Cretaceous (which was also observed in the kerogen 

preparations), the  major populations g i ve  a good t r e n d  o r  ra ther  two t rends,  as 

a d i f fe ren t  grad ient  i s  indicated below approximately 29002 metres. The  

discontinuous t r e n d  l ine suggests t ha t  the section is  present ly  a t  approximately 

i t s  paleodepth o f  bur ia l .  It reaches 0 .45% Ro a t  approximately 25002 metres, 

0.53% Ro a t  29402 metres and 0.72% Ro a t  33202 metres. As  these values should 

correlate w i th  spore colouration thermal indices o f  2-, 2 and 2 t o  2+, the  

correlat ion between the two methods i s  qu i te  satisfactory. 

The  light hydrocarbon data and the  CI5+ paraff in-naphthene chromatograns 



prov ide qual i tat ive suppor t  f o r  the  maturat ion pro f i le  der ived above. 

Pyrolysis Tmax determinations are  inf luenced by organic facies but can prov ide 

an indication o f  maturat ion levels. In t h i s  well a t r e n d  i s  established below 

2200-1 metres and  Tmax levels o f  430°C and  o f  440°C are achieved a t  depths o f  

approximately 2400-25005 metres and 3000-31005 metres respectively. 

D. SOURCE RICHNESS 

A prel iminary evaluation o f  source r ichness us ing the organic carbon data 

suggests tha t  t he  s i l t y  mudstones o f  Zone have a fa i r  t o  good source 

potential  and t ha t  there are  good in terva ls  wi th in  Zones E, G and  H. Zone D, 

together w i th  the  coals and coaly shales o f  Zone F (and H),  i s  r ich .  

Upon Rockeval py ro lys is  the  dominant s i l t y  mudstones o f  Zone y ie lded 

1.73-3.67(4.53) m g / g  P2 (pyrolysate) . They  a re  r ichest  towards the t op  o f  the 

zone and  indeed, on ly  those f rom above 1350-1 metres a re  assigned a good 

ra t ing,  w i th  t he  under l y ing  mudstones being fa i r .  The  hydrogen index 

indicates t ha t  organic matter qua l i t y  i s  also be t te r  a t  the top  o f  the  in terva l  

and then  deteriorates w i t h  depth - par t icu lar ly  below 14502 metres. The  

interbedded medium greenish g r e y  s i l t y  mudstones are lean. 

A l though there i s  a s l ight  improvement below 2595-1 metres in Zone C, Zones A 3 

and C comprise poor source rocks (O.2l-O.65(l.lO) mg/g ) .  

In contrast, Zone D (Jurassic)  i s  r ich.  The  brownish black shales yielded 

23.3-36.2 m g l g  P2 above 2760+ metres and 14.6-18.8 m g / g  below th i s  depth. 

They  are r ichest  a t  the top o f  the zone above 2685i metres. Hydrogen indices 

also decrease a t  27605 metres f rom 430-524(622) down to  261-371. Clearly, the 

in terva l  above 2760-1 metres contains the best  and  most oil-prone organic matter. 

The  interbedded medium da rk  g r e y  shales a re  lean. 

Zone E (Jurassic) i s  more varied, a l though the qual i ty  o f  i t s  organic matter i s  

general ly comparable to  t ha t  in the  lower p a r t  o f  Zone D. The  calcareous 

mudstones from 2895-2925-1 metres a re  potential ly fa i r  and good source rocks 

whi ls t  the  under l y ing  mudstones (6.5-1 0.9 m g l g )  have a v e r y  good source 

potential. The coaly shales and carbargi l l i tes o f  the Bren t  (Zone F) v a r y  as a 

funct ion o f  organic r ichness f rom 18.8 up to  93.2 m g l g  and commonly have fa i r  

hydrogen indices. In contrast  t he  minor medium da rk  g r e y  shales are  general ly 



on ly  fa i r  source rocks. It i s  believed tha t  the  shale from 2970-29852 metres i s  

caved f rom Zone E. 

The  s i l t y  mudstones o f  Zone G (Dunl in)  are commonly on ly  poor to  fa i r  source 

rocks, but those f rom 31 80-31 952 metres and 3285-33302 metres (4.3-4.7 mg/g )  

are classified as good and  a re  also characterised b y  good qual i ty  organic 

matter. It is suspected t ha t  t h i s  apparent  enhancement is  due, a t  least in 

par t ,  t o  contamination. Similarly in Zone H, the var iat ion in the si l tstones f rom 

0.8 up to  6.0 mg /g  i s  also believed t o  b e  due t o  contamination and, allowing f o r  

this, it i s  l i ke ly  t ha t  these sediments are  on ly  poor o r  fa i r  source rocks, 

although the  coals a t  the  base o f  t h i s  zone are r ich.  

Upon extract ion the  two s i l t y  mudstones analysed from below 1600 metres in 
2 Zone A yielded 57-81 ppm Cl)+ hydrocarbons, and a re  c lear ly poor source 

rocks. In contrast  the Jurassic shales o f  Zone D gave high values o f  921-2975 

ppm resu l t ing in ra ther  high hydrocarbon to  organic carbon and hydrocarbon 

to  tota l  ex t rac t  rat ios. The  reason f o r  t h i s  i s  ev ident  f rom the paraf f in-  

naphthene chromatograms where the  high background envelopes indicate the  

presence o f  non-indigenous in addi t ion to  the source indigenous hydrocarbons. 

However, even when allowance f o r  t h i s  i s  made, it would be  expected tha t  these 

shales would s t i l l  be  v e r y  good source rocks. The  calcareous mudstone f rom 

2895-29102 metres in Zone E i s  probably  a f a i r  source rock  but it i s  no t  

possible to  evaluate the  mudstone from 2955-29702 metres as i t s  apparent  

r ichness (2611 ppm) is  not  real but ref lects the  presence o f  contamination and 

possibly, also a show o f  c rude  oi l  (see below). Contamination i s  ev ident  in 

Zones F th rough  H but the shales and siltstones a re  probably  on ly  fa i r  ( a t  

best) source rocks. The contamination discussed above can also be observed in 

the chromatograms o f  the aromatic hydrocarbons. 

Chromatograms o f  the  pyrolysate (P2) material define whether a source rock,  

when mature, w i l l  y ie ld  oil, condensate o r  gas. Oil-prone sediments a re  

characterised by a well def ined series o f  normal alkene-alkane doublets which 

extend ou t  to  t he  heavy ends and dominate the chromatogram. If these 

doublets are  conf ined t o  the  light ends then a potential  f o r  condensate is  

indicated whi ls t  in gas-prone sediments the  doublets a re  (essential ly) absent 

and the  chromatogram is  dominated by the methane and  aromatic compound 

peaks . 

In th is  well the s i l t y  mudstones o f  Zone have a potential  f o r  gas wi th,  in 



the r icher  mudstones from the  top o f  t h i s  interval ,  minor associated condensate. 

Zones th rough  C are gas prone. In contrast  the  Jurassic o f  Zone D, 

although not  classically oil-prone, has a mixed potential fo r  light oi l  and gas 

above 27602 metres whi lst  below th is  depth it wi l l  y ie ld  gas and condensate. 

Th is  lower in terva l  is  deceptive as, a l though the peaks extend ou t  to  

approximately C25, it is believed tha t  they represent contamination. A potential 

fo r  gas and condensate is  also assigned t o  the Jurassic Zone E interval .  The 

coaly shales o f  the  Bren t  (Zone F) wi l l  apparent ly y ie ld gas and light o i l  but 

the  s i l t y  mudstones o f  Zone G (Dunl in)  are gas prone and those which were 

r icher  b y  the Rockeval technique are evident ly contaminated. The si l ts  and 

coals o f  Zone H are also gas-prone. Interest ingly,  the facies changes w i th in  

Zone D appear to  be reflected in the chromatograms o f  the  aromatic 

hydrocarbons. 

In summary therefore: 

- dominant s i l t y  mudstones o f  Zone potential ly good source rocks fo r  

gas wi th  minor associated condensate above 13502 metres and fa i r  source 

rocks f o r  gas below th is  depth. 

3 - Zones A th rough  C (Ter t ia ry  and Cretaceous), poor and gas prone. 

- Jurassic shales o f  Zone D potential ly r i c h  source rocks, especially above 

27602 metres (and par t icu lar ly  above 2685+ metres). Mixed potential f o r  

light oi l  and gas above 2760+ metres passing to gas and condensate below 

th is  depth. 

- mudstones below 2925i- metres in Zone E (Jurassic) potential ly v e r y  good 

source rocks fo r  gas and condensate. Calcareous mudstones from 

2895-29252 metres fa i r  and good source rocks. 

- B ren t  Formation (Zone F) :  coals r ich,  probably fo r  gas; coaly shales and 

carbargi l l i tes potential ly r i c h  source rocks f o r  gas and light oil. 

- Zone G (Dunl in)  poor and fa i r  fo r  gas. 

- Zone H (Dunl in) :  siltstones poor and fa i r  source rocks f o r  gas. Coals 

a t  base o f  in terva l  potential ly r i ch  gas source. 



E. MIGRATED HYDROCARBONS 

Staining was observed in the  mudstones above 28205 metres i n  Zone D 

(Jurassic), in the  minor s i l t y  limestone f rom 2790-28052. metres and in the  

mudstones from 2940-29552. metres. 

The  Cl-C4 data suggest the  possib i l i ty  o f  traces o f  fa i r l y  dry gas between 8202. 
1 

metres and 9102. metres in Zone A , al though the CS-C7 abundances are 

suspiciously high. Th i s  could be  due e i ther  to  the presence o f  contamination o r  

possib i l i ty  ( b u t  less l i ke ly )  t o  residual oil. The  extremely wet gases in Zone D 

suggest shows w i th in  t h i s  Jurassic in te rva l  w i th  traces extending up to  the top 

o f  Zone C (d i f fus ion halo ? )  and weaker shows in Zone E. It is also possible 

tha t  there could be  shows o f  wet gas wi th in  the  B ren t  but the data a re  no t  

def in i t ive  on t h i s  point .  

The Rockeval Production Indices a re  general ly  low and non-indigenous 

hydrocarbons are suggested on ly  in a few isolated samples (1 695-1 71 05 metres, 

2580-25952 metres, 3135-31502 metres). 

Samples were selected f o r  extract ion f rom Zones and D t h rough  H. High 

5+ hydrocarbon y ie lds were obtained f rom most o f  the Jurassic Zone D 

samples and, above 271 52. metres, these hydrocarbons const i tute approximately 

ha l f  o f  the total ex t rac t .  However, the i r  paraff in-naphthene chromatograms are 

not  oil- l ike and any  migrated C15+ hydrocarbons which a re  present could only 

occur as a young and relat ively light product .  Th i s  i s  also t r u e  o f  the  sample 

from 2895-29102 metres in Zone E where indeed on ly  a weak show (a t  best)  

could b e  present. However the  sample f rom 2955-29702 metres i s  more 

interest ing. It y ie lded 261 1 ppm Cl hydrocarbons, resu l t ing in an anomalous 

hydrocarbon t o  organic carbon ra t io  and a re lat ively high (56.6%) propor t ion o f  

hydrocarbons in the  total extract .  Dr i l l ing- introduced contamination i s  evident 

in the  paraff in-naphthene chromatograms but the  normal paraf f ins  suggest the  

possib i l i ty  tha t  o i l  could also be  present. The  sandstone core samples f rom the 

Bren t  (Zone F) contain on ly  26-260 ppm C15+ hydrocarbons and, a l though the 

I1richer" samples have good hydrocarbon t o  total ex t rac t  ratios, t he i r  

chromatograms indicate tha t  t h i s  i s  due to  dril l ing- introduced contamination. 

The same explanation applies t o  the enhanced sample from 3345-33605 metres in 

the Dunl in  Formation. 



Combining these data the following in terpreta t ion i s  obtained: 

- Zone D fJurassic) ;  shows, possibly o f  condensate. Best shows above 

27605 metres. A d i f fus ion halo, probably o f  wet gas, extends up to  the 

top o f  Zone C in the Cretaceous. 

- Zone E (Jurassic); sample qua l i ty  i s  poor but weaker shows 

[condensate ? )  are suggested throughout  t h i s  interval .  There  could be 

a show o f  a re lat ively paraf f in ic  c rude a t  2955-29702 metres. 

- Zone F (B ren t ) ;  possible shows o f  wet gas. Only  contamination was 

detected in the sandstone core samples and if any  oi l  is  present ( b u t  

masked) it could on ly  occur as insigni f icant ly minor traces. 

The th ree  sandstone core samples from the  B ren t  Formation were analysed in 

detail. Those f rom 2979 metres and 2983 metres yielded 233-260 ppm C15+ 

hydrocarbons which appear, f rom the  paraff in-naphthene and  aromatic 

chromatograms, t o  be  dominantly if no t  ent i re ly  contaminant in or ig in.  These 

two samples also have essentially identical carbon isotope compositions and 

phenanthrene and  terpane mass fragmentograms, a l though there are  some 

dif ferences in the  sterane (m le  217) fragmentogram. In contrast  the sandstone 

from 2987.5 metres i s  almost ba r ren  (26 ppm CI5+ hydrocarbons) and  i t s  

aromatic chromatogram and mass fragmentograms are qu i te  d i f ferent .  The  most 

dramatic dif ferences are in the  sterane mass fragmentogram which is  no t  on ly  

qu i te  un l i ke  the others but s igni f icant ly,  i s  dominated by peaks o f  the  20R 

isomers, thus  suggesting immaturi ty. Clearly, t h i s  i s  no t  the  t race o f  a crude 

oi l  and  must presumably, in view o f  i t s  immaturi ty, re f lec t  invasion by drilling 

mud bentonite. In conclusion therefore, the deepest core does - not  contain 

crude o i l  and there  i s  noth ing t o  suggest o i l  in the  two shallower cores. 

Certainly, if oi l  i s  present, then on ly  t race amounts could be  involved. 

F. CONCLUSIONS 

Ten (10) zones a re  recognised between 280 metres and  3419 metres in 3013-3. 

3 The Te r t i a r y  i s  subdiv ided in to  Zones A' t h rough  A . 

1 Zone A (280-9252 metres) i s  an in terva l  o f  sands. It is  tentat ively speculated 



tha t  there could be  traces o f  f a i r l y  dry gas between 8202 

metres. 

2 Zone A (925-18602 metres) is  composed o f  s i l t y  mudstones. 

medium greenish g r e y  va r ie ty  below 16002 metres i s  v e r y  lean 

metres and 9102 

The  interbedded 

but the dominant 

s i l t y  mudstones th roughou t  t h i s  zone contain (0.50)0.85-1.35% o f  a mixed 

woody-herbaceous-algal assemblage wi th in  which the woody f rac t ion is  the  major 

consti tuent. These sediments are  immature but the  s i l t y  mudstones above 13502 

metres are  potent ia l ly  good source rocks f o r  gas w i t h  minor associated 

condensate whi ls t  those f rom below th i s  depth are  only fa i r  source rocks f o r  

gas. 

In Zone (1860-22122 metres) the mudstones and  siltstones general ly contain 

only 0.26-0.52% o f  woody and iner t in i t ic  organic matter. They const i tute poor 

and immature source rocks f o r  aas. which are  o f  no interest. 

The  Cretaceous i s  represented by Zones B (2212-25352 metres) and  C 

(2535-26632 metres). However the  dif ferences between these two zones a re  

minimal as, a l though there i s  an improvement below 25952 metres in Zone C, the 

mudstones o f  Zones B and C have low values o f  0.42-0.52% and 0.45-0.72% 

organic carbon respectively and t he i r  organic matter i s  dominantly composed o f  

reworked woody and  ine r t in i t i c  material. Zone B i s  immature whi ls t  Zone C, 

due t o  the  character  o f  i t s  organic matter, i s  ef fect ively immature but even if 

mature, t h i s  en t i re  in terva l  would have only a minimal potential  f o r  gas. 

Minor hydrocarbon generation would be  anticipated from good qual i ty  organic 

matter below 25002 metres. 

The post-Brent  Jurassic is  sub-divided in to  Zones D and E. 

Within Zone D (2663-28502 metres) the interbeds o f  medium d a r k  g r e y  shale 

resemble Zone C a t  0.49-0.62(0.92)% organic carbon. In contrast, the brownish 

black shales which characterise t h i s  in te rva l  have high values o f  4.37-7.61 %, 

tending t o  be r ichest  above approximately 27452 metres. The  character  o f  the i r  

organic matter changes w i th  depth. Thus  above 27202 metres it is dominantly 

amorphous in type, w i th  s igni f icant  proport ions o f  par t ia l ly  sapropelised algal 

debris. Between 27202 metres and 27602 metres the  amorphous f ract ion i s  less 

dominant and s igni f icant  proport ions o f  woody and ine r t in i t i c  material are  also 

present. Final ly, below 27602 metres, the organic matter in these shales i s  a 



mixed inertinitic-amorphous-algal-herbaceous-woody assemblage. Clearly, the  

environment o f  deposition became increasingly favourable f o r  the  formation o f  

oil-prone source rocks towards the top o f  the zone and t h i s  i s  ref lected in the 

source character o f  the sediments. Thus,  whereas al l  o f  these shales are  

potent ia l ly  r i ch  source rocks (especially above 27602 metres and par t icu lar ly  

above 2685+ metres) the i r  potential  i s  f o r  light oi l  and gas above 27602 metres 

and f o r  gas and condensate below t h i s  depth. Minor hydrocarbon generation 

has already occurred on-structure and the i r  lateral equivalents bu r i ed  to  below 

29602 metres wi l l  be  mature and  s ta r t ing  t o  generate s igni f icant  volumes o f  

hydrocarbons. Within the oi l  window (below 33602 metres) they would generate 

maior volumes o f  hvdrocarbons. 

Hydrocarbon generation is  cer ta in ly  occurr ing w i th in  the drainage area o f  the  

s t ruc tu re  as Zone D contains shows which a re  probably o f  condensate. A 

di f fusion halo o f  wet gas extends up in to  the Cretaceous up to  the top o f  Zone 

C whi ls t  there a re  apparent ly weak shows (condensate ? )  down to  the base o f  

Zone E (see below) and  there could be a show o f  a re lat ively paraf f in ic  c rude  

a t  2955-29702 metres. 

Sample qua l i ty  i s  poor in Zone E (2850-29782 metres), but calcareous mudstones 

and mudstones a re  indicated a t  2880-29252 metres and below 29252 metres 

respectively. The  former contain 0.62-1.54% o f  a mixed organic matter 

assemblage wi th in  which wood i s  the major component whi ls t  the mudstones have 

values o f  1.84-3.27% organic carbon and  the i r  organic matter i s  algai- 

amorphous-herbaceous-woody-inertinitic in type. Organic carbon contents 

increase w i th  depth. Minor hydrocarbon generation has occurred in th i s  

interval.  The calcareous mudstones a re  potential ly fa i r  and good source rocks 

but the under l y ing  mudstones are potential ly v e r y  good source rocks f o r  gas 

and condensate. 

Oil-prone organic matter i s  mature below 29602 metres. 

The B ren t  Formation (2978-31162 metres, Zone F)  is  apparent ly an in terva l  o f  

sandstones w i th  interbedded coa Is and coaly shales. Dolomites are  present 

between 29882 metres and 30302 metres but are v e r y  lean, whi ls t  the  minor 

medium d a r k  g r e y  shales v a r y  between 0.68% and 2.01% organic carbon and  

contain a mixed organic matter assemblage similar to  t ha t  in Zone E. The  coal 

from 2987 metres contains 60.3% o f  organic matter which is  almost ent i re ly  woody 

in type. The  coaly shales from 2985-30902 metres range from 11.2% up to  45.9% 



organic carbon but general ly fai l  t o  exceed 24% and these more typical  shales 

contain organic matter which i s  dominantly woody but which also includes 

s igni f icant  proport ions o f  herbaceous and algal debris. The coals represent 

potential ly r i c h  source rocks f o r  gas wi th in  which on ly  minor generation has 

occurred whi ls t  t h e  coaly shales are  also potential ly r i c h  source rocks but wi l l  

y ie ld  gas and light oil. Some oi l  generation would be  anticipated f rom the 

herbaceous and algal fract ion. 

Indeed, there a re  possible shows o f  wet gas wi th in  the B ren t  Formation. Only  

contamination was detected in the sandstone core samples and, i f  any o i l  i s  

present, it could on ly  occur as insigni f icant ly minor traces. 

Zone G (3116-33305 metres, Dunl in)  i s  a sequence o f  s i l t y  mudstones and shales 

interbedded w i th  sandstones. The  argi l l i tes general ly contain 0.77-1.23% 

organic carbon but a few in terva ls  (above 31352 metres, 3186 metres) are  

enriched a t  1.77-2.32%. The i r  organic matter i s  herbaceous and woody above 

31505 metres b u t  i s  ra ther  more woody below th i s  depth. These sediments a re  

mature, poor and f a i r  source rocks f o r  gas. 

In Zone H (3330-34195 metres, Dunl in)  the siltstones above 33755 metres contain 

1 .46-1.71% o f  mixed woody-herbaceous-inertinitic organic matter whi ls t  the 

under l y ing  s i l t y  shales a re  leaner a t  0.94-1.16% and have organic matter which 

i s  largely woody, a l though the herbaceous and iner t in i t ic  f ract ions are  bo th  

signif icant. They  l ie w i th in  the  o i l  window but are on ly  poor and fa i r  source 

rocks f o r  gas. The  minor coals below 33902 metres have high values o f  

39.1-67.6% organic carbon and organic matter which i s  almost exclusively woody 

in type. Per unit o f  rock, the  coals represent potential ly r i c h  source rocks f o r  

gas w i th in  which s igni f icant  hydrocarbon generation has already been init iated. 

Oil-prone source rocks are  mature below 29605 metres and l ie w i th in  the oi l  

window o f  peak generation below 33602 metres. Sediments ( inc lud ing coals) in 

which the  organic matter i s  dominantly woody in t ype  are also mature 

(s igni f icant  generation) below 33602 metres. The  most oil-prone sediments in 

th i s  section l ie above 27602 metres in the  Jurassic. 

Th is  section is  present ly  a t  approximately i t s  maximum paleodepth o f  bur ia l .  It 

i s  interest ing t o  note t ha t  there i s  a s igni f icant  change in the maturat ion 

grad ient  below approximately 29005 metres. 



TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

A 90% Quartzose sand, unconsolidated, white N9 
B 10% Limestone, blocky, soft, minor N8-N9 0.08 

caving; very light grey to white 
Minor shale, basic igneous, chert 
Minor LCM - paint and cement 

A 90% Quartzose sand, as 786-005A 
B 5% Limestone, as 786-005B, abundant 

caving 
Minor basic igneous, chert, micaecous 
sandstone 

A 85% Quartzose sand, as 786-005A N9 
B 10% Basic ignenous, greenish black 5GY2/1 
C 5% Limestone, as 786-005B, totally caved N8-N9 

Acid igneous, chert and micaceous 
sands tone 

A 95% Quartzose sand, as 786-005A N9 
B 5% Basic igneous, as 786-013B 5GY2/1 

Minor limestone and LCM - metal 
turnings 

A 85% Quartzose sand, as 786-005A N9 
B 10% Basic igneous, as 786-013B 5GY2/1 
C 5% Limestone, as 786-005B, dominant N8-N9 

caving 
LCM - metal turnings 

A 90% Quartzose Sand, as 786-0051). N9 
B 10% Basic igneous, as 786-013B 5GY 2/1 

Minor limestone and LCM - metal 
turnings 

A 95% Quartzose sand, as 786-005A N9 
B 5% Shell fragments, molluscs, foramini- 5YR8/1 

fers, echinoderms & bryozoa, pinkish 
grey 
Minor basic igneous 
LCM - mica 

A 95% Quartzose sand, as 786-005A N9 
B 5% Shell fragment, as 786-032B 5YR8/1 

Minor basic igneous 
LCM - mica 

A 95% Quartzose sand, as 786-005A N9 
B 5% Shell fragments, as 786-032B 5YR8/1 

Minor basic igneous 
LCM - mica 
Minor siltstone 

A 85% Silty mudstone, blocky, soft, calc- 5Y6/1 0.50 
areous, light olive grey 

B 10% Basic igneous, as 786-013B 5GY2/1 
C 5% Quartzose sand, as 786-005A N9 

Minor shell fragments 
LCM - mica and cement 

GEOCHEM 

SAMPLE 

NUMBER 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fosiliferous 
Lost Circulation Material, moderately, oecasionally. slightly, very 

DEPTH GROSS LITHOLOGIC DESCRIPTION 

G S A 

Colour 

Code 

TOTAL ORGANIC 

CARBON 

(Wt. %of  Rock) 



786-050 1020-1035m A 98% Sil ty.mudstone,  blocky, s o f t ,  calc-  5Y6/1 1.18 
areous,  dominant caving, l i g h t  o l i v e  
grey 
Minor b a s i c  igneous and limestone 

TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

786-056 1110-1125m A 98% S i l t y  mudstone, a s  786-050A, abundant 5Y6/1 0.92 
caving 
Minor limestone and b a s i c  igneous 
Minor LCM - cement and mica 

786-060 1170-1185m A 98% S i l t y  mudstone, v. s o f t ,  ca lc . ,  5Y6/1 1.19 
abundant caving, l i g h t  o l i v e  grey 
Minor limestone and b a s i c  igneous 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 

A 98% S i l t y  mudstone, a s  786-060A, dominant 5Y6/1 1.17,1.18 
caving 
Minor limestone, mudstone and b a s i c  
igneous 

G S A 

Colour 

Code 

GEOCHEM 

SAMPLE 

NUMBER 

A 80% S i l t y  mudstone, a s  786-060A, dominant 5Y6/1 0.85 
B 20% Shaly mudstone, p l a t y  - s u b f i s s i l e ,  5Y4/1 0.98 

s o f t ,  non-calc., abundant caving, 
o l i v e  grey 

A 98% S i l t y  mudstone, blocky - p l a t y ,  v. 5Y5/1 0.85 
s o f t ,  non. t o  sl. ca lc . ,  dominant 
caving, medium o l i v e  grey 
Minor caved limestone and b a s i c  
igneous 

DEPTH 

A 98% S i l t y  mudstone, blocky - p l a t y ,  s o f t  5Y4/1 
- mod. hard, non. t o  v. sl. ca lc . ,  
abundant caving, o l i v e  grey 

GROSS LITHOLOGIC DESCRIPTION 

A 98% S i l t y  mudstone, a s  786-080A, abundant 5Y4/1 1.17 
caving 

A 60% S i l t y  mudstone, blocky - p l a t y ,  s o f t ,  5Y4/1 1.23,1.21 
non - v. s l .  cac l . ,  abundant caving, 
o l i v e  grey 

B 40% S i l t y  mudstone, blocky, s o f t  - mod. 5GY6/1 0.17 
hard, non-calc., minor caving, 
greenish  grey 

A 65% S i l t y  mudstone, a s  786-090B, abundant 5GY6/1 0.19 
caving 

B 35% S i l t y  mudstone, a s  786-090A, abundant 5Y4/1 1.05 
caving 

A 50% S i l t y  mudstone, a s  786-090A, abundant 5Y4/1 1.13 
caving 

B 50% S i l t y  mudstone, a s  786-090B, abundant 5GY6/1 0.19 
caving 

A 60% S i l t y  mudstone, a s  786-090A, abundant 5Y4/1 1.36,1.31 
caving 

B 40% Mudstone, p l a t y ,  s o f t ,  non-calc., 5GY5/1 0.15 
shaly  i n  p a r t ,  s i g .  t o  abundant 
caving, medium dark greenish grey 
Minor limestone and s i l t s t o n e  

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fosiliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 



A 70% Mudstone, platy, soft, non-calc., 5GY5/1 
shaly in part, abundant caving, 
medium dark greenish grey 

B 30% Mudstone, blocky, soft, non-calc., v. 5R4/2 
sl. calc., greyish red 
Minor other mudstone and limestone 

TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 

0.26 

GEOCHEM 

SAMPLE 

NUMBER 

A 70% Mudstone, as 786-111A, abundant 5GY5/1 
caving 

B 25% Mudstone, as 786-111B, sig. caving 5R4/2 
C 5% Siltstone, blocky, soft, non-calc., N5-N6 

minor caving, medium grey to medium 
light grey 

A 60% Siltstone, as 786-116C, minor caving N5-N6 
B 30% Shale, platy - subfissile, mod. hard, N5 

non-calc., abundant caving, medium 
grey 

C 10% Mudstone, as 786-111A, sig. caving 5GY5/1 
Minor other mudstone 

DEPTH 

A 90% Shale, as 786-120B, sig. to abundant N5 
caving 

B 10% Mudstone, as 786-111A, totally caved 5GY5/1 
Minor siltstone 

A 95% Shale, as 786-120B, sig. - abundant N5 
caving 

B 5% Limestone, blocky, soft, sig. caving, N8 
very light grey 
Minor mudstone and siltstone 

GROSS LITHOLOGIC DESCRIPTION 

A 90% Shaly mudstone, blocky, mod. hard, N6-5Y5/1 
sl. calc., abundant to dominant 
caving, medium light grey to medium 
olive grey 

B 10% Mudstone, as 786-111B, totally caved N6-5Y5/1 
Minor limestone 

G S A  

Colour 

Code 

A 98% Shaly mudstone, as 786-133A, sig. N6-5Y5/1 
caving 
Minor other mudstone and limestone 

A 98% Shaly mudstone, as 786-133A, sig. N6-5Y5/1 
caving 
Minor caved, other mudstone and 
minor limestone 

A 95% Shaly mudstone, blocky - platy, soft N5 
- mod. hard, non - sl. calc., abundant 
caving, medium grey 

B 5% Mudstose, blocky - soft, non-calc., 10R4/2 
totally caved, greyish red 

A 98% Shaly mudstone, as 786-147A, abundant N5 
caving 
Minor caved limestone and mudstone 

Abbreviations = arenaceous, agillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 



786-152 2535-2550m A 98% Shaly mudstone, blocky - p l a t y ,  s o f t  N5 0.45 
- mod. hard,  non - sl. ca lc . ,  abundant 
caving, medium grey 
Minor caved mudstone 

786-153 2550-2565m A 98% Shaly mudstone, a s  786-152A, abundant N5 0.47,0.48 
caving 
Minor caved mudstone 

786-155 2580-2595m A 98% Shaly mudstone, a s  786-152A, abundant N5 0.54 

TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

caving 
Minor caved mudstone and minor 
calcareous s i l t s t o n e  

786-156 2595-2610m A 85% Calcareous shale ,  blocky - p l a t y ,  
s ig .  caving, medium dark grey 

B 10% Shaly mudstone, as 786-152A, t o t a l l y  
caved 

C 5% Mudstone, blocky - s o f t ,  non-calc., 
t o t a l l y  caved, greyish  red 

786-157 2610-2625m A 98% Calcareous sha le ,  a s  786-156A, s ig .  
caving 
Minor caved mudstone 

786-158 2625-2640m A 98% Shale,  blocky - p l a t y ,  s o f t  - mod. 
hard,  sl. - v. ca lc . ,  s i g .  caving, 
medium dark grey 
Minor caved mudstone 

786-159 2640-2655m A 98% Shale,  a s  786-158A, s i g .  caving 
Minor caved mudstone 

c 786-160 2655-2670m A 50% Shale,  p l a t y  - s o f t ,  non-calc., o i l  
s t a ined ,  minor caved, brownish 
black 

B 45% Shale,  a s  786-158A, s i g .  caving 
C 5% Limestone, blocky, s o f t ,  white 

786-161 2620-2685m A 70% Shale,  a s  786-160A, o i l  s t a ined ,  
s i g .  caving 

B 20% Shale, a s  786-158A, abundant caving 
C 5% Mudstone, blocky, mod. hard,  sl. 

ca lc . ,  t o t a l l y  caved, dark greenish 
grey 

D 5% Mudstone, blocky, s o f t  - mod. hard,  
non-calc., t o t a l l y  caved, very 
dusky red 
Minor limestone 

786-162 2685-2700m A 65% Shale, a s  786-160A, o i l  s t a ined ,  
s i g .  caving 

B 25% Shale, a s  786-158A, abundant - 
dominant caving 

C 5% Mudstone, a s  786-161C, t o t a l l y  caved 
D 5% Mudstone, a s  786-161D, t o t a l l y  caved 

GEOCHEM 

SAMPLE 

NUMBER 

786-163 2700-2715m A 80% Shale,  a s  786-160A, o i l  s t a ined ,  s i g .  5YR2/1 L 5.64 
- abundant caving 

B 20% Shale, a s  786-158A, dominant caving N4 0.50 

Abbreviations = srenaceous, argillaceous, ca lea&~%t ,%&i&,%&n&m@f~ ,  fornriliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 

DEPTH GROSS LITHOLOGIC DESCRIPTION 

G S A 

Colour 

Code 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 



TABLE l 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

2715-2730m A 90% Shale, p la ty  - s o f t ,  non-calc., o i l  5YR2/1 
s ta ined,  s ig .  caving, brownish black 

B 10% Shale, blocky - p la ty ,  s o f t  - mod. N4 
hard, sl. - v. calc. ,  abundant caving, 
medium dark grey 
Minor caved mudstone 

2730-2745m A 75% Shale, a s  786-164A, s ig .  caving 5YR2/1 
B 25% Shale, a s  786-164B, abundant caving N4 

Minor limestone 

2745-2760m A 60% Shale, p la ty ,  s o f t ,  non - sl. calc . ,  5YR2/1 
s ig .  caving, sl. o i l  s t a i n ,  brownish 
black 

B 40% Shale, blocky - pla ty ,  mod. hard, N4 
s ig .  caving, medium dark grey 
Minor caved mudstone 

2760-2775m A 65% Shale, a s  786-166A, s ig .  caving 5YR2/1 
B 35% Shale, a s  786-166B, abundant caving N4 

2775-2790m A 70% Shale, a s  786-166A, s ig .  caving 5YR2/1 
B 30% Shale, a s  786-166B. abundant caving N4 

Minor limestone and caved mudstone 

2790-2805m A 55% Shale, a s  786-166A, s ig .  caving 5YR2/1 
B 35% Shale, a s  786-166B, abundant caving N4 
C 10% S i l t y  limestone, blocky, s o f t ,  sl .  N8 

o i l  s t a i n ,  sl. milky cu t ,  very l i g h t  
grey 

2805-2820m A 65% Shale, a s  786-166B, abundant caving N4 
B 35% S i l t y  shale,  blocky - pla ty ,  s o f t  - 5YR2/1 

mod. hard, s ig .  caving, o i l  s ta ined,  
brownish black 
Minor caved mudstone and minor 
limestone 

2820-2835m A 80% S i l t y  shale ,  blocky - pla ty ,  s o f t ,  5YR2/1 
sl. calc. ,  s ig .  caving, brownish 
black 

B 20% Shale, a s  786-166B, s ig .  caving N4 
Minor limestone 

2835-2850m A 60% S i l t y  shale ,  a s  786-170B, s ig .  caving 5YR2/1 
B 40% Shale, a s  786-166B, s ig .  caving N4 

Minor limestone 

2850-2865m A 90% LCM - cement 
B 5% S i l t y  shale,  a s  786-170B, minor 5YR2/1 

caving 
C 5% Shale, a s  786-166B, dominantly caved N4 

Minor limestone 

2865-2880m A 100% LCM - cement 

2880-2895m A 90% LCM - cement 
B 5% LCM - metal turnings 

GEOCHEM 

SAMPLE 

NUMBER 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 

DEPTH GROSS LITHOLOGIC DESCRIPTION 

G S A 

Colour 

Code 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 



TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

,175 2880-2895m C 5% Calcareous shale, platy, soft, medium 5Y5/1 0.62 
olive grey 
Minor other shale and ?basic igneous 

GEOCHEM 

SAMPLE 

NUMBER 

786-176 2895-2910m A 50% LCM - cement 
B 50% Calcareous mudstone, blocky, soft, 5Y5/1 0-96 

minor caving, medium olive grey 
LCM - metal turnings 

786-177 2910-2925m A 50% LCM - cement 
B 50% Calcareous mudstone, as 7860176B, 5Y5/1 1.54 

minor cavings 
LCM - metal turnings 

DEPTH 

786-178 2925-2940m A 80% LCM - cement 
B 20% Shaly mudstone, platy - subfissile, 5Y5/1 

soft, non-calc., sig. caving, medium 
olive grey 
LCM - metal turnings 

786-179 2940-2955m A 85% Mudstone, blocky, soft, non - sl. 5Y4/1 
calc., sig. caving, sl. oil stain, 
olive grey 

B 15% LCM - cement 
LCM - metal turnings 

786-180 2955-2970m A 50% LCM - cement 
B 45% Mudstone, as 786-179A 5Y4/1 
C 5% LCM - metal turnings 

GROSS LITHOLOGIC DESCRIPTION 

786-211 2979.3-.35m A 98% Sandstone, fine grained, mod. hard - N7-N8 
CORE hard, laminated, light grey to very 

light grey 

786-181 2970-2985m A 70% LCM - cement 
B 25% Silty shale, platy - subfissile, soft N4 

- mod. hard, non calc., dominant 
cavings, medium dark grey 

C 5% LCM - metal turnings 
LCM - paint 

786-212 2983.08- A 98% Sandstone, as 786-211A, cross N7-N8 
CO= 2983.18m laminated 

i 786-213 2986.93m A 98% Q@., blocky, hard, lustrous, black N1 
: CORE _- --' 
786-214 2987.50- A 98% Sandstone, fine - medium grained, N9 
CORE 2987.59m hard - mod. hard, micaceous, white 
786-182 2985-3000m A 50% Crystalline dolomite, blocky, soft - N9 

mod. hard, contaminated by rust, 
white 

B 20% LCM - cement 
C 5% Silty shale, as 786-181B N4 
D 5%Coalyshale, blocky-platy, soft, N2 

non-calc., ?possible additive (coaly), 
greyish black 
LCM - metal turnings 

G S A 

Colour 

Code 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderately, occasionally, slightly, verv 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 



786-183 3000-3015m A 60% C r y s t a l l i n e  dolomite, blocky, s o f t  - N9 0.21,0.20 
mod. hard,  minor caving, contaminated 
by r u s t ,  white 

B 35% Coaly sha le ,  blocky - p l a t y ,  s o f t ,  N2 45.90 
non-calc., ?poss ib le  a d d i t i v e  (coa ly ) ,  
greyish  black 

C 5% LCM - metal tu rn ings  
Minor o t h e r  sha le  

TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

786-215 3025m A 98% Shaly mudstone, blocky, s o f t ,  non- 5Y4/1 
SWC ca lc . ,  conta ins  carbonaceous 

inc lus ions ,  o l i v e  grey 

GEOCHEM 

SAMPLE 

NUMBER 

786-184 3015-3030m A 50% Coaly sha le ,  a s  786-183B, s i g .  caving N2 
B 4 0 % C r y s t a l l i n e d o l o m i t e ,  a s  786-183A, N9 

s i g .  caving, contaminated by r u s t  
C 10% S i l t y  sha le ,  p l a t y  - s u b f i s s i l e ,  s o f t  N4 

- mod. hard, non ca lc . ,  minor caving, 
medium dark grey 
Minor LCM - cement and m e t a l  t u rn ings  

786-185 3030-3045m A 60% Quartz sand, unconsolidated, r u s t  
contaminated, white 

B 35% Coaly shale ,  a s  786-183B, s i g .  t o  
abundant caving 

C 5% C r y s t a l l i n e  dolomite, a s  786-183A, 
minor caving, rust contaminated 
LCM - metal turnings  
Minor o t h e r  s h a l e  

786-186 3045-3060m A 50% Quartz sand, as 786-185A 
B 25% C r y s t a l l i n e  dolomite, a s  786-183A, 

minor caving, r u s t  contaminated 
C 15% S i l t y  sha le ,  a s  786-184C, abundant 

caving 
D 10% Coaly sha le ,  a s  786-183B, abundant 

caving 

786-187 3060-3075m A 90% Quar tz  sand, a s  786-185A 

DEPTH 

B 5% Shale,  p l a t y  - s u b f i s s i l e ,  s o f t ,  non- N4 
ca lc . ,  dominant caving, medium dark 
grey 

C 5% Coaly sha le ,  a s  786-183B, s i g .  caving N2 
Minor LCM - metal tu rn ings  
Minor dolomite 

786-188 3075-3090m A 60% Quartz sand, a s  786-185A N9 
B 20% Shale, a s  786-187B, abundant caving N4 
C 10% Coaly sha le ,  a s  786-183B, abundant N2 

caving 
D 10% Limestone, blocky, s o f t ,  white N9 

Minor dolomite and LCM - metal 
turnings  

GROSS LITHOLOGIC DESCRIPTION 

786-190 3105-3120m A 40% Quartz sand, a s  786-185A N9 
B 30% Shale,  a s  786-187B, abundant - N 3 

dominant caving, dark grey 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 

G S A 

Colour 

Code 

TOTAL ORGANIC 

CARBON 

(Wt. %of  Rock) 



786-216 
swc 

TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

786-217 
swc 

GEOCHEM 

SAMPLE 

NUMBER 

C 30% Coaly shale, blocky - platy, soft, N2 
non-calc., ?possible additive (coaly), 
totally caved, greyish black 
Minor dolomite and LCM - metal 
turnings 
Minor bitumen 

A 90% Shale, platy - subfissile, soft, non- N3 
calc., sig. caving, medium dark grey 

B 10% Coaly shale, as 786-190C, sig. caving N2 
Minor dolomite, bitumen and LCM - 
metal turnings 

DEPTH 

A 98% Silty shale, fissile - subfissile, N3 
mod. hard, non-calc., micaeous, dark 
grey 

A 80% Silty mudstone, blocky, mod. hard, 5YR3/1 
non-calc . , minor cavings , turbo- 
drilled, dark brownish grey 

B 15% Sandstone, blocky, unconsolidated in N9 
part, fine grained, subangular, non- 
calc. matrix, clear, white 

C (5% Shale, platy to subfissile, mod. N3-5Y3/1 
hard, non-calc., sl. carbonaceous, 
dominant? cavings, dark grey to dark 
grey to dark olive grey 

A 40% Silty mudstone, as 786-192A, minor 5YR3/1 
cavings, turbodrilled 

B 35% Sandstone, as 786-192B N9 
C 20% Silty mudstone, blocky, soft to mod. N5-5YR5/1 

hard, non-calc., abundant? cavings, 
medium grey to medium brownish grey 

D (5% Shale, as 786-192C, dominant? cavings N3-5Y3/1 

A 6 5 % S i l t y m u d s t o n e , b l o c k y , m o d .  hard, N4-5YR4/1 
non-calc., minor cavings, turbo- 
drilled, medium dark grey to brownish 
grey 

B 35% Sandstone, mostly unconsolidated, N9 
medium grained, subangular, fairly 
well sorted, clear, white 
Minor caved siltstone and carbonaceous 
shale 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 

GROSS LITHOLOGIC DESCRIPTION 

A 98% Silty shale, as 786-216A N 3 

G S A 

Colour 

Code 

A 70% Silty mudstone, as 786-195A, minor N4-5YR4/1 
cavings 

B 20% Mudstone, blocky, soft, non-calc., 5YR5/1 
sl. silty, minor to sig.? cavings, 
medium brownish grey 

C 10% Sandstone, as 786-195B N9 
Minor caved shale 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderate1 y, occasionally, slightly, very 



786-198 3225-3240m A 65% Sandstone, blocky, medium to fine N9 
grained, mostly unconsolidated, sub- 

TABLE l 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 

GEOCHEM 

SAMPLE 

NUMBER 

angular, poorly sorted, clear, white 
B 20% Silty mudstone, blocky, mod. hard, N4-5YR4/1 

non-calc., turbodrilled, sig.? 
cavings, medium dark grey to brownish 
grey 

C 10% Mudstone, blocky, soft to mod. hard, 5YR5/1 
non-calc., sl. silty, sig. to 
abundant? cavings, medium brownish 
grey 

D (5% Silty shale, platy, non-calc., N3 
dominant cavings, dark grey 
Minor caved shales 

786-200 3255-3270m A 70% Sandstone, as 786-198A N9 
B 20% Silty mudstone, as 786-198B, sig. N4-5YR4/1 

cavings 
C 10% Mudstone, as 786-198C, minor cavings 5YR5/1 

Minor coal and shale - caved? 
786-202 3285-3300m A 40% Sandstone, blocky fine grained, sub- N9 

angular, white 
B 40% Silty mudstone, blocky, mod. hard, N3-5YR3/1 

non-calc., turbodrilled, sig.? 
cavings, dark grey to dark brownish 
grey 

C 15% Siltstone, blocky, soft to mod. hard, 5YR5/1 
non-calc., sl. micaceous, medium 
brownish grey 

D 5% Shale, platy, mod. hard, non-calc., N3-4 
caved, dark grey to medium dark grey 
Minor coal and other shale - caved 

786-218 3297m A 98% Silty shale, fissile - subfissile, N3 
SWC mod. hard, non-calc., micaeous, dark 

grey 

786-204 3315-3330m A 30% Sandstone, as 786-202A N9 
B 30% Silty mudstone, as 786-202B, sig. N3-5YR3/1 

cavings 
C 25% Mudstone, blocky, soft, non-calc., N4-5YR4/1 

minor cavings, medium dark grey to 
brownish grey 

D 10% Shale, platy, caved, dark grey N 3 
E (5% Siltstone, as 786-202C, sig. cavings 5YR5/1 

Minor coal 

786-205 3330-3345m A 60% Siltstone, platy to blocky, soft to N5-5YR5/1 
mod. hard, sl. micaceous, non-calc., 
minor to sig. cavings, medium grey to 
medium brownish grey 

B 30% Silty mudstone, as 786-202B, sig. N3-5YR3/1 
cavings 

C 10% Sandstone, as 786-202A N9 
Minor shale and coal - caved 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolornitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 

DEPTH GROSS LITHOLOGIC DESCRIPTION 

G S A  

Colour 

Code 



786-206 3345-3360m A 98% Siltstone, blocky, mod. hard, non- N4-5YR4/1 1.71 
calc., minor cavings, turbodrilled, 
medium dark grey to brownish grey 
Minor caved shale, coal and sand 

TABLE 1 
ORGANIC CARBON RESULTS AND GROSS LITHOLOGIC DESCRIPTIONS 

786-208 3375-3390m A 60% Sand, unconsolidated, medium to fine N9 
grained, subrounded to subangular, 
fairly well sorted, clear, white 

B 40% Siltstone, blocky, mod. hard, non- N4-5YR4/1 1.46,1.46 
calc., turbodrilled, minor cavings, 
medium dark grey to brownish grey 
Minor caved shale and coal? 

GEOCHEM 

SAMPLE 

NUMBER 

786-219 3376m A 98% Silty shale, fissile, soft, non- N4-N5 1.15,1.17 
SWC calc., micaceous, medium dark grey to 

medium grey 

786-209 3390-3405m A 70% Sand, as 786-208A N9 
B 20% Coal, blocky, glassy, brittle, sig. N2 67.60 

cavings, greyish black 
C 10% Silty shale, blocky, mod. hard, non- N4-5YR4/1 0.94 

calc., turbodrilled, sig. cavings, 
medium dark grey to brownish grey 
Minor caved shale 

786-210 3405-3420m A 70% Sand, as 786-208A N9 
B 20% Silty shale, as 786-209C, sig. N4-5YR4/1 1.10 

cavings 
C 10% Coal, as 786-209B, sig. cavings N 2 39.10 

Minor caved shale 

TOTAL ORGANIC 

CARBON 

(Wt. % of Rock) 

DEPTH 

Abbreviations = arenaceous, argillaceous, calcareous, Cut, dolomitic, Fluorescence, foraminifera, fossiliferous 
Lost Circulation Material, moderately, occasionally, slightly, very 

GROSS LITHOLOGIC DESCRIPTION 

G S A 

Colour 

Code 































































































































BRIEF DESCRIPTION OF THE ANALYSES PERFORMED BY GEOCHEY 

"Screen Analyses" are described in sections A, C and D, "Sample Preparation" 
in section B, "Follow-up Analyses" in sections E through K and "Correlation 
Studies" in section L. The analyses can be run on either core or cuttings 
material with the proviso that samples must be canned for the c1-C~ analysis 
and should be canned (or at least wet) for the Cq-C7 analysis. The other 
analyses can be run on both canned and bagged samples. 

A) Cl-C7 LIGHT HYDROCARBON ANALYSIS 

The abundance and composition of the Cl-C7 hydrocarbons in sediments 
reflects their source richness, maturity and the character of the hydro- 
carbons they can yield. Most importantly,it is extremely sensitive to the 
presence of migrated hydrocarbons and is an excellent method for their 
detection. As it provides the information on most of the critical parameters 
and is also economical, this analysis is excellent for screening samples 
to decide which of them merit further analysis. 

During the time which elapses betwwen the collection of the sample at 
the wellsite and its analysis in the laboratory, a fraction of the total 
gas passes from the rock to the air space at the top of the can. For 
this reason, both the air space and the cuttings are analysed. 

The analysis involves the gas chromatographic separation of the individual 
Cl-C4 gaseous hydrocarbons (methane, ethane, propane, isobutane and normal 
butane) and a partial resolution of the C5-C7 gasoline-range hydrocarbons 
(for their complete resolution see Section E). The ppm abundance of the 
five gases and of the total C5-C7 hydrocarbons are calculated from their 
electronically integrated peak areas (G from peak height) by comparison 
with a standard. 

In the report, the following data are tabulated: the abundance and 
composition of the air space gas, of the cuttings gas and of the 
combined air space and cuttings gases. The combined results are also 
presented graphically. 

B) SAMPLE WA-SHING AND HAND PICKING 

All of the analyses described in subsequent sections are run on washed 
and hand picked samples. 

Cuttings are washed to remove the drilling mud, care being taken not to 
remove soft clays and fine sand during the washing procedure. Using 
the C -C7 hydrocarbon data profile of the well, or the organic carbon 
prof iie (if this analysis is used for screening) , electric logs (if 
supplied) and the appearance of the cuttings under the binocular micro- 
scope, samples are selected to represent the lithological and geochemical 
zones penetrated by the well. These samples are then carefully hand 
picked and the litholoqy of the uncaved material is described. It is 
these samples which are submitted for further analysis. 

Sample material remaining after analysis is retained for six months. 
Unless instructions are received to the contrary, Geochem Laboratories 
may then destroy the samples. 

Our reports incorporate a gross lithological description of the 
samples which have been analysed and litho percentage logs. As screen 
analyses are recommended at narrow intervals, a complete lithological 
profile is obtained. 



C) ORGANIC CARBON ANALYSIS 

The organic carbon content of a rock is a measure of its total organic 
richness. Combined with the visual kerogen, Cl-C7, C4-C7, pyrolysis and 
C15+ analyses, the organic carbon content is used to evaluate the potential 
(not necessarily actual1 hydrocarbon source richness of the sediment. 
This analysis is an integral part of a total evaluation and it can also 
be used as an economical screen analysis for dry samples (when the Cl-C7 
analysis cannot be used). 

Hand picked samples are dried, crushed and then acidised to remove the 
inorganic calcium and magnesium carbonates. The actual analysis involves 
combustion in a Leco carbon analyser. Blanks, standards and duplicates 
are run routinely for purposes of quality control at no extra cost to 
the client. 

The data are tabulated and presented diagramatically in our reports in 
a manner which facilitates comparison with the gross lithoiogy (see 
Section B) of the samples. 

D) MINI-PYROLYSIS 

An ideal screen analysis which provides a definitive measure of potential 
source richness upon those samples whose organic carbon contents suggest 
fair or good source potential. This is described in detail in section K. 

E) DETAILED C4-C7 HYDROCARBON ANALYSIS 

The abundance and composition of the Cq-C7 gasoline-range hydrocarbons 
in sediments reflects their source quality, level of thermal maturation 
and organic facies. In addition, the data also reveal the presence of 
migrated hydrocarbons and can be used for crude oil-parent source rock 
correlation studies. 

This powerful analysis, performed upon hand picked lithologies, is 
employed as a follow-up to confirm the potential of samples which have 
been selected using the initial screen analysis. It is used in conjunction 
with the organic carbon, visual kerogen and C15+ analyses. 

The individual normal paraffins, isoparaffins, naphthenes and aromatics 
with between four and seven carbon atoms in the molecule (but also 
including toluene) are resolved by capillary gas chromatography and 
their peak areas electronically integrated. 

Normalised compositions, selected ratios and the ppm abundance of the 
total gasoline-range fraction are tabulated in the report and also 
presented graphically. 

F) KEROGEN TYPE AND MATURATION 

Kerogen is the insoluble organic matter in rocks. Visual examination 
of the kerogen gives a direct measure of thermal maturity and of the 
composition of the organic matter (organic facies) and indicates the 
source quality of the sediment - which is confirmed using the organic 
carbon, light hydrocarbon,pyrolysis and C15+ analyses. 

The type of hydrocarbon (oil or gas) generated by a source rock is a 
function of the types and level of thermal maturation of the organic 
matter which are present. Both of these parameters are measured 
directly by this method. 



Kerogen is separated from the inorganic rock matrix by acid digestion 
and flotation methods which avoid oxidation of the organic matter. 
It is then mounted on a glass slide and examined at high and low 
magnifications with a Leitz microscope. Chemical methods measure the 
total kerogen population but, with this technique, individual particles 
can be selected for examination andsgurious material identified. This 
is particularly valuable in reworked, contaminated and turbodrilled 
sediments. 

The following data are generated: the types of organic matter present 
and their relative abundances, an estimate of the proportion of reworked 
material, preservation state, the thermal maturity of the non-reworked 
organic matter using the spore colouration technique. 

Our maturation scale has been developed to digitise small but recognisable 
changes in organic matter colouration resulting from increasing maturity 
and to place particular emphasis upon the immature to mature transition. 
In the absence of a universal colouration scale, the nost significant 
points on our scale have been calibrated against equivalent vitrinite 
reflectance values. The following maturation stages are recognised 
at the low end of the scale:- 

a) immature; thermal index less than 2- (0.45% Ro) 
b) marginally mature; indices between 2- and 2. 

Minor hydrocarbon generation from amorphous and 
herbaceous (f algal) organic matter 

C) mature ; indices between 2 (0.53% Ro) and 2 to 2+ (0.72% Ro) , 
significant generation from amorphous, algal and herbaceous 
organic matter but wood only marginally mature 

d) oil window; indices of 2 to 2+ (0.72% Ro) through to 
3 (1.2% Ro). Peak hydrocarbon generation. 

The condensate zone starts at a thermal index of 3 whilst indices of 
3+ (2.0% Ro) and.higher indicate the eometamorphic dry gas stage. 

A total of fourteen types of organic matter are sought based upon the 
major categories of algal, amorphous, herbaceous (spore, pollen, cuticle), 
wood, inertinite and resin. This detail is essential for a proper under- 
standing of hydrocarbon source potential as the different subgroups within 
each category have different properties. 

Upon completion of the study, the kerogen slides are sent to the client. 

G) VITRINITE REFLECTANCE 

Vitrinite reflectance is an alternative/confirmatory method for evaluating 
thermal maturation which is used in conjection with the visual kerogen 
analysis. The reflectivity of vitrinite macerals increases in response 
to thermal alteration and is used to define maturation levels and, 
by projection, to predict maturity at depth or the thicknesses of section 
removed by erosion. 

Measurements are made upon kerogen separations in conjunction with polished 
whole rock samples. In general, this analysis is performed upon the 
same samples as the visual kerogen analysis, thus facilitating a direct 
comparison of the two sets of results. 

If possible,forty to fifty measurements are taken per sample - unless the 
sediments are organically lean,vitrinite is sparse or only a single uniform 
population is present. The data are plotted in a histogram which 
distinguishes the indigenous vitrinite from possible reworked or caved 
material. Averages are calculated for each population. Comments upon 
exinite fluorescence and upon the character of the phytoclasts are noted 
on the histograms. The reports contain the tabulated data, histograms 
and the reflectivities plotted against depth. 

The vitrinite and visual kerogen techniques provide mutually complementary 
information upon maturity, organic matter type and diagenesis. 



9 5 +  EXTRACTION, DEASPHALTENING AND CHROMATOGRAPHIC SEPARATION 

Sections "A" and "E" dealt with analyses covering the light end of the 
hydrocarbon spectrum. This section is concerned with the solvent 
extractable organic material in the rock with more than fourteen carbon 
atoms in the molecule (i.e. the heavy end). The amount and composition 
of this extract indicates source richness and type, the level of thermal 
maturation and the possible presence of migrated hydrocarbons. 

These results are integrated with those derived from the pyrolysis, 
visual kerogen, organic carbon and light hydrocarbon analyses. 

The techniques involved in this analysis employ pure solvents and have 
been designed to give reproducible results. Nand picked samples are 
ground and then solvent extracted in a soxhlet apparatustor by blending, 
with dichloromethane (the solvent system can be adapted to client's 
specifications). After asphaltene precipitation, the total extract 
is separated by column chromatography or high pressure liquid chromatography 
into the following fractions: paraffin-naphthene hydrocarbons, aromatic 
hydrocarbons, eluted NSO's (nitrogen-, sulphur-, and oxygen- containing 
non-hydrocarbons) and non-eluted NSO's. Note that the non-hydrocarbons 
are split into three fractions and not reported as a gross value. These 
fractions can be submitted for further analyses (carbon isotopes, gas 
chromatography, high mass spectroscopy) including correlation studies. 

For convenience and thoroughness, the data are reported in three formats: 
the weights of the fractions, ppm abundances and normalised percentage 
compositions, The data are also presented diagramatically. 

GC ANALYSIS OF C15+ PARAFFIN-NAPHTHENE HYDROCARBONS 

The gas chromatographic configurations of the heavy C15+ paraffin- 
naphthene hydrocarbons reflect source type, the degree of thermal 
maturation and the presence and character of migrated hydrocarbons or 
contamination. 

Not only is this analysis an integral part of any source rock study but 
it also provides a fingerprint for correlation purposes and helps to 
define the geochemical/palynological environmental character of the source 
rocks from which crude oils were derived. 

The paraffin-naphthene hydrocarbons obtained by column chromatography 
are separated by high resolution capillary chromatography. Excellent 
resolution of the individual normal paraffins, isoprenoids and significant 
individual isoparaffins and naphthenes is achieved. Runs are normally 
terminated at nC35. A powerful in-house microprocessor system is being 
introduced to correct for the change in response factor with chain length. 

The normal paraffin carbon preference indices (C.P.I.) indicate If odd 
(values in excess of 1) or even (values less than 1 )  normal paraffins 
are dominant. Strong odd preferences ( f  strong pristane peaks) are 
characteristic of immature land plant organic matter whilst even 
preferences (f strong phytane peaks) suggest a reducing environment 
of deposition. With increasing maturity, values approach 1.0 and oils 
are typically close to 1.0. The indices are calculated using the 
following formulae: 



Chromatograms are reproduced in the report for use as visual fingerprints 
and in addition, the following data are tabulated: normalised normal 
paraffin distributions; proportions of paraffins, isoprenoids and 
naphthenes in the total paraffin-naphthene fraction; c.P.1~ and c.P.1~; 
pristane to phytane ratio; pristane to nC17 ratio. 

K) PYROLYSIS 

The process of thermal maturation can be simulated in the laboratory by 
pyrolysis, which involves heating the sample under specified conditions 
and measuring the oil-like material which is freed/generated from the 
rock. With this analysisI the potential richness of immature sediments 
can be determined and, by coupling the pyrolysis unit to a gas 
chromatograph, the liberated material can be characterised. These 
results are correlated with those obtained from the organic carbon, 
kerogen and CLs+ analyses. 

Small amounts of powdered sample are heated in helium to release the 
thermal bitumen (up to 3400C) and pyrolysate (340-550°c). The thermal 
bitumen correlates with the solvent extractable material (see above) 
whilst the pyrolysate fraction does not exist in a "free" state but 
is generated from the kerogen,thus simulating maturation in the subsurface. 
Abundances (weight ppm of rock) are measured with a flame ionisation 
detector against a standard. Thermal bitumen includes source indigenous, 
contaminant and migrated hydrocarbons but the pyrolysate abundance is 
a measure of ultimate source richness. The capillary gas chromatogram 
of the pyrolysate is used to evaluate the character of the parent organic 
matter and whether it is oil or gas prone. Peak temperature(s1 of 
pyrolysate evolution is recorded. Carbon dioxide can be measured if 
requested but is normally ignored as the separation of the organic 
and inorganic species has been found'to be artificial and unreliable. 

Pyrolysate yields provide a definitive measure of potential source 
richness which avoids the ambiguities of the organic carbon data and' 
the problem of contamination. This analysis is also used to evaluate 
the quality and character of the organic matter and the degree to which 
it has realised its ultimate hydrocarbon potential. Geochem does not 
employ the pyrolysis technique to evaluate maturation, preferring the 
kerogen and vitrinite reflectance analyses which avoid the problem of 
reworking and hence, are more reliable. 

Capillary chromatograms produced for the pyrolysate hydrocarbons range 
from C1 (methane) out towards C35 but exhibit considerable variations. 
They are used to define whether a source rock will yield oil, condensate 
or gas. With this new technique, it is now possible to complete the 
evaluation of a source rock. 

The data are tabulated and presented graphically. MINI-PYROLYSIS includes 
pprn thermal bitumen and ppm pyrolsate. PYROLYSIS also provides the above 
together with the temperature of peak pyrolysate evolution. The 
capillary chromatograms of the pyrolysate obtained by PYROLYS.1S-GC are 
reproduced in the report. The Mini-Byrolysis analysis is recommended as a 
screening technique. 

L) CORRELATION STUDY ANALYSES 

Oil to oil and oil to parent source rock correlation studies require high 
resolution analytical techniques. This requirement is satisfied by 
some of the analyses discussed above but others have been selected 
specifically for correlation work. Many of these analyses also provide 
information upon the character of the environment of deposition of the 
parent source rocks. 



detailed Cq-C7 hydrocarbon (gasoline range) analysis. See 
Section E. Although these hydrocarbons can be affected by 
migrational/alteration processes, they commonly provide a 
very useful correlation parameter. 

capillary gas chromatography of the C15+ paraffin-naphthenes. 
See section J. The branchedfnormal paraffin distributions 
are used to "fingerprint" the samples. 
capillary chromatograms of whole oils and of the CB+ 
fraction of source rocks. 

- capillary gas chromatography of C15+ aromatic hydrocarbons. 
Separate chromatograms of the hydrocarbons and of the sulphur- 
bearing species are reproduced. 

- high pressure liquid chromatograms. 

- mass spectrometric carbon isotope analyses of crude oil and rock 
extract fractions and of kerogen separations. A powerful tool 
for comparing hydrocarbons and correlating hydrocarbons to 
organic matter. With this technique the problem of source rock 
contamination can be avoided. The data are recorded on X-y 
or Galimov plots. 

- mass fragmentograms (mass chromatograms) of fragment ions 
characteristic of selected hydrocarbon groups such as the 
steranes and terpanes. The fragmentograms provide a convenient 
and simple means of presenting detailed mass spectrometric 
data and are used as a sophisticated fingerprinting technique. 
This provides the ultimate resolution for correlating hydrocarbons 
and facilitates the examination of hydrocarbon classes. 

- vanadium and nickel contents. 

Suites of (rather than single) analyses are employed in correlation 
studies, the actual selection depending upon the complexity of the 
problem. See also section N. 

M) ANALYSES FOR SPECIAL CASES 

M-l) ELEMENTAL KEROGEN ANALYSIS 

This analysis evaluates source quality, whether the sediments are oil 
or gas prone, the character of the organic matter and its level 
of thermal maturation. It is the chemical equivalent of the visual 
kerogen analysis. The pyrolysis analysis is generally preferred to 
this technique, both methods providing simiLar information. 

M- 2 ) SULPHUR ANALYSIS 

The abundance of sulphur in source rocks and crude oils. 

M-3) CARBONATE CONTENT 

The mineral carbonate content of sediments is determined by acid treatment. 
These data are particularly useful when used in conjunction with organic 
carbon contents as a screening technique. 

M-4) NORMAL PARAFFIN ANALYSIS 

Following the remo-val of the branched paraffins and naphthenes from the 
total paraffin-naphthene fraction, a chromatogram of the normal paraffins 
is obtained. The resulting less complicated chromatogram facilitates 
the examination of normal paraffin distributions. 



M-5) SOLID BITUMEN EVALUATION 

Residual solid bitumen after crude oil is generated by three prime 
processes: the action of waters, gas deasphalting, thermal alteration. 
Thus it provides a means of determing the reservoir history of a crude 
and of evaluating whether adjacent traps will or will not be prospective 
for oil. In carbonate sections, where organic matter is sometimes sparse, 
this technique,is also used to evaluate thermal maturation levels. 

The analysis involves the determination of the solubility (in CS2) 
of the solid bitumen and of the atomic hydrogen to carbon ratio of the 
insoluble fraction. 

N) CRUDE OIL ANALYSIS 

N-l ) API GRAVITY 

This can be performed upon large (hydrometer) and small (SG bottle, 
pycnometer) samples and even upon stains extracted from sediments 
(re£ ractive index) . 
N-2) SULPHUR CONTENTS (ASTM E30-47) 

N-3) POUR POINT (ASTM D97-66 IP15/67) 

N-4) VISCOSITY (ASTM D445-72, IP71/75) 

N-5) FRACTIONAL DISTILLATION 

Graph of cumulative distillation yield against temperature. Five percent 
cuts taken for further analysis. Mass spectPometric studies of these 
fractions provide a detailed picture of the distribution of paraffins 
and of the various naphthene and aromatic groups within a crude, which 
is useful both for correlation and for refinery evaluation purposes. 
























































