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ABSTRACT 

Incipient Metamorphism and the Organic Geochemistry of 

the Mancos Shale near Crested Butte, Colorado 

John;R. Hamilton 

The purpose of this study is to examine the changes in the 

organic matter of a typical organic shale caused by extremely 

low grade, or incipient, metamorphism and to interpret the geo¬ 

thermal history of the study area. 

The samples are from the Mancos Shale, taken from an area 

near Crested Butte, Colorado, where the sediments have been in¬ 

truded by igneous rocks of Tertiary age and subjected to contact 

metamorphism. Samples were taken from near the main intrusive 

trend outward, along.the East River and the Slate River, and 

from near Glenwood Springs, about fifty miles to the north, in 

order to provide an approximately gradational temperature profile. 

The bitumen was extracted from the crushed rock by soxhlet 

extraction with benzene. The extracts were separated into saturate 

and aromatic fractions via elution chromatography with hexane 

and benzene, respectively. The saturate fractions were analyzed 

using gas chromatography. Organic carbon was determined by 

combusting crushed samples in an induction furnace and measuring 

the evolved C02* 

The principal conclusions drawn from this study were: (1) 

Metamorphism drastically reduces the amount of extractable bitumen 

in organic shales. (2) Hydrocarbon content is much more drastical- 
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ly reduced by metamorphism than is organic carbon, i.e. , meta¬ 

morphism reduced the —ratio. (3) No relationship 
organic carbon 

between metamorphism and s at urate / aromatic ratio was found in the 

Crested Butte samples. (4) Aromatic fractions from metamorphosed 

samples were lighter in color than those from unmetamorphosed 

samples. (5) The n-paraffins between C^g and G from the unmeta¬ 

morphosed samples were rather evenly distributed, while those 

from metamorphosed samples were predominately C^g, C^, C^g, and 

C^g. Metamorphism decreases the average molecular weight of the 

n-paraffins. (6) The carbon preference index for the unmetamor¬ 

phosed samples was close to 1. The hydrocarbons were probably 

somewhat mature before metamorphism occurred. (7) Metamorphism 

causes an increase in the ratio of iso- and cycloparaffins to 

normal paraffins. (8) Increased induration of shale and the dis¬ 

appearance of swelling clays were associated with metamorphism. 

(9) All of the noted changes occurred in approximate ly the same 

region, about five to seven miles from the main intrusive trend. 

The samples from between five and fifteen miles of the intrusive 

trend resembled the unmetamorphosed samples from Glenwood Springs 

more closely than they did the samples from within five miles of 

the trend. Thus, the profile probably does not represent a gra¬ 

dation in temperature, but rather defines two zones, one meta- 

morphic and one submetamorphic. (10) The region of metamorphism 

may delineate the boundaries of a subjacent igneous mass related 

to other regional structures. 

in 
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INTRODUCTION 

The study of metamorphic petrology traditionally has been 

limited to the realm of temperatures and pressures capable of 

causing observable mineralogic changes in rock. Organic geochem¬ 

istry, on the other hand, has dealt largely with recent sediments 

and those subjected to a history of low temperature and pressure 

(Baker, 1962; Hunt, 1961; Schrayer and Zarella, 1966). Obviously 

a region exists between these two extremes where sedimentary rocks 

have been subjected to a higher than MnormaltT thermal history, but 

have not been subjected to conditions extreme enough to produce 

the mineralogic changes associated with low-grade metamorphism. 

This is the region of incipient metamorphism. 

We know that the organic matter in sedimentary rocks is an 

extremely sensitive indicator of abnormal thermal history (Philippi, 

1965; Staplin, 1969; Baker and Claypool, 1970). Little study, how¬ 

ever, has been given to the exact nature of the changes that take 

place in organic material affected by incipient metamorphism. One 

purpose of this study is to evaluate a number of geochemical para¬ 

meters with respect to their applicability to the identification 

of degree of incipient metamorphism. This admittedly ambitious 

endeavor is complicated by the fact that wide variations exist in 

the original organic composition of sediments. Also, such factors 

as pressure, catalysis, and microbial activity can affect the 

organic geochemistry of sedimentary rock. I have chosen samples 

over a small area, in a limited geologic setting near the town of 
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Crested Butte 9 Colorado, in an attempt to minimize these effects• 

The parameters that I have chosen to study are: (1) total 

extractable bitumen per sample; (2) hydrocarbons versus organic 

carbon; (3) paraffin/aromatic ratio; (4) color of the aromatic 

fraction; (5) n-paraffin composition of each sample; (6) carbon 

preference index; (7) approximate ratio of n-paraffins to branched 

and cyclic saturates; (8) isoprenoids, the pristane/phytane ratio; 

and (9) relationship of organic content to the degree of induration 

of the shale. 

The second goal of this study is to use the geochemical data to 

interpret the geothermal history of the area near Crested Butte. 
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PREVIOUS WORK 

As early as 1915, scientists were looking at the organic matter 

in sediments (White, 1915). Most of the work to date can be divided 

into two groups. The first is palynogical studies (Stadnichenko, 

1929; Hoffman, 1930; Teichmuller, 1958; Wilson, 1967; Staplin, 1969). 

Staplin showed that organic matter in ancient sediments is similar 

to that in recent sediments if no thermal alteration has taken place. 

He also showed that certain progressive changes in the organic 

matter take place when the sediments are subjected to various degrees 

of metamorphism. 

Of greater importance to my work is the large amount of work 

that has been done with regard to study of petroleum and its origins. 

Landes (1966, 1967) found that eometamorphism played a large role 

in the formation of petroleum. Landes also mentions some of the 

recorders of eometamorphism, such as increased reflectance of coals, 

induration of shales, changes in reservoir rocks, and the formation 

of t!light" oils and condensate from "heavy" oils. 

A number of investigators have shown that in recent sediments, 

the paraffins with odd carbon numbers predominate, while in ancient 

sediments and crude oils, the ratio of odd to even paraffins is close 

to 1 (Bray, 1961; Philippi, 1965). 

Philippi (1965) found that age and depth of burial increased the 

total hydrocarbon content. The amount of oil generated increased 

linearly with time, but increased exponentially with temperature. 

Philippi also found that the ratio of napthenes plus isoparaffins 

to n-paraffins increases with depth of burial and temperature. 



Baker and Claypool (1970) investigated the changes in the 

organic matter of mudrock caused specifically by incipient meta¬ 

morphism. Four of their observations have bearing on my work. 

They found that metamorphism causes net loss of hydrocarbons , 

metamorphosed shale has a higher saturate-to-aromatic ratio, the 

aromatic fraction from the metamorphic shale is less strongly 

colored, and the saturate fraction from the metamorphic shale has 

a lower average molecular weight. 



6 

GEOLOGIC FRAMEWORK 

The area of this study is west-central Colorado , where sedi¬ 

ments ranging in age from Cambrian to Tertiary have been intruded 

by igneous rocks belonging to the West Elk laccolithic cluster. 

The entire igneous complex is probably related to a large buried 

batholith some miles to the east (Godwin and Gaskill, 1964). 

In the Ruby Range, stocks and large dikes cut at least 2000 

feet of the Wasatch Formation of Eocene age. The intrusion is 

late Larimide, or post-Eocene in age. Obradovich et al. (1969) 

obtained potassium-argon dates for the Crested Butte laccolith and 

the Paridise stock. The dates were 29.1 ±1.0 and 29.0 ± 1.1 

million years respectively. This would make the intrusion middle- 

upper OUgocene in age. 

The rocks that compose the dikes and stocks are varied in 

composition and include granodiorite, granodiorite porphyry, granite, 

quartz monzonite and quartz monzonite porphyry. All the stocks 

display aureoles of contact metamorphism and mineralization which 

extend locally 1 mile or more. According to Godwin and Gaskill 

(1964) the primary structure of the region appears to be the result 

of a continuous intrusion of igneous rock. 

The igneous complex also includes a number of large sills and 

laccoliths consisting almost entirely of quartz monzonite porphry. 

This rock is light gray in color and contains large orthoclase and 

quartz phenocrysts and smaller phenocrysts of plagioclase, biotite 

and amphibole. Larson.(1929) used the composition of the rock to 
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estimate the maximum temperature at the time of intrusion to be 

about 87G°C. Dapples (1939) supports this estimate. 

The contact metamorphism and associated mineralization found 

peripheral to the stocks and dikes are almost absent near the lacco- 

lithic bodies, which display only a narrow (one or two hundred feet) 

baked zone. Thus, it seems that the bulk of the heat flow associated 

with the emplacement of the complex is confined to the nbackbonefT 

of the complex consisting mainly of the Mt. Owen stock, Afley stock, 

Ruby Range dikes, Augusta stock and the Paridise stock. 

Gaskill et al. (1967) report that the Mancos Shale in the area 

is about 4,400 feet thick and consists of three members. The forma¬ 

tion is largely of marine origin, however some non-marine beds are 

also present. 

The lower member is about 230 feet thick and rests on the 

Dakota Sandstone. It consists of grayish-black siliceous indurated 

shale, sandy shale, and fine grained quartzitic limestone. 

The middle member is also known as the Fort Hays Limestone 

Member and is approximately 80 feet thick. It is a dark gray very 

thin- to thick-bedded dense fossiliferous limestone, with some 

shaly limestone and limy shale also present. 

The upper member is the most important and is about 4,100 

feet thick. It is mainly a dark-gray to buff laminated and well 

indurated silty marine shale. It contains interbeds of silty sand¬ 

stone, sandy limestone, and carbonaceous shale in the transition 

zone immediately below the Mesaverde Formation. The lower 700 feet 

of the member is gray calcareous shale of Niobrara age while the 



top is known to be of Pierre age. The top of the formation inter¬ 

tongues with the basal sandstone unit of the Mesaverde Formation. 

The Mancos is very fossiliferous in places and large Inoceramus 

shells are especially abundant (Lee, 1912). The Mancos is locally 

metamorphosed to hornfels. 

The samples are essentially in three groups. Samples CB-9, 

10, 11, 12, 14, 15, 18, 20, 23, 27, 30, 31, 40, 41, 50, 51A, 60B, 

201, 202, and 212 are a profile from the main intrusive trend south, 

along the Slate River. Samples 2, 3, 4, 6, 7, 22, 24, 40, 203, 204, 

205, 206, 207, 208, 209, and 210 are an approximate profile south 

along the East River. These two groups of samples are located in 

Figure 8, the map of the Crested Butte area. Samples 251, 252, 253, 

254, 257, 258, and 259 came from an unmetamorphosed region about fifty 

miles to the north, near Glenwood Springs, Colorado. 

Mr. Raymond Yacuzzo (Rice University), in a personal communica¬ 

tion to the author, describes the metamorphism and mineralogic changes 

in the Crested Butte samples. 

He examines the potassium feldspars present in the igneous com¬ 

plex and uses his information to estimate the temperature of intru¬ 

sion to be between 700° and 750°C. 

Yacuzzo finds the Mancos Shale near the intrusion to be 

definitely metamorphic in character. Samples 2 and 9 contain 

metamorphic K-feldspar, biotite and possibly cordierite, and are 

hornfelsic. This group of samples proximate to the main intrusive 

trend probably belongs to the hornblende-hornfels metamorphic 

facies. At slightly greater distance the metamorphism appears to 
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be of the greenschist facies. For example, samples 15 and 16, and 

even as far away as sample 51, contain metamorphic chlorite. He 

also notes changes in the clay mineral composition. The clays 

are illitic or sericitic from near the intrusion out to about as 

far as samples 31 and 6. Swelling clays appear in minor amounts 

in sample 7. Samples 210 and 65 contain appreciable swelling clays, 

and more distant samples such as 20, 202, 207, and the Glenwood 

Springs suite are predominately swelling clay. Thus, the disap¬ 

pearance of swelling clays seems to reflect higher levels of 

metamorphism. 



ANALYTICAL METHODS 

The rock samples were crushed and the bitumens were extracted 

in a large soxhlet extractor by refluxing with benzene for 24 to 

48 hours. The benzene was then evaporated off and the residue was 

weighed. The ratio of the weight extract to the total weight of 

rock extracted is called total extractable bitumen. 

The residue was then split into saturate and aromatic fractions 

via solid-liquid chromatography. Samples ranging in weight from 

about 20 to about 200 mg. were loaded on a column consisting of 18 

cm. code 950 silica gel beneath 5 cm. activated alumina. Samples 

were eluted with 60 ml. hexane (distilled) to obtain the saturate 

fraction followed by elution with 60 ml. benzene (double distilled) 

to obtain the aromatic fraction. The solvents were then removed 

using a Buchler flash evaporator and the two fractions were weighed. 

As a check on the accuracy of the elution chromatography 

procedure^ 11 aliquots of sample CB-251 were run using this method 

and compared to samples run using the method of Baker (1962) and 

Baker et al. (1969). The'methods differ only in the use of 5 cm. 

of alumina in the columns instead of the code 70 silica gel used 

by Baker. The saturate yields obtained using my method were ap¬ 

proximately equal to those obtained by Baker, however, the aromatic 

yields were, in general, about one-third as large as Baker’s. The 

resulting saturate/aromatic ratios can be expected to be larger 

than those obtained using the old method by a factor of about 3. 

Ferguson (1962) demonstrated that the precision of the analy¬ 

tical method is a function of the concentration of the particular 
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species measured. Thus, a sample with a hydrocarbon concentration 

of 500 ppm would be expected to have a smaller standard deviation 

than a sample containing 5000 ppm of hydrocarbon. 

To check possible contamination of eluent fractions from the 

soxhlet extraction, a number of thimble blanks were run. Four of 

the blanks were chosen for elution chromatography. Two represented 

the very maximum limit of contamination, while the other two were 

approximately the size of the "average" thimble blank. The "maxi¬ 

mum" blank yielded 4.1 mg. average saturates per sample and 0.8 mg. 

average aromatics per sample, while the "average" blank yielded 

only 0.7 mg. average saturates and 0.1 mg. average aromatics per 

sample. For most samples the blank would be less than 1% of the 

saturate and aromatic fractions. Values for the blanks are given 

in Appendix II. 

To estimate the composition of the thimble blanks the two 

saturate fractions obtained were gas chromatographed. The composi¬ 

tion seemed to reflect the composition of the samples extracted 

previous to the blank. The small blank, taken after lean, or 

"metamorphosed" samples had been extracted, resembled the saturates 

of the metamorphosed samples, while the large blank, taken after 

a "rich", or unmetamorphosed, sample resembled the saturates of the 

unmetamorphosed samples. 

Many of the samples obtained by elution chromatography con¬ 

tained significant amounts of sulfur. Sulfur was removed by dis¬ 

solving the samples in hexane and gently warming with granules of 

activated copper. The copper was then filtered out, the hexane 

evaporated off and the samples reweighed. 
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Gas chromatography was done on a Perkin-Elmer model 990 gas 

chromatograph using 8T x 1/8" packed columns consisting of 5% SE-30 

liquid phase on chromosorb W support. Helium was used as a carrier 

gas at a flow rate of 30 ml./minute and dual flame ionization de¬ 

tectors were employed. The recorder was a Leeds and Northrup Speed- 

omax type G. Instrument sensitivity is 0.01 coulombs/gram (5 x 10“^ 

gm./sec. minimum detectability) and linearity is greater than 106. 

To allow for direct comparison the same temperature program 

was used for all samples. The program was 115°C for an initial time 

of two minutes , then a rate of increase of 6°C per minute to a maxi¬ 

mum of 265°C. The final temperature of 265°C was maintained for 

twelve minutes. 

The peaks were identified by co-injection with known standards 

and by comparison of retention times with known standards. The identi¬ 

fication of the peaks was confirmed by running samples on columns of 

different polarity (12T x 1/8", 5% FFAP on Chromosorb AWS). 

The peak areas representing the n-paraffins between C,r and C„ 
lb 33 

were measured using an OTT planimeter. The areas were then summed 

and the per cent of the total was computed for each peak. To check 

the precision of this method, four of the aliquots of sample CB-251 

that were used to check the elution chromatography were gas chromato¬ 

graphed and the peak areas measured. The maximum variation for any 

individual peak was 1.5%, but in most cases the variation was less than 

0.2%. The % values obtained in this test are presented in Appendix III. 

Organic carbon values were obtained for each sample by first 

treating the powdered rock with 15% HC1 for 24 hours at room tempera- 



ture to remove any carbonate that might be present. The samples 

were then washed with water and dried in an oven for 2 hours at 

125°C. Metal accelerator was added to the samples and they were 

combusted in a Leco induction furnace. The evolved CO2 was measured 

in a Leco carbon analyzer. Blanks were run with each set of samples 

The average blank was equivalent to about 0.03 weight % in a one 

gram sample. The value of the blank depends on the amount of metal 

accelerator added to the sample. Since the accelerator was not 

weighed out for each sample, and since the blank values were small, 

no blank correction was made when computing the average for each 

sample. 

Four samples of a standard oxalic acid were run to check the 

precision of this method. The values obtained were 1.11, 1.12, 1.11 

1.12 weight % carbon on successive runs. The actual value of the 

oxalic acid was;1.08 weight % carbon. Each sample was analyzed a 

minimum of three times and the values were averaged. Some runs 

achieved better combustion than others and this factor was taken 

into account when computing the average for each sample. 
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RESULTS AND INTERPRETATION 

ROCK EXTRACTS AND ELUTION CHROMATOGRAPHY 

Table 1 shows the total extractable bitumen in ppm, the 

amount of saturates and aromatics ppm, the saturate /aromatic ratio 

and the approximate distance of each sample from the main intrusive 

trend. 

The amount of extractable bitumen increases dramatically in 

those samples located at a distance of five miles or more from the 

intrusive trend. On the map, this change occurs between samples 

203 and 209 on the East River profile and between samples 18 and 

41 on the Slate River profile. This is shown in Figures 1 and 2. 

Those samples which are low in extractable bitumen have probably 

been subjected to temperatures high enough to boil off most of the 

hydrocarbons, leaving only residual amounts. 

The amounts of saturates and aromatics in the rock decreased 

proportionately to the amount of extractable bitumen. Saturate/ 

aromatic ratios ranged from 0.7 to 6,6. Figure 3 shows that ratios 

between .0.5 and ,3.5 seem to be favored for both the samples within 

the five mile zone and those from a greater distance. There does 

not seem to be a correlation between metamorphism and saturate/aro¬ 

matic ratio. This could imply that saturates and aromatics are 

boiled off at approximately the same rate. 

The aromatic fractions from samples close to the intrusion, 

in the "metamorphic zone", were a light-straw color—even when 

not diluted with solvent. The aromatics of the unmetamorphosed 

samples were red to brown, and generally deeper in color. 
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TABLE I 

Distance Wt. Rock 
Sample 

No. 
From Intrusion 

Mi. 
Extracted 

Kg. 

Extract 
PPM 

Saturates 
PPM 

Aromatics 
PPM 

Sat 
Aro 

2 0.2 2.02 19.8 2.6 1.6 1.6 

3 0.3 2.13 28.4 7.3 2.3 3.2 

4 2.0 2.80 33.8 7.3 5.6 1.3 

6 4.0 2.26 44.0 11.1 6.7 1.7 

7 3.5 2.03 840 476 151 3.1 

9 0.1 2.45 19.5 4.5 0.9 5.0 

10 0.2 0.53 26.1 5.9 0.9 6.6 

11 0.2 ,2.04 16.6 5.9 1.4 4.2 

12 4.1 2.38 35.4 10.3 2.9 3.6 

14 3.8 ,3.72 28.6 4.6 

15 1.2 4.00 27.9 3.5 4.0 0.9 

18 4.8 3.35 28.4 11.2 5.3 2.1 

19 13.1 0.52 454 13.1 5.0 2.6 

20 11.5 2.02 1670 436 492 0.9 

22 4.2 1.81 31.4 11.2 5.3 2.1 

23 4.1 0.52 36.4 8.5 3.7 2.3 

24 4.2 ,0.52 35.4 5.9 6.3 0.9 

27 1.8 2.01 25.2 8.3 2.8 3.0 

30 3.5 2.03 25.0 7.5 1.9 4.0 

31 3.9 3.25 12.7 2.5 1.5 1.7 

40 3.6 1.77 39.9 11.2 5.7 2.0 

41 8.6 2.36 687 298 185 1.6 

50 0.8 2.01 16.4 5.1 1.7 3.0 



TABLE I (CONT.) 

Distance Wt. Rock 
Sample 

No. 
From Intrusion 

Mi. 
Extracted 

Kg. 

Extract 
PPM 

Saturates 
PPM 

Aromatics 
PPM 

' Sat 
Aro 

51A 3.0 2.00 19.7 6.2 1.9 3.3 

6 OB 4.5 .1.09 60.8 :8.l H.5 .0.7 

201 8.7 0.53 . 122 26.2 23.0 1.1 

202 14.5 .0.52 455 224 45.4 4.9 

203 5.3 .2.33 ■ 23.5 .2.8 • .3.7 .0.8 

204 7.9 0.53 221 63.2 55.4 ;1.1 

205 10.3 .0.57 1280 700 316 2.2 

206 11.6 .0.54 170 130 19.0 .6.8 

207 12.4 0.51 1010 .634 122 .5.2 

209 7.8 0.60 655 389 71.5 5.4 

210 ,8.5 0.63 164 52.5 21.2 2.5 

212 ,8.6 .0.54 938 231 228 .1.0 

251 . 50.0 1.85 1550 574 95.5 6.0 

252 . 50.0 ,0.51 912 .257 45.0 5.7 

253 50.0 .0.51 1710 573 268 2.4 

254 50.0 0.52 1220 268 89.5 .3.0 

257 . 50.0 .0.51 3540 1245 865 .1.4 

258 50.0 .0.63 378.1 95.5 101 0.9 

259 50.0 .0.52 4670 880 . 597 .1.5 
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ORGANIC CARBON 

Table 2 shows the organic carbon in wt. % for each sample and 

the ratio of total hydrocarbon to organic carbon. 

The organic carbon in the samples ranged from .11 to 4.46 wt. %. 

The organic carbon content as a function of distance from the main 

intrusion is shown in Figure 4. The values exhibit no particular 

trend, except, perhaps, that the greater the distance from the in¬ 

trusion, the greater the variability of the values. Up to about 9 

miles from the intrusion the samples ranged from 0.1 to 1.5 wt. % 

organic carbon. Beyond 9 miles the samples ranged from 0.72 to 4.46 

wt. % organic carbon. The average value of the more distant samples 

was slightly higher. This suggests a slight loss of total organic 

carbon with metamorphism. 

Total hydrocarbon values for each sample were obtained by 

adding the saturate and aromatic fractions (in ppm). The ratio of 

total hydrocarbon to organic carbon x 10”4 is computed for each 

sample. For twenty samples closer than 5 miles from the intrusive 

— 4 
trend, the average ratio was 20.9 x 10 . Fourteen samples taken 

from an area between 5 and 15 miles from the intrusion averaged 

274.7 x 10"4. The seven samples from the Glenwood Springs area 

-4 
averaged 378 x 10 . This fact coupled with the evidence that 

organic carbon values do not seem to vary greatly with distance 

from the intrusion would indicate that hydrocarbons are readily 

destroyed or boiled off when subjected to high temperatures, while 

the organic carbon is lost at a much slower rate. This observation 

is consistent with the findings of Baker and Claypool (1970). 
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Figure 5 shows the relationship between organic carbon and total 

hydrocarbons for the Crested Butte samples. The organic carbon values 

for the metamorphosed and unmetamorphosed samples are similar, while 

total hydrocarbons in the unmetamorphosed samples (those from a dis¬ 

tance of greater than 5 miles) were much greater. 
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TABLE 2 

Distance 
Sample From Intrusion Organic C Hydro-C __ 4 n-Paraffiris 

No. (Mi.) wt. % Organic C x 1U Iso + Cycloparaffins 

2 0.2 1.07 3.9 0.7 

3 0.3 1.35 7.1 0.9 

4 2.0 1.37 9.4 1.2 

6 .4.0 0.29 61.4 2.0 

7 8.5 .1.29 485 3.5 

9 0.1 0.11 49.1 0.8 

10 0.2 0.52 13.1 0.8 

11 0.2 .0.18 40.6 0.9 

12 4.1 0.54 24.4 1.3 

14 3.8 0.58 — 1.4 

15 1.2 0.54 13.9 1.8 

18 4.8 0.66 25.0 1.2 

19 13.1 0.72 25.2 3.2 

20 11.5 .4.46 208 3.3 

22 4.2 1.43 11.5 1.4 

23 4.1 1.11 11.0 1.3 

24 4.2 1.25 .5.4 1.6 

27 .1.8 0.37 30.0 1.4 

30 3.5 0.24 39.1 1.2 

31 3.9 0.74 5.4 .1.1 

40 3.6 0.68 24.9 0.9 

41 8.6 0.77 628 3.9 

• 50 0.8 0.92 7.24 0.8 
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Distance 
Sample 

No. 
From Intrusion 

(Mi.) 

51A 3.0 

60B 4.5 

201 8.7 

202 14.5 

203 .5.3 

204 7.9 

205 10.3 

206 11.6 

207 12.4 

208 6.03 

209 

00 • 

210 00
 

• c
n
 

212 8.6 

251 50 

252 5Q 

253 50 

254 5Q 

257 50 

258 50 

259 50 

TABLE 2 (Cont.) 

Organic C 
Wt. % 

Hydro-C 
Organic C 

0.54 15.0 

1.21 16.2 

0.86 57.2 

1.17 230 

1.21 .5.4 

1.70 69.8 

1.47 692 

1.03 145 

2.95 256 

0.83 

0.94 489 

,0.65 113 

1.04 442 

2.45 273 

1.31 230 

1.99 422 

2.43 147 

.2.51 841 

0.75 261 

3.13 472 

4 ri-Paraffins 
Iso + Cyeloparaffins 

1.9 

1.8 

3.1 

3.4 

1.1 

2.3 

2.8 

2.7 

3.3 

.2.2 

3.6 

3.0 

2.9 

3.9 

3.4 

.2.9 

2.7 

3.8 

2.3 

4.3 



F
IG

U
R

E
 

4
 

O
R

G
A

N
IC
 

C
A

R
B

O
N
 

A
S
 

A
 

F
U

N
C

T
IO

N
 

O
F
 

D
IS

T
A

N
C

E
 

24 

X x XX X X X o 
in 

vh 

o 
z 
LU 

LU 
> 
C/D 
3 
O' 

z 
< 

o 

Noaavo DiNvoao 

D
IS

T
A

N
C

E
 

FR
O

M
 

M
A

IN
 

IN
T

R
U

S
IO

N
 

C
M

I.)
 



H
Y

D
R

O
C

A
R

B
O

N
S
 

P
P

M
 

25 

FIGURE 5 
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n-PARAFFINS 

Figure 6 is a series of histograms representing the composition 

of the n-paraffins between C^g and Cgg for each sample. The numeri¬ 

cal values for each sample are given in Appendix I. 

The n-paraffins distributions fell in two distinct groups. 

Those samples from a distance of five miles or more from the main 

intrusion displayed a rather even distribution of n-alkanes C^g to 

C33. Variations exist within this group—for example, some samples 

have maxima at about C^y (CB-41) while others have maxima at about 

C25 (CB-210). Others are bimodally distributed (CB-212). None of 

these variations could be directly related to distance from the in¬ 

trusion, but this may just reflect the complexity of the thermal 

history of the area. In any case, no peak is more than 12 or 14% 

of the total, the differences between adjacent peaks are small and 

the overall appearance of the distribution is that of a smooth curve. 

Those samples from within the 5 mile radius were remarkably 

different from the others. The distribution of n-alkanes was 

heavily weighted in favor of C^g, C^y and C^g, in fact, in many 

samples C^y and C^g together comprised more than 50% of the total. 

Maxima always occurred at C^y or C^g. Since at high temperatures 

all of the hydrocarbon components would be boiled off at approximately 

the same rate and since these samples are also low in extractable 

hydrocarbon, it appears that as this boiling off took place, the 

heavier alkanes were preferentially cracked, leaving a residue rich 

in the lighter (Cj_0, C^y, C^g and C^g) n-alkanes. This conclusion is 
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consistent with observations made regarding the "maturing11 process 

in petroleums (Philippi, 1965; Landes, 1966). 

This change in the hydrocarbon distribution takes place abruptly. 

On the Slate River profile, it occurs between samples CB-18 and CB-41. 

On the East River profile, it occurs in the very short interval 

between samples CB-204 and CB-209. 

CARBON PREFERENCE INDEX 

The carbon preference index, i.e., the ratio of odd n-alkanes 

to even n-alkanes, was found to be close to 1 in all samples. A 

few samples showed a very slight odd or even preference, but this 

was not related to the distance of the sample from the intrusion. 

Bray (1961) showed that paraffins from recent sediments display 

a strong odd preference. Crude oils and ancient sediments, however, 

usually have a CPI close to 1. 

If the "unmetamorphosed" samples had displayed a high CPI 

(odd preference), then one might expect to see a trend toward a 

lower CPI with increasing metamorphism. Unfortunately, all the 

unmetamorphosed samples had CPITs very close to 1 and no such trend 

was discernible. No values for the CPI are presented in this study, 

but for those interested, the CPI for any sample can be readily 

calculated from the data in Appendix I. 

Apparently the hydrocarbons in the Mancos Shale have matured 

to a large degree since late Cretaceous time. Dapples (1939) 

estimates the regional geothermal gradient to be about 60f/°F. 



This is a rather high geothermal gradient and probably contributes 

to the early maturation of the hydrocarbons• 
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OTHER SATURATES 

The ratio of n-paraffins to all other saturates (mostly iso- 

and cycloparaffins) was estimated from chromatograms by measuring 

peak heights with a ruler, summing the normal and summing the non 

normal components in the C^g - **ange and dividing to obtain a 

ratio• The values for each sample are given in Table 2. The average 

value of 14 samples located within the 5 mile radius was 1.4. For 

15 samples located between 5 and 15 miles from the intrusion, the 

average was.3.0 and for the 8 samples from Glenwood Springs, about 

50 miles from the intrusion, the average was . 3.4. Metamorphism 

appears to cause an increase of iso- and cycloparaffins relative 

to n-paraffins. 

The samples in the 5-15 mile area resembled the unmetamorphosed 

material from Glenwood Springs much more closely than they did the 

Metamorphosed" samples within the 5 mile radius. This similarity 

between the unmetamorphosed samples and the samples between 5 and 

15 miles of the intrusion seems to hold for the other parameters, 

such as total extractable bitumen, color of aromatic fraction and 

n-paraffin distribution pattern. The distribution of the 

• n-paraffin  , . 
—M——: ratios is shown m Figure ; 7. 
cyclo + iso paraffin & 

ISOPRENOIDS 

An attempt was made to measure the pristane/phytane ratio, but 



Figure 6 

Histograms showing the percent composition of n-paraffins 

between C^ and for each sample. 



T
O

T
A

L 
n
-P

A
R

A
F

F
IN

S
 

C
1

6
-C

3
3

 

30 



%
 

T
O

T
A

L
 

n-
P

A
R

A
F

F
IN

S
 

C
16

-C
33

 

31 



%
 

T
O

T
A

L 
n-

P
A

R
A

F
F

IN
S
 

C
16

-C
33

 

32 



T
O

T
A

L
 

n
-P

A
R

A
F

F
IN

S
 

C
is

-C
x
s

 

33 



%
 

T
O

T
A

L 
n-

P
A

R
A

F
F

IN
S
 

C
16

-C
33

 

34 

ja m 26 32 20 22 24. 26 30 



%
 

T
O

T
A

L
 

n
-P

A
R

A
F

F
IN

S
 

C
is

-C
s

 

35 



%
 

T
O

T
A

L 
n-

P
A

R
A

F
F

IN
S
 

C
16

-C
33

 

36 



%
 

T
O

T
A

L 
n-

P
A

R
A

F
F

IN
S
 

C
16

-C
33

 

37 

/6 18 20 22 24 26 28 JO 32 



%
 

T
O

T
A

L
 

n
-P

A
R

A
F

F
IN

S
 

C
ie

-C
ss

 

38 



%
 

T
O

T
A

L
 

n-
P

A
R

A
F

F
IN

S
 

C
16

-C
33

 

39 



%
 

T
O

T
A

L
 

n-
P

A
R

A
F

F
IN

S
 

C
16

-C
33

 

40 



%
 

T
O

T
A

L
 

n
-P

A
R

A
F

F
IN

S
 

C
ie

-C
xs

 



%
 

T
O

T
A

L 
n

-P
A

R
A

F
F

IN
S
 

C
is

-C
ss

 

42 



%
 

T
O

T
A

L 
n

-P
A

R
A

F
F

IN
S
 

C
is

-C
ss

 

43 

J6 16 20 22 24 26 



F
IG

U
R

E
 

7 
n

-P
A

R
A

F
F

IN
 

D
IS

T
R

IB
U

T
IO

N
 

O
F
 
-
 

^
 

R
A

T
I
O

 

44 

x KX x x x x to 
in 

iii 

1 

L 

L 
i 

y 

SNIddVdVd OnDAD-OSl/SNIddVaVd-u 

D
IS

T
A

N
C

E
 

FR
O

M
 

M
A

IN
 

IN
T

R
U

S
IO

N
 

(M
l.

) 



45 

the species could not be resolved using the SE-30 columns. In theory, 

both pristane (2, 6, 10, 14 tetramethylpentadecane) and, phytane (2, 

6, 10, 14 tetramethylhexadecane) are formed from phytol, produced in 

the degradation of chlorophyll. High temperatures favor the decar¬ 

boxylation of phytol to form pristane. Thus, those rocks subjected to 

abnormal thermal stress should show a relatively high pristane/phytane 

ratio. Future work will require special techniques to determine the 

types and amounts of isoprenoids present. 

CLAYS 

The degree of induration of the shales was quite variable, 

ranging from very hard or hornfelsic near the main intrusion, to quite 

soft and unctuous at some distance. It is difficult to quantify the 

"hardness" of a shale, but from field notes, it appears that the 

transition from "hard" to "soft" occurs at about the five mile distance 

Burst (1969; p. 87, Figure 10) shows that the change from swelling 

clays to non-swelling clays occurs at a temperature of about 100°C at 

a depth of burial of 3000 feet, the approximate depth of burial of the 

Mancos in this area. X-ray diffraction patterns run on the Crested 

Butte samples indicate the first appearance of swelling clays about 

seven miles from the main intrusion, or two miles further out than 

the region where the major change in the organic material takes place. 

Thus, the "unmetamorphosed" region has probably not been subjected 

to temperatures much greater than 100°C. The "metamorphosed" region 
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five miles or less from the center of the intrusive trend, has been sub¬ 

jected to somewhat higher temperatures• 

GEOTHERMAL HISTORY 

The map shows that all the significant changes that have been noted 

occur in a narrow band located about 5 miles south of the main intrusive 

trend. There are two possible explanations for this phenomenon. There 

may actually have existed a uniform lateral temperature gradation from 

the main trend outward, and the band of change represents a "critical" 

or threshold paleotemperature above which the organic-metamorphic 

reactions occurred. Alternatively, the band may mark the boundary be¬ 

tween two distinct regions: one subjected to high temperatures and one 

that had a relatively "normal", or submetamorphic, thermal history. 

Thermodynamics would tend to favor the latter explanation. Because of 

the variety of the reactions involved, itfs unlikely that all the ob¬ 

served changes would occur at approximately the same threshold temperature. 

The two regions separated by a sharp boundary may reflect sub¬ 

surface igneous structure. This structure may be related to the discord¬ 

ant intrusives to the north and northwest, i.e., the Ruby Dikes— 

Paradise Stock—Augusta Stock trend. In this case, the entire complex 

would constitute an igneous mass of batholithic proportions. 

Alternatively, the postulated subjacent igneous mass may be related 

to the White Mountain stock which is located about six miles to the 

northeast. The stock appears to plunge to the southwest, going beneath 

the surface approximately under the "region of metamorphism". Associ¬ 

ated with the White Mountain stock are several still active hot springs 

which seem to indicate the probability of long term thermal effects 



caused by this mass, 

is the most probable 

47 

At any rate9 some sort of underlying intrusion 

explanation for the zone of high temperature effects. 
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SUMMARY 

Because of the thermal complexity of the Crested Butte area, it 

was impossible to evaluate the various parameters with respect to gradu¬ 

ally increasing levels of incipient metamorphism. A number of observa¬ 

tions regarding the effect of metamorphism on the organic content of the 

Mancos Shale, and regarding the thermal history of the area, can be made 

however: 

1. Metamorphism drastically reduces the amount of extractable 

bitumen. 

2. Hydrocarbon content is much more drastically reduced by meta¬ 

morphism than is organic carbon. 

3. In the Crested Butte samples, the saturate/aromatic ratio does 

not seem to reflect the degree of metamorphism. 

.4. Aromatic fractions from rocks subjected to high temperatures 

are lighter in color than those from relatively unmetamorphosed 

areas. 

5. The n-paraffins between C^g and C33 from the unmetamorphosed rock 

are rather evenly distributed, while the n-paraffins from the 

metamorphosed samples are predominately C^g, C^y, C^g, and C^g. 

Metamorphism decreases the average molecular weight of the n- 

paraffins. 

6. The carbon preference index is very close to 1 for all samples. 

The hydrocarbons had probably matured to a large degree before 

metamorphism occurred. 

.7. n-Paraffins in the samples from within a five mile radius 
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of the main intrusion were a significantly smaller 

proportion of the total saturate fraction than were 

the n-paraffins in samples from beyond five miles. 

The samples from between five and fifteen miles 

closely resembled the unmetamorphosed samples from 

near Glenwood Springs. 

,8. The shale was hornfelsic or very well indurated near 

the intrusion, medium-hard at about five miles out, 

and soft and unctuous at greater distance. The first 

swelling clays appeared at a distance of about seven 

miles. 

.9. All the changes noted occur in about the same region 

— between five and seven miles of the main intrusion. 

The samples between five and fifteen miles closely 

resemble the unmetamorphosed samples. Therefore, the 

sample profile probably does not reflect a gradation 

in temperature, but rather defines two zones. In the 

zone within about five miles from the intrusion, temper¬ 

atures were high enough to produce metamorphic effects 

in the organic and mineralogical constituents of the 

rock. This zone is bordered by a narrow region in which 

temperature decreased rapidly to the region of "normal" 

submetamorphic temperatures, probably not much greater 

than 100°C. 
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10, The region of high temperature may delineate the 

subjacent structure of the intrusives to the north, 

or may be related to igneous activity to the east. 



SUGGESTIONS FOR FURTHER STUDY 

Many questions pertaining to incipient metamorphism in general 

and to the Crested Butte samples in particular remain unanswered. 

Many lines of investigation could be pursued to enhance and further 

this study. Six such topics deserving of future investigation ace 

suggested by the author. 

,1. Samples were taken before the metamorphic zones were 

defined. As a result, few samples were taken in the 

"critical” transition zone. To accurately define the 

changes taking place9 extensive sampling should be 

carried out in this region. 

2. A gravity survey of the area could be performed to 

determine if the two zones are actually reflecting 

the igneous substructure. 

,3. Baker (1969) reports that the saturate/aromatic ratio 

varies with degree of incipient metamorphism. The 

Crested Butte samples showed no such variation and 

values were quite random. The only difference in 

sample preparation technique is in the elution 

chromatography. Perhaps if the saturate and aromatic 

fractions from Crested Butte were obtained using 

Baker’s method9 some trend in the ratios could be observed. 

,4. The theoretical considerations previously discussed 

would indicate that the pristane/phytane ratio should 
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be an indicator of thermal history. Blumer and 

Snyder (1965) show that pristane/phytane is a function 

of geological age. The pristane/phytane ratios for 

the Crested Butte suite could be obtained by using 

the technique of capillary column gas chromatography, 

or the special eutectic method described by Hanneman 

et al. (1960) could be utilized to obtain the desired 

data. 

5. The ratio of n-paraffins to all other saturates was 

found to be one of the more sensitive indicators of 

metamorphism. In this study the ratio was crudely 

estimated by measuring peak heights on the chromatograms. 

Future work should include quantitative measurement of 

this ratio using either molecular sieves or urea 

adduction to separate the normals from the other 

components of the saturate fraction. 

6. Finally, a series of laboratory experiments could 

be performed to determine what types of changes are 

caused by metamorphism of organic material, and in 

what realm of temperatures and pressures these changes 

occur. This work would include the use of a P-T bomb 

in which the unmetamorphosed shale could be subjected 

to a variety of metamorphic conditions, removed, and 

analyzed. The effects of factors that cannot be 



evaluated in field samples9 such as the effect of 

water on the system or the difference between an 

open and a closed system9 could be evaluated using 

such a method. 
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APPENDIX I 

Numerical Values of % n-Paraffins 
as shown in Figure 6 

SAMPLE NUMBER (CB) 
% Total 

■Paraffins 2 3 4 6 7 9 10 
MM 

C 
16 ,5.96 14.89 11.94 9.32 .9.53 8.09 9.49 

C 
17 23.83 30.95 24.12 28.67 11.18 17.48 26.49 

C 
18 27.57 24.15 34.66 25.81 ,9.53 22.01 18.54 

C 
19 21.50 .9.61 .9.13 9.32 8.51 7.12 10.60 

C20 7.01 4.34 5.39 .5.38 7.37 8.09 5.52 

C 
21 3.50 ,2.23 2.34 3.58 .6.61 2.59 ,2.43 

C 
22 ;1.99 ,3.28 .1.87 4.66 .6.35 6.15 .3.09 

C 
23 .2.10 ..1.52 1.29 2.87 .6.10 . ,3.56 .2.43 

it 
C
M
 

O
 

,1.17 .1.64 . 1.81 ,2.51 5.21 .4.85 2.43 

c 
25 ,1.40 1.17 .1.40 2.15 ,5.97 4.53 .2,43, 

C26 0.64 . .1.41 . 1.52 1.79 ;5.08 .5.50 2.43 

°27 .1.11 0. 82 0.76 .1.43 .4.70 2.27 .1.10 

C 
28 ;0.58 .0.94 . ,1.23 .1.08 3.56 2.59 .1.77 

C 
29 0.70 .0.82 0.47 0.72 3.43 .1.62 . 0.88 

C 
30 ,0.47 .0.59 0.70 .0.36 .2.29 1.62 .0.66 

c 
31 0.35 .0.82 .0.70 0.36 .2.29 0.97 .1.32 

C
M
 

C
O
 

O
 

.0.12 0.47 .0.35 0.00 1.27 .0.65 .0.22 

C33 ,0.00 .0.35 0.29 0.00 1.02 0.32 .0.44 



APPENDIX I (cont.) 

SAMPLE NUMBER (CB) 

% Total 
n-Paraffins 11 12_ 15 18 19_ 20_ 22_ 

C16 
9.49 14.29 14.68 15.20 6.13 4.30 20.57 

C17 
27.27 21.69 36.29 31.77 7.75 5.83 19.57 

C18 25.05 17.46 23.63 23.00 7.25 5.38 26.24 

°19 
10.51 7.94 7.26 8.77 6.13 6.28 10.64 

C20 5.66 6.08 3.04 3.51 6.63 5.83 6.38 

C21 2.83 3.17 1.69 3.51 5.63 5.30 3.90 

C22 3.23 5.29 1.69 1.75 6.50 6.10 3.19 

C23 2.42 2.91 .0.93 1.75 6.13 6.37 2.13 

°24 
3.43 3.70 1.35 1.95 6.88 6.55 1.77 

C25 3.43 3.70 2.53 1.95 6.88 7.35 1.06 

C26 
2.63 3.44 1.60 1.95 6.88 7.34 1.42 

C27 1.41 2.38 0.84 1.36 6.38 7.09 1.06 

C28 1.21 1.59 1.27 0.78 5.25 6.10 0.35 

C29 0.61 1.85 0.84 0.78 6.13 5.56 1.06 

c30 0.20 1.59 0.84 0.58 3.62 4.75 0.35 

C31 0.40 1.06 0.76 0.78 4.00 4.48 0.71 

C32 0.20 1.06 0.42 0.39 1.75 3.14 0.00 

C33 0.00 0.79 0.34 0.19 1.62 2.24 0.00 
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APPENDIX I (cont.) 

SAMPLE NUMBER (CB) 

% Total 
n-Paraffins 23 24 201 202 203 204 205 

C16 6.61 5.70 . 3.64 .6.42 . 13.62 15.94 7.45 

C17 12.12 21.29 .6.34 8.59 28.48 16.66 ,8.70 

C18 .11.29 26.69 .4.26 6.74 18.58 13.04 8.28 

c19 7.16 9.90 .5.20 6.74 11.15 12.68 8.49 

o
 

fs
3 

O
 5.23 ,4.95 .5.51 5.87 .5.26 ,8.69 7.45 

C21 .5.51 2.55 5.61 5.54 2.17 ,7.24 7.25 

C22 5.79 ,4.65 7.28 6.09 .3.10 5.79 6.63 

C23 5.51 2.85 ,7.27 .6.42 .1.55 4.34 6.21 

C24 ,6.34 4.05 ,7.48 7.29 2.48 3.62 6.21 

c25 .5.79 3.30 7.90 7.29 .1.86 3.26 ,6.00 

c26 5.79 3.90 7.28 .5.98 2.48 2.53 5.80 

c27 4.96 ,2.70 ;7.07 6.96 1.55 2.17 4.97 

C28 .4.68 .2.25 .6.13 6.20 .2.48 1.08 .4.14 

C29 .4.13 1.50 6.24 6.52 1.55 1.08 3.73 

c30 3.03 . .1.20 .4.16 .4.46 .1.55 0.72 2.90 

C31 3.03 1.65 4.05 4.67 1.24 0.72 2.90 

C32 1.65 .0.45 2.39 2.61 .0.62 0.36 1.45 

C33 1.38 .0.45 2.18 2.28 0.31 1.45 
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APPENDIX I (cont.) 57 

SAMPLE NUMBER (CB) 

% Total 
n-Paraffins 206 207 208 209 210 212 251 

C16 
9.39 .4,41 .2.56 .3.45 . 3.86 8.18 4.95 

C17 11.43 6.03 14.99 5.12 6.33 .9.78 8.41 

C18 .9.90 ; 5'. 80 18.28 4.73 4.94 6.19 .9.01 

C19 ,9.90 6.73 12.07 5.91 6.12 ,6.09 9.31 

C20 .8.19 6.03 6.95 6.50 .6.44 5.09 8.26 

C21 ,7.17 5.92 ;4.75 ,7.09 6.22 5.29 7.81 

C22 6.48 6.38 .5.30 7.59 .7.19 .5.39 7.51 

C23 .6.31 6.96 ,3.66 8.18 7.19 5.59 6.76 

C24 
5.63 7.43 4.20 8.18 7.62 5.59 ,5.41 

C25 
5.46 .7.78 ,6.03 8.18 7.83 ,6.59 5.86 

c26 .4.44 .7.54 .4.94 .7.39 7.40 6.09 .5.26 

C27 3.58 7.43 .3,66 6.80 6.76 .6.59 .4.35 

C28 3.07 6.50 .2.93 5.42 5.90 .5.79 .3.75 

C29 2.56 6.38 ;2.56 ;5.42 5.47 6.39 3.60 

C30 2.39 5.22 .2.01 .3.55 3. 86 3.29 3.00 

C31 2.05 4.99 .2.56 3.25 3.54 .4.49 2.70 

C32 1.19 2.90 1.28 .1.67 1.72 1.80 1.95 

C33 0.85 2.43 .1.28 .1,58 : 1.61 1.80 2.10 



APPENDIX I (cont.) 

SAMPLE NUMBER (GB) 

% Total 
n-Paraffins 252 253 254 257 258 259 

C16 
8.72 8.15 .9.76 7.99 .3.88 12.34 

C17 14.64 13.77 11.61 14.31 5.81 13.62 

C18 11.84 9.06 ,8.44 11.98 ; 4.46 11.06 

C19 9.19 8.51 .9.76 .9.32 .5.62 9.79 

C20 6.54 7.61 8.18 .6.32 .4.46 8.51 

C21 6.23 6.52 .7.92 .5.49 .5.23 6.81 

C22 .5.61 7.25 7.39 5.32 5.23 . 6.81 

c23 : 4.83 5.98 6.33 .4.66 .6.01 .5.53 

C24 .4.83 5.62 6.07 4.66 5.62 .5.53 

C25 4.98 5.25 5.01 4.83 7.17 .5.53 

C26 4.98 . 4.89 5.28 4.83 .6.20 4.26 

C27 3.43 3.62 .3.17 ,3.49 ,8.91 2.13 

G
O
 

C
M
 

O
 2.96 3.62 .3.17 4.83 6.01 2.13 

C29 2.96 3.26 2.37 .3.00 11.05 1.70 

C30 2.34 . 1. 81 . 1. 85 2.16 .3.29 ,1.28 

C31 2.96 2.54 1.85 .2.83 6.40 .1.28 

C32 1.71 1.27 .1.06 .2.16 .1.74 . 0.85 

C33 
,1.25 1.27 ;0.79 1.83 2.91 O'. 85 
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Appendix II 

Thimble Extract Blanks from Soxhlet Extractor 

Blank No. 
Thimble 
size 

Extraction 
Time (hr.) 

Wt • Extract 
(mg) 

Extract 
Solvent 

1 L 18 16.7 .5.6 

2 L 37 20.8 4.2 

3 L 25 13.8 2.8 

4 L 47 

CO • 
CD 1.0 

5 L 24 - M 

6 L 23 - - 

7 M 23 - - 

8 S 48 11.4 15.2 

9 S 48 1.8 2.4 

10 s 95 5.5 7.7 

11 s 47 8.0 12.4 

12 s 50 0.2 .0.3 

Blank 1 

Blank 2 
Composite A = 37.5 mg. 

Blank 3 

Blank 4 
Composite B = 20.1 mg. 

Composite A = 8.2 mg. saturates + .1.6 mg. aromatics 

Composite B = 1.4 mg. saturates +0.2 mg. aromatics 



Appendix III 

Percent n-Paraffins of Four Aliquots of Sample CB-251 

60 

Run 1 Run 2 Run 3 Run ■ 

C16 .4.94 .5.07 4.64 .4.96 

C17 ,8.39 8.25 8.32 8.49 

C18 8.99 8.60 8.77 9.04 

C19 9.44 9.53 9.11 9.28 

C20 .8.24 .8.17 8.52 8.23 

C21 
7.79 7.57 7.91 7.87 

c22 7.37 7.70 7.81 ,7.44 

C23 
,6.75 7.06 7.09 .6.77 

C24 .5.40 5.48 5.48 5.38 

C25 5.85 .5.53 5.62 .5.91 

C26 ,5.25 .5.41 5.11 .5.21 

C27 4.46 .4.37 4.56 4.39 

C28 3.74 3.97 ; 3.80 3.78 

C29 3.48 ,3.50 .3.80 3.63 

C30 2.99 3.09 .2.84 3.00 

C31 
2.74 .2.89 2.58 .2.62 

C32 1.95 .1.61 1.91 2.00 

c33 2.22 .2.21 2.13 .2.00 
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