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Organic geochemical data f o r  Mesozoic and Paleozoic shales, 
cent ra l  and eastern Brooks Range, Alaska 

8rosg6, W. P., Reiser, H. N.,Dutro, J.T., Jr., and Detterman, R. L. 

I n t roduc t i on  

During geological  inves t iga t ions  f o r  the  Alaskan Mineral Assessment 
Program i n  1975 and 1976, f i f t y - two  samples o f  black shale were co l l ec ted  i n  
o r  near the  P h i l i p  Smith Mountains quadrangle fo r  analys is  as poss ib le  source 
rocks f o r  o i l  or  gas. Most o f  these samples were of the  Mesozoic rocks 
exposed imnediate ly  no r th  of the  Brooks Range. Since then, add i t i ona l  samples 
o f  Paleozoic black shale and a few samples of shaley l imestone have been 
co l l ec ted  w i t h i n  the Brooks Range east and west o f  the P h i l i p  Smith Mountains 
i n  connection w i t h  regional  geologic mapping and the  study o f  Upper Devonian 
c l a s t i c  rocks. Some o f  these samples were taken from bedrock outcrops, bu t  i n  
many cases they were taken from loose, f r o s t - r i v e n  rubble derived from 
under 1 y i  ng bedrock. 

Ana ly t i ca l  Methods and Data 

The U.S. Geological Survey labora tory  i n  Denver under the supervision o f  
George C l  aypool analyzed the  samples co l l ec ted  i n  1975-76, and Geochem 
Laborator ies Inc. o f  Houston analyzed the  1978-79 samples i n  accordance w i t h  
U.S. Geological Survey spec i f i ca t ions .  Table 1 1 i s t s  the  ana ly t i ca l  data f o r  
118 samples, subdivided by format ion and by quadrangle. F igure 1 shows the 

a l o c a t i o n  o f  sample s i t e s  on a quadrangle index map, F igure 2 the  d i s t r i b u t i o n  
o f  organic carbon by s t r a t i g r a p h i c  un i t ,  F igure 3 the  composit ion o f  kerogen 
by s t r a t i g r a p h i c  un i t ,  and Figure 4 the  map d i s t r i b u t i o n  o f  v i t r i n i t e  
r e f  1 ectance measurements. 

To ta l  carbon was measured by combustion, and t o t a l  organic carbon by 
combusti on a f te r  removal o f  carbonate carbon w i t h  HC1. The t o t a l  hydrocarbons 
and t o t a l  vo l  a t i  l e  hydrocarbons were measured by the  method o f  Thermal 
Evo lu t ion  Analysis us ing a Flame I o n i z a t i o n  Detector (TEA-FID) described by 
Claypool and Reed (1976). I n  t h i s  method the shale i s  heated i n  helium a t  a 
r a t e  o f  40°c per minute and the amount of gas evolved a t  each 40° increment o f  
temperature i s  monitored. A la rge  amount o f  gas i s  evolved a t  some 
temperature below 4 0 0 ~ ~  (Peak I ) ;  t h i s  i s  l i s t e d  as the v o l a t i l e  
hydrocarbons. A t  some higher temperature (Peak 11) an even l a rge r  amount o f  
gas i s  evolved; t h i s  i s  the  p y r o l i t i c  hydrocarbons. The t o t a l  hydrocarbons 
l i s t e d  i s  the  sum o f  the v o l a t i l e  (Peak I )  hydrocarbons and the p y r o l i t i c  
(Peak 11) hydrocarbons. 

The other  measurements shown on Table 1 were made on the kerogen 
separated from the  shale. Atomic hydrogen and carbon were analyzed by 
combustion; the other measurements were op t i ca l .  Ro i s  the  percent 
re f lec tance i n  o i l  o f  any v i t r i n i t e  found i n  the  kerogen. The Thermal 
A l t e r a t i o n  Index (TAI) i s  based on the co lo r  o f  the p l a n t  c u t i c l e  i n  the 
kerogen on a scale o f  1 t o  5 from yel low t o  black (S tap l in ,  1969). The v i sua l  
types of kerogen are estimates o f  the r e l a t i v e  abundance o f  each o f  f ou r  
types: (a )  Amorphous-sapropel, spores, pol len; (b )  Herbaceous, c u t i c l e ,  
membranous debris; ( c )  Humic-woody s t ruc tured p l a n t  debris; (d )  I n e r t i n i  te, 
black, opaque, charcoal. 



I n t e r p r e t a t i o n  

Weathering effects 

Tota l  organic carbon and t o t a l  hydrocarbon content are two measures o f  
t he  r ichness o f  shales as hydrocarbon source rocks (Claypool and Reed, 
1976). Both a lso depend i n  p a r t  on the  degree o f  thermal metamorphism o f  the  
shale, and Leythaeuser (1973) found t h a t  they may a lso depend upon the  e f f e c t  
o f  near-surf ace weathering. He there fore  warned t h a t  data from s u r f  ace 
samples should be i n te rp re ted  w i t h  caution. However, Claypool, Love, and 
Maughan (1978) concluded from a study o f  outcrop samples o f  the Phosphoria 
Formation t h a t  t h e  geochemistry o f  organic mat ter  i n  those rocks d i d  r e f l e c t  
p r i m a r i l y  the rock temperatures a t  var ious maximum depths o f  sedimentary 
b u r i a l .  They i l l u s t r a t e d  t h i s  by p l o t t i n g  the  r a t i o  o f  ex t rac tab le  
hydrocarbon t o  organic carbon f o r  each sample against the  depth o f  b u r i a l  
in fe r red  from isopach maps. 

To see whether the  Brooks Range outcrop data a lso  show a systematic 
re1 a t i  onship between organic geochemistry and the  degree o f  organic thermal 
metamorphism the data were p l o t t e d  i n  F igure 5 on a coordinate system 
analagous, but  not  i den t i ca l ,  t o  t h a t  used by Claypool, Love, and Maughan 
(1978). Where they p l o t t e d  i n f e r r e d  depth o f  b u r i a l  as a measure o f  thermal 
matur i ty ,  we have p l o t t e d  the  V i t r i n i t e  Ref lectance (R  ) as a s i m i l a r  
measure. Where they p l o t t e d  t h e  r a t i o  o f  ex t rac tab le  hdrocarbons t o  t o t a l  
organic carbon we have p l o t t e d  the  r a t i o  o f  v o l a t i l e  hydrocarbons (by  TEA-FID) 

a t o  t o t a l  organic carbon. Wi th in  the range of thermal m a t u r i t y  common t o  both 
sets o f  data the  curves drawn through our data f o r  rocks conta in ing 0.5% o r  
more organic carbon are s i m i l  ar t o  t h a t  o f  Claypool, Love and Maughan. A l l  
th ree  are L-shaped, w i t h  the  bend a t  the  boundary between the  thermal ly  mature 
rocks and the  supra-mature rocks (4.5 km depth o f  b u r i a l ,  o r  R o  1.3%). The 
Brooks Range outcrop data f o r  Ro and v o l a t i l e  hydrocarbons, therefore do not  
appear t o  be excessively  affected by s u r f i c i a l  weathering. 

The r a t i o  o f  hydrogen t o  carbon i n  kerogen depends on the type o f  kerogen 
and on the thermal h i s t o r y  (T i sso t  and others, 1974), and may a lso be a f fec ted  
by weathering (Waples, 1977). In t he  thermal h i s t o r y  o f  a kerogen the  H/C 
r a t i o  decreases r a p i d l y  through the  zone of thermal m a t u r i t y  and then remains 
low through the  supra-mature zone. On Figure 6 the  H/C r a t i o  i n  kerogen from 
the  Brooks Range samples i s  p l o t t e d  against the v i t r i n i t e  ref lectance (Ro) as 
a measure o f  matur i ty .  Many o f  t he  samples p l o t  along the  path out1 ined f o r  
Type TII kerogens as def ined by T isso t  and Welte (1978). However, most 
samples a t  var ious l e v e l s  o f  m a t u r i t y  have H/C r a t i o s  t h a t  are less than those 
t h a t  l i m i t  the f i e l d  o f  kerogen as shown by T i sso t  and Welte, suggesting t h a t  
weathering may have reduced the  hydrogen content o f  the  kerogen. 

Paleotemperatures 

The Thermal A l t e r a t i o n  Index and the V i t r i n i t e  Reflectance are 
c o r r e l a t i v e  measures o f  the degree o f  thermal m a t u r i t y  of the  sample and may 
a lso be cor re la ted  approximately w i t h  paleotemperature (Heroux, Chagnon, and 
Bertrand, 1979). According t o  Claypool and Reed (1976) the  temperature o f  
Peak I 1  o f  the TEA-FID analys is  i s  another measure o f  thermal m a t u r i t y  
(al though not a d i r e c t  measure o f  paleotemperature). To see whether t he  th ree  
k inds o f  data are i n  agreement, the values fo r  Ro, TAI, and Peak I 1  



Temperature from Table 1 have been separate ly  mapped and contoured. F igure 4 
shows the  contours fo r  t h e  Ro data. The other maps are no t  shown, bu t  t h a t  
f o r  the  TAI resembles the R o  map, wh i l e  the map o f  Peak I 1  temperatures 
genera l l y  shows gradients cont rary  t o  both o f  t he  others. For example, i n  t he  
K i l l i k  River-Chandler Lake area, where there  are samples i n  a band extending 
southward from the  mountain f r o n t  f o r  about 40 km, the  TA I  and Ro maps 
i nd i ca te  t h a t  paleoternperatures s t e a d i l y  decrease northward t o  a minimum a t  
t he  mountain f ron t ,  wh i le  t he  Peak I1 temperatures i n  these samples increase 
northward t o  a maximum a t  t he  mountain f ron t .  The reason f o r  t h i s  discrepancy 
i s  not  c lear ,  and e i t h e r  o f  these opposite trends can be reconc i led  t o  the  
geology by d i f f e r e n t  arguments. 

On the  one hand, geochemical s tudies usua l l y  conclude t h a t  the thermal 
metamorphism o f  organic mater ia l  i s  a func t i on  o f  depth o f  b u r i a l .  The rocks 
sampled i n  the K i l l i k -Chand ler  area are i n  a stack o f  imbr icate t h r u s t  sheets 
i n  which t h e  lowest sheet i s  exposed a t  the  mountain f r o n t  and the  h ighest  
sheet forms the  d i v ide  i n  the  cen t ra l  Survey Pass quadrangle. If these t h r u s t  
sheets once extended over t he  whole area, the  rocks sampled a t  t he  mountain 
f r o n t  were much more deeply bur ied  than those t o  the south, and the  northward 
increase of Peak I 1  temperatures i s  explained by depth o f  b u r i a l .  

On the  other  hand, paleotemperatures ind ica ted  by R as shown on F igure  4 
decrease northward i n  t he  K i  11 i k-Chandl e r  area not on ly  ?ran h igher  t h r u s t  
sheet t o  lower t h r u s t  sheet bu t  a lso from the Miss iss ippian rocks i n  the  upper 
p a r t  o f  a sheet t o  the  Devonian rocks fa r the r  nor th  i n  t he  lower p a r t  o f  t he  
same sheet. Thus the Ro data are completely cont rary  t o  i n f e r r e d  depth o f  
b u r i a l .  However, they are consis tent  w i t h  the  metamorphic gradient  o f  t he  
southern Brooks Range, which a lso  ind ica tes  a pe rs i s ten t  northward decrease i n  
pal  eotemperature, I n  addi t ion,  the  actual temperatures i n f e r r e d  from the  R 
data are i n  agreement w i t h  the temperatures i n fe r red  from the pet ro logy  o f  ?he 
metamorphic f acies and from the  co lo r  a1 t e r a t i o n  of conodonts co l l ec ted  i n  t he  
boundary area between greenschi s t  f acies metamorphic rocks and the  
unmetamorphosed b l  ack shal es. 

The nor thern boundary o f  the greenschist fac ies,  represent ing a 
paleotemperature o f  400°c, i s  i n  the  nor thern p a r t  of t he  Survey Pass 
quadrangle (Mayf i e ld ,  1977). A t  t h i s  1 a t i  tude conodonts are preserved (Nelson 
and Grybeck, 1980), and the  numerous co l l ec t i ons  of conodonts i n  the  area 
immediately south o f  the black shale sample l o c a l i t i e s  i nd i ca te  a progressive 
northwestward decrease of pal  eotemperature f run  the  range o f  3 0 0 - 4 0 0 ~ ~  t h a t  
corresponds t o  the  1 i m i t  o f  greenschist t o  the range o f  2 0 0 - 2 5 0 ~ ~  t h a t  
corresponds t o  the  temperatures i n f e r r e d  from the  R data. The organic 
thermal metamorphism ind ica ted  by the  R o  and TAI data f o r  the cen t ra l  Brooks 
Range may thus r e s u l t  from the  same Upper Cretaceous thermal event t h a t  rese t  
the K/Ar ages o f  micas i n  Paleozoic g ran i tes  i n  the southern Brooks Range a t  
the  l o c a l i t i e s  shown on Figure 4 ( D i l l o n  and others, 1980). Thus these data 
i nd i ca te  t h a t  i n  the  cen t ra l  Brooks Range the maximum heating, and presumably 
the  generat ion o f  o i l  or  gas, occurred i n  Late Cretaceous t ime and t h a t  i n  
t h i s  area the  distance from the core o f  the range i s  more important than depth 
o f  b u r i a l  i n  determining thermal matur i ty .  



Source rock qua1 i t y  

Most o f  the samples are supra-mature when judged by the standard t h a t  
m a t u r i t y  begins a t  a v i t r i n i  t e  re f lec tance (Ro) of 0.5% and a Thermal 
A l t e r a t i o n  Index (TAI) o f  2, and t h a t  supra-maturi ty begins a t  an R o  of 1.3% 
and a TAI o f  3 (T i sso t  and We1 te, 1978; Heroux, Chagnon, and Bertrand, 
1979). None of the samples i s  imnature, and except f o r  a few Paleozoic 
samples near the  mountain f ron t ,  a l l  o f  t he  few samples t h a t  are mature are o f  
Mesozoic rocks. Most o f  the Paleozoic rocks, therefore, are past the stage a t  
which they  might be regarded as p o t e n t i a l  source rocks. However, some 
est imate o f  t h e i r  q u a l i t y  can be made, q u a l i f i e d  by the  f a c t  t h a t  they have 
probably l o s t  sane organic mater ia l  through organic metamorphism, and some 
add i t i ona l  mater ia l  through weathering. 

Shale r i c h  enough t o  be a source o f  o i l  contains a t  l e a s t  0.5% organic 
carbon (Claypool and Reed, 1976; T isso t  and Welte, 1978). F igure 2 shows t h a t  
i n  the  samples from the B r w k s  Range, the  organic carbon (OC) content i s  l e a s t  
i n  the Hunt Fork Shale and the  Permian shales, i n  which 75% o f  the  samples 
conta in l ess  than 0.5% OC. It i s  greatest  i n  t he  Mesozoic shales, i n  which 
95% of the  samples conta in  more than 0.5% OC. The Miss iss ippian shales and 
the  shale from the Kanayut Conglomerate are intermediate; 60-65% o f  t he  
samples conta in  0.5% o r  more OC. 

The p r o b a b i l i t y  t h a t  the  organic ma te r i a l  w i  11 y i e l d  o i  1 or  gas depends 
on the  type o f  kerogen o f  which i t  i s  composed (T i sso t  and others, 1974; 
T i sso t  and Welte, 1978). Kerogen o f  Type 11, as described by T i sso t  and 
others, comnonly y i e l d s  o i l  and gas. I t  consis ts  most ly  o f  amorphous ma te r ia l  
and marine p l a n t  remains, and i s  character ized by H/C r a t i o s  greater  than 1.0 
i n  rocks t h a t  are imnature or  i n  e a r l y  m a t u r i t y  (Ro less  than 1.0%). Kerogen 
o f  Type I11 has the  lowest p o t e n t i a l  f o r  o i l ,  bu t  may generate gas. It 
consis ts  most ly  of t e r r e s t r i a l  p l a n t  mater ia l ,  and may conta in much 
i n e r t i n i t e .  It i s  character ized by H/C r a t i o s  less than 1.0. 

F igure  3 shows t h a t  a l l  the  Paleozoic shales conta in kerogen t h a t  i s  r i c h  
i n  the  woody mater ia l  and i n e r t i n i t e  t y p i c a l  o f  Type I11 kerogen, and i s  very 
poor i n  amorphous mater ia l .  The abundance o f  i n e r t i n i t e  can not  be a t t r i b u t e d  
s imply t o  the  h igh degree of metamorphism, because the  average composit ion o f  
kerogen i n  the  l e a s t  metamorphosed Paleozoic samples i s  about the  same as t h a t  
f o r  the  other  Paleozoic samples. The younger Paleozoic shales conta in more 
amorphous and herbaceous ma te r ia l  than the  Hunt Fork Shale, but, based on the  
v i s i b l e  kerogen types, probably a l l  o f  these shales conta in Type I 1 1  
kerogen. On the  other hand, almost hal f  the kerogen i n  the  Mesozoic shales i s  
amorphous or  herbaceous, so the Mesozoic shales probably conta in Type I1  
kerogen, based on v isua l  types. 

The r a t i o s  of Hydrogen t o  Carbon (H/C) i n  kerogens from a1 1 the  shale 
u n i t s  (F igure 6 )  i nd i ca te  t h a t  most of the kerogen i s  Type 111. None o f  the  
kerogen has a r a t i o  H/C equal t o  1.0, no t  even the  l e a s t  metamorphosed samples 
w i t h  R~ between 0.5% and 1.0%. However, the  H/C r a t i o s  may be unusual ly low 
because the  samples are weathered. With a re1  a t i v e l y  small co r rec t i on  f o r  
weathering, some samples from Mesozoic, M i  s s i  ss i  ppi an and Upper Devoni an u n i t s  
would l i e  on the Type I 1  curve. 



In conclusion, i t  appears that  the H u n t  Fork Shale and the Permian shales 
contain insuff ic ient  organic material and the wrong kind of organic material 
t o  have been good source rocks, The Cretaceous and Jurassic shales contain 
suf f ic ien t  organic material,  and probably the  r ight  kind of organic material 
t o  have been source rocks fo r  o i l  and gas. The Mississippian shales and the 
shale i n  the Kanayut Congl anerate contain suff ic ient  organic materi a1 t o  have 
been source rocks, b u t  probably contain kerogen tha t  would have yielded gas 
rather than o i l ;  these rocks are now over-mature fo r  petroleum generation. 
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Tale 1. Chemical analyses of shale, and descriptions of kerogen in outcrop samples 
from the Brooks Range and foothills. 

Quadrangle names are abbreviated as follows: T.M. - Table Mountain; A - Arctic; 
P.S. - Philip Smith Mountains; Ch. - Chandalar; C.L. - Chandler Lake; W - Wiseman; 
K. - Killik River; S.P. - Survey Pass. 

Mean R is the percent reflectance of vitrinite in oil. TAI is the Thermal 
0 

~lteration Index. Kexogen types are: Am. - amorphous; Hb. - herbaceous; Hm. - 
humic; In. - inertinite. H/C is the ratio of the numbers of hydrogen to carbon 

atoms in the kerogen. 
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Figure Captions 

F igure  1. Index map o f  t he  cent ra l  and eastern Brooks Range showing the  
l oca t i on  o f  shale sample s i t e s  and o f  the 1:250,000 scale quadrangles. 
F i e l d  sample numbers are abbreviated; f o r  instance, the  s i t e  o f  75ADt37 
and 75ADt37A i s  shown on the  map as D37. 

F igure  2. Histograms showing the  d i s t r i b u t i o n  o f  organic carbon i n  samples o f  
shale from the  Hunt Fork Shale (Dhf); Echooka and Siksikpuk Formations 
(Pe-Ps); Kanayut Conglomerate (Dk); Kayak Shale and Keki k tuk Conglomerate 
(Mk-Mkt); Kingak Shale (Jk)  ; Kongakut and Okpikruak Formations (Kk-KO) . 
Arrows ind i ca te  average organic carbon content f o r  each histogram. 

Figure 3. Histograms showing the  average composit ion o f  kerogen i n  samples o f  
shale from the  Hunt Fork Shale (Dhf, 13 samples), Kanayut Conglomerate 
(Dk, 16 samples); Kayak Shale and Kekiktuk Conglomerate (Mk-Mkt, 19 
samples), Echooka and S i  k s i  kpuk Formations (Pe-Ps, 7 samples); undivided 
Cretaceous formations and Kingak Shale (K-J, 11 samples). The kerogen 
types shown are: Am - amorphous; Hb - herbaceous; Hm - humic; I n  - 
i n e r t i n i t e .  

F igure 4. Reflectance o f  v i t r i n i t e  (Ro) i n  shales from the  cen t ra l  and 
southeastern Brooks Range, and pal  eotemperatures i n f e r r e d  from the  
v i t r i n i t e  re f lec tances  and from the metamorphism o f  conodonts i n  Paleozoic 
limestones. The measured ref lectance index i s  shown a t  the c i r c l e d  sample 
l o c a l i t i e s ,  and i s  contoured i n  u n i t  i n te rva l s ,  w i t h  the  1.3 u n i t  contour 
added. In fe r red  paleotemperatures i n  degrees Celsius as co r re la ted  w i t h  
R o  by Heroux and others (1979) are shown i n  parentheses on contours 1.3 
and 3. Paleotemperatures in fe r red  from the  co lo r  o f  conodonts (An i ta  G. 
Harr is ,  w r i t t e n  comnunication, 1978; Nel son and Grybeck, 1980) are shown 
i n  degrees Celsius a t  sample l o c a l i t i e s  marked by crosses. Tr iangles show 
the l oca t i on  o f  b i o t i t e  samples from Paleozoic g ran i tes  and t h e i r  contact 
zones (D i  l l o n  and others, 1980) t h a t  have y ie lded reset  Cretaceous K / A r  
ages (Grybeck and others, 1977). Diamonds show the l oca t i on  o f  b i o t i t e  
samples from Paleozoic g ran i te  t h a t  do not  have reset  K / A r  ages. Dotted 
1 i n e  i s  nor thern boundary of greenschist f ac ies  (Mayf i e ld ,  1977). 
Hachured l i n e  i s  nor thern margin o f  the  Brooks Range. Dots are a t  sample 
l o c a l i t i e s  where R o  i s  not  avai lab le.  

F igure  5. V i t r i n i t e  re f lec tance (Ro) and r a t i o  of v o l a t i l e  hydrocarbon by 
TEA-FID (VHC) t o  t o t a l  organic carbon (OC) i n  black shales from the  
cen t ra l  and southeastern Brooks Range. Symbols: c i r c l e s ,  Mesozoic rocks; 
squares, upper Upper Devonian t o  Permi an rocks; tri angles, 1 ower Upper 
Devonian rocks. Large s o l i d  symbols i n d i c a t e  samples w i t h  1.5% o r  more 
organic carbon; la rge  d iagona l ly  r u l e d  symbols, 0.5% t o  1.49% organic 
carbon; small open symbols, less than 0.5% organic carbon. S o l i d  curve i s  
drawn through po in t s  f o r  samples w i t h  1.5% o r  more organic carbon. Dashed 
curve separates f i e l d s  of samples w i t h  more and less  than 0.5% organic 
carbon. 



FSgure 6. V i t r i n i t e  re f lec tance (R ) and r a t i o  o f  atomic hydrogen t o  atomic 
carbon (H/C) i n  kerogen i n  blace shales fra the  cent ra l  and eastern 
Brooks Range. Symbols: c i r c les ,  Mesozoic rocks; squares, upper Upper 
Devonian t o  Permi an rocks; t r iang les ,  lower Upper Devonian rocks. Large 
s o l i d  symbols i nd i ca te  samples w i t h  1.5% o r  more organic carbon; large 
d iagona l ly  r u l e d  symbols, 0.5% t o  1.49% organic carbon; small open 
symbols, less than 0.5% organic carbon. Dot-dashed l i n e s  are the  
evo lu t ion  paths o f  Type I1 ( o i l  prone) and Type I11 (gas prone) kerogen 
shown by T issot  and Welte (1978). Dotted l i n e  i s  the  boundary o f  the  
f i e l d  o f  kerogen shown by T issot  and Welte. Dashed l i n e  i s  drawn through 
our data points. 



Fly urr 2. H/>foyroms shw/#y d ~ f r ~ b u h o n  of oryun/c cordon. 
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