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ABSTRACT 

THERMAL METAMORPHISM OF THE ORGANIC MATTER 

IN THE MARCOS SHALE NEAR 

CRESTED BUTTE, COLORADO 

Justo Camejo Ferreira 

The area of this study is located in west central Co¬ 

lorado, near the town of Crested Butte. In this area, Creta¬ 

ceous and Tertiary sedimentary rocks have been intruded by 

Tertiary igneous rocks. 

The results of previous work on the organic geochem¬ 

istry of the Mancos Shale in this area were somewhat unex¬ 

pected, since a continuous transition from metamorphosed to 

non-metamorphosed conditions from the hot "backbone” of the 

Ruby Range outward was not confirmed. Instead, two zones 

were defined: one very extensive metamorphosed zone and one 

non-metamorphosed zone. This led to the interesting possi¬ 

bility of an underlying igneous mass as the agent of the ob¬ 

served metamorphic effects. This being the case, all the ex¬ 

pected changes in the organic matter in the Mancos Shale 

would occur in-a narrow, "critical" transition zone. 

The main purpose of the present investigation was the 

study of a series of samples from the "critical" zone in or¬ 

der to achieve a better understanding of the thermal history 

of the area and its metamorphic effects. 

A continuous transition between the metamorphosed and 

the non-metamorphosed zone was found well recorded by: total 
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extractable bitumens; ratio hydrocarbons/organic carbon; ratio 

resins/organic carbon; coal; ratio n-paraffins/iso-cycloparaf- 

fins; kerogen; normal paraffin distribution and pristane/phy- 

tane ratio. 

The total extractable bitumens decrease from the non- 

metamorphosed to the metamorphosed zone. The same was observed 

with the ratios hydrocarbons/organic carbon, resins / organic 

carbon, n-paraffins/iso-cycloparaffins and pristane/phytane. 

The cbal increase in rank from the non-metamorphosed 

zone (bituminous) to the metamorphosed zone (semi-anthracite). 

The thermal alteration index of the kerogen increases 

from the non-metamorphosed to the metamorphosed zone, the col¬ 

or changing from light brown to black. 

The n-paraffin distribution in the to inter- 

Tal Shows a predominance of C^, C18 and C19 paraffins In the 

metamorphosed zone, while in the non-metamorphosed and in the 

transition zone the n-paraffins are more evenly distributed. 

The above results strongly suggest an underlying ba- 

tholith, to which the entire igneous complex must be related. 

Other interesting conclusions frpm the present study 

ares 1) The resins seem to be as sensitive as the hydrocarbons 

to low grade thermal metamorphism; 2) The relative proportion 

of pristane and phytane decreases with respect to the normal 

paraffins, and also with respect to the iso-cycloparaffins; 3) 

The pristane/phytane ratio decreases with increasing metamor - 

phism. 
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INTRODUCTION 

The area of this study is located in the Gunnison 

County, west central Colorado, near the town of Crested Butte. 

Figure 1, adapted from Gaskill et al. (1971), shows the loca¬ 

tion and geology of the area. 

Cretaceous, Tertiary and Quaternary sedimentary rocks 

crop out in the Crested Butte area. The regional dip is west¬ 

ward, at low angle. Gentle folds and a few normal faults are 

present in this area. 

The Dakota Sandstone is composed mainly of conglome¬ 

ratic sandstones. This formation is overlain conformably by 

the Mancos Shale, which attains a thickness of approximately 

1200m in this area (Lee, 1912). The Mancos Shale is composed 

primarily of black, carbonaceous shales. 

The Mesa Verde Formation overlies conformably the 

Blancos Shale. This formation is composed of shales and sand¬ 

stones, with a total thickness of 700-900m. 

An unconformity separates the above Cretaceous forma¬ 

tions from the conglomeratic sandstones of the Tertiary. Qua¬ 

ternary deposits are represented mainly by river deposits. 

The Cretaceous and Tertiary sedimentary rocks have 

been intruded by Tertiary igneous rocks belonging to the West 

Elk laccolithic cluster (Godwin and Gaskill, 1964). These in¬ 

trusions are associated with the uplift of the Rocky Moun¬ 

tains during the Tertiary. The most prominent are the large 

laccoliths (Snodgrass Mountain, Gothic Mountain, Crested Butte 

Mountain etc.), and the associated intrusive sheets. 
■( 

An impressive number of dikes, stocks and sills is 
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present in the Ruby Range, which trends NE-SW. 

According to Lee (1912) and Godwin and Gaskill (1964) 

by far the greater number of intrusive rocks of the area is 

composed of quartz monzonite. 

The amount of heat associated with the laccolithic 

bodies is relatively small, as indicated by the almost lack 

of contact metamorphism and associated mineralization.Accord¬ 

ing to Dapples (1939)» alteration of the clastic sedimentary 

rocks of the area is scarcely noticeable megascopically. On¬ 

ly a thin envelope of silicified sediments can be found adja¬ 

cent to these igneous masses. In the Anthracite Range, the 

silicified zone is about 30m wide, the shales being spotted 

and locally altered to hornfels. Zeolites appear near the in¬ 

trusions, but no minerals indicative of higher temperatures 

have been found. 

All the stocks display aureoles of contact metamor¬ 

phism and mineralization, which extend locally 1.5km or more 

(Hamilton, 1971). Therefore, it seems that the bulk of the 

heat associated with the intrusive complex is confined to the 

«backbone” represented mainly by the Mount Owen stock, Afley 

stock, Ruby Range dikes, Augusta stock and Paradise stock. 

According to Dapples (1939)» all the outcropping in¬ 

trusions in the Anthracite-Crested Butte area are shallow 

depth type, as evidenced by the prominent zoning of the po¬ 

tassium feldspar and the fine-grained groundmass. Gilbert 

(1880) observed that no evidence of marked plasticity of 

strata, indicative of deep seated intrusions, exist in thi6 

area 
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PURPOSE OF THE INVESTIGATION 

The area near Crested Butte apparently presents al¬ 

most ideal conditions, as far as the geology is concerned, 

for the study of thermal alteration of organic matter in se¬ 

diments. Dr. Donald R. Baker, of Rice University, designed a 

project based upon this fact. 

The idea was that the Ruby Range, with its large num¬ 

ber of intrusive bodies concentrated along a relatively nar¬ 

row "backbone”, would act as a hot spot from which a thermal 

gradient would spread. Thus, a continuous transition from 

high grade metamorphism (rock metamorphism), through low 

grade metamorphism (eometamorphism, anchimetamorphism), to 

non-metamorphosed conditions certainly would be recorded by 

the organic matter present in the sedimentary rocks. 

The initial work on this project was done by Hamilton 

(1971). This author studied the organic geochemistry of the 

Mancos Shale applying mainly the conclusions and techniques 

of Bray and Evans (1961), Baker (1962), Landes (1966, 1969) 

and Baker and Claypool (1970). 

The results of Hamilton's investigation, however, 

were somewhat unexpected. All the samples within 10 km from 

the main intrusive trend consistently presented relatively 

high metamorphic effects, while those beyond this range show¬ 

ed no metamorphism. The approximate boundary between these 

two zones is shown in Figure 1. 

From the above results, Hamilton concluded that some 

kind of underlying intrusion was the most probable explana- 
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tion for the zone of high temperature effects, a conclusion 

that seems to be very reasonable. There are recorded in¬ 

stances where the aureole must extend for at least 1 km from 

the nearest plutonic contact (Turner, 1968), but contact au¬ 

reoles 10 km wide apparently have not been observed. 
t 

Hamilton speculated on the possibility that this un¬ 

derground igneous body might be related to the discordant in¬ 

trusives of the Euby Range. In this case, the entire complex 

would constitute an igneous mass of batholithic proportions. 

He also advanced the possibility that it might be related to 

the White Mountain stock, which is located about 10 km to the 

northeast. 

Numbers in Figure 1 refer to sample locations in Ha¬ 

milton's work. As can be seen, no samples were taken within a 

strip 2 to b km wide in which the boundaries between the me¬ 

tamorphosed and non-metamorphosed zones have been defined. It 

is possible that a transition zone, representing the effects 

of eometamorphic temperatures had been missed. 

The main purpose of the present investigation was 

the study of a series of samples from the above "critical" 

zone in order to get a better picture of the thermal history 

of the area and its geological relationships. If Hamilton' s 

interpretation is correct, this is an excellent oportunity to 

study the reaction of organic matter to increasing temperatu¬ 

res, since a steep temperature gradient would occur within a 

relatively short distance. It is also valid to expect that 

the conditions of deposition of the Mancos Shale were more u- 
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niform in this small "critical" zone than in the entire area, 

and that better control on the stratigraphic position of the 

samples can be attained. 

The area selected for this study is located 5 to 10 

km north of the town of Crested Butte, as shown in Figure 1. 

A total of 10 samples were collected along the East 

River, where excellent outcrops of fresh Mancos shale has 

been provided by the rapid erosion by the river. The samples 

were numbered CB-301 to CB-310. The geographic location of 

each sample is shown in the detail map, Figure 2. Sample CB-7, 

also shown in this map, is an old sample restudied by the au¬ 

thor of the present investigation. 

In order to determine the stratigraphic position of 

the samples, a cross-section along the East River was done by 

the author.(Figure 20). The 29 outcrops where strikes and 

dips were measured are identified in Figure 2. 

Due to the absence of marker beds, the structure of 

the area was interpreted as the best fit for the available 

attitude data. It must be noted that no evidence of faulting 

along the profile was observed during the field work. 

From the cross-section, the stratigraphic distribu¬ 

tion of the samples, shown in Figure 3» was obtained. 

The present investigation was designed in such a way 

that not only improved techniques were employed, but also new 

techniques were tested. The laboratory work was complemented 

by extensive literature research. 
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STRATIGRAPHIC DISTRIBUTION 

OF THE SAMPLES 
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ANALYTICAL METHODS 

Each sample was studied according to the flow dia¬ 

gram and analytical methods summarized in Figure 4. 

a) Bitumen Extraction 

After washing and scrubbing to remove surface con¬ 

tamination, samples for bitumen extraction were initially 

crushed to 1/4 inch in a jaw crusher and then pulverized in 

a hammer mill to particle sizes in the range of 8 to 16 mi¬ 

crons. The bitumens, then, were extracted in a large soxhlet 

by refluxing with pure benzene at its boiling point. 

The benzene extract from each sample was recovered 

initially by distillation of the solvent under reduced pres¬ 

sure in a rotating evaporator (”Flash Evaporator” , Buchler 

Instruments). When the benzene extracts were reduced to a few 

cubic centimeters, they were transferred to small weighing 

vials and the remaining solvent was removed in a water bath 

at 40°C. A stream of dry nitrogen was used to hasten evapora¬ 

tion. Heating of the residue was continued until successive 

weighings at 5 minute intervals did not differ by more than 2 

miligrams. 

The benzene used for the extraction of the bitumens 

was of reagent grade (ACS specifications), thiophene free, 

redistilled to eliminate contamination by non-volatile con¬ 

stituents. 

Twelve 3 liter samples of this benzene were blanked 

for control purpose. The mean of the residues was found to 
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be 0.17 mg/1, as shown in Table I. This is a reasonable re¬ 

sult, since it represents a contamination of less than 2 mg 

to the total extract. 

The thimble in the soxhlet was blanked prior to the 

extraction of each sample by refluxing 6 to 8 liters of the 

purified benzene for 48 hours. The 13 residues were combined 

and then chromatographed. The results, summarized in Table 

III, indicate that most of the contamination due to the thim¬ 

ble is composed of shale dust, fibers and non-hydrocarbons. 

These are separated either by decantation or by filtration 

during further treatment of the bitumens. The contribution of 

hydrocarbons and resins is negligible, since the average for 

the 13 blanks is 1.0 and 0.8 mg, respectively. 

b) Carbon Analysis 

For total carbon analysis, samples prepared as above 

were loaded into non-filtering crucibles, metal accelerators 

were added, and .then the carbon content was determined by 

combustion in a Leco Model 572-100 induction furnace connect¬ 

ed to a gasometric carbon analyzer. 

For organic carbon analysis, the samples were pre¬ 

viously digested in 15% HC1 for 24 hours in filtering cruci¬ 

bles, at room temperature. The purpose of this treatment was 

to remove the carbonates eventually present. After washing 

with tap water (without removing the samples from the cruci¬ 

bles), and drying in electric oven at 120°C for two hours, 
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the carbon content was determined as above. 

According to Baker and Claypool (1970), the analyt¬ 

ical precision for this method ranges from 2 to more than 13% 

at the 1 ~ O' level of confidence. For samples with more than 

0.5 weight % carbon, as those of Crested Butte, precision is 

generally better than 5%• 

Blanks were run with each set of 4-5 samples. These 

blanks were very low, with an average of 0.03 weight % , so 

that corrections were not deemed necessary. 

Samples of standard known weight % carbon were fre¬ 

quently run in order to check the precision of the analytical 

method. Good agreement was obtained between the reported and 

the determined values. 

c) Solid-Liquid Chromatography 

The extracts were fractionated via solid-liquid 

chromatography according to the technique described by Cum¬ 

mins and Bobinson (1964)» slightly modified. 

Aliquots of the extracts were transferred to 250 ml 

flasks and treated with 30 ml n-pentane. The flasks were then 

tightly stoppered, stirred for one hour on a magnetic stirrer 

and then allowed to stand overnight at room temperature. The 

purpose of this treatment was to precipitate the asphaltenes. 

The n-pentane soluble material was transferred from 

the flasks directly to alumina chromatographic columns 8 mm 

I.D. with 15 cm of packed length. The alumina (’♦Alcoa*1, F-20, 



80 - 200 mesh) was previously extracted with n-pentane, dried, 

and then activated at 400°C for three hours. 

The residues were washed four times with 5 ml por¬ 

tions of n-pentane, each washing being transferred directly 

to the chromatographic column. 

For exhaustive elution, an additional 50 ml n -pen¬ 

tane was added to the column. The eluted fraction contains 

mainly hydrocarbons. 

The column was then eluted with 60 ml benzene fol¬ 

lowed by 60 ml of a mixture of 90% benzene and 10% methanol. 

The fractions Resin I and Resin II were thus recovered. 

The hydrocarbon fraction was subjected to silica-gel 

chromatography through the same column filled to 18 cm of 

packed length. The silica-gel ("Davidson”, Code 950, 60 - 200 

mesh), was extracted with n-pentane, dried, and then activa¬ 

ted at 200°C for 5 hours prior to use. 

The column was eluted first with 60 ml iso-octane, 

then by 50 ml benzene and finally by 40 ml of a mixture of 

benzene and methanol as above. The recovered fractions con¬ 

tain mainly alkanes, aromatics and polar compounds (HSO). 

The eluents used were of the highest quality, and 

were distilled or redistilled prior to use. Table II shows 

the results of blank checks. 

Blank checks were run through the entire chromato¬ 

gram procedure with each set.of two samples. The results are 

assembled in Table IV. 

In order to determine the reproducibility of the 
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overall analytical method, four additional aliquots of sample 

CB-307 were chromatographed as described. The results and 

statistical treatment of the data are shown in Table V. 

It must be noted that the extraction and chromato¬ 

graphic operations place a lower limit on the molecular size 

of the recoverable hydrocarbons, correponding to molecules 

with about 12 carbon atoms.- The retention of hydrocarbons 

with fewer than 12 carbon atoms is considered nil, whereas 

the retention of heavier hydrocarbons is significant and in¬ 

creases towards 100% with increasing carbon numbers (Baker 

and Claypool, 1970). Further, the accuracy of hydrocarbon de¬ 

termination on sediments is unknown. No standard samples ex¬ 

ist with which accuracy can be established (Ferguson, 1962). 

d) Molecular Sieve Adsorption 

The normal paraffins were separated from the iso-cy- 

cloparaffins by molecular sieve adsorption. Â method similar 

to that described by O'Connor et al. (1962) was consistently 

followed. 

The alkanes were placed in the adsorption flask and 

iso-octane and molecular sieves were added. The ratio sample: 

molecular sieves-: iso-octane was 1 ; 20 : 50, by weight, for 

each sample. 

The mixture was gently swirled to dissolve the al¬ 

kanes, and then the solution was vigorously refluxed for at 

least four hours. 
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Still hot, the solution was filtered. The retained 

molecular sieves and the reaction flask were washed with two 

5 ml portions of hot (70°C) iso-octane, the washings being 

combined with the original filtrate. 

The solvent was evaporated in a water bath, a stream 

of dry nitrogen being used to hasten evaporation. 

The molecular sieves ("Fisher”, 8-14 mesh pellets, 

5A) were activated at 400°C for 24 hours prior to use. 

The iso-octane ("Fisher”, reagent grade) was purifi¬ 

ed by slowly percolating through a column (1.0 cm I.D. x 40 

cm) packed with powdered molecular sieves activated as above. 

In order to determine the reproducibility of the 

method, eight aliquots of alkanes from sample CB-307 were 

adsorbed as described. The results and statistical analysis 

are assembled in tables VI and VII, 

e) Recovery of the Normal Paraffins 

O'Connor et al, (1962) reported that adsorbed normal 

paraffins can be recovered from the sieves by extraction with 

n-pentane. According to the authors, a recovery of 95# can 

be obtained in 17 days of desorption. 

In the present Investigation, the sieves were trans¬ 

ferred from the filter to 100 ml pear-shapped flasks, and 90 

ml n-pentane were added. Then, the flasks were tightly stop- 

ered and left undisturbed for a period of at least 20 days, 
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at the end of which the solution was filtered and the solvent 

removed as usual* 

f) Gas-Liquid Chromatography 

The total alkanes, iso-cycloparaffins and the normal 

paraffins from aliquots of each sample were analyzed in a 

Perkin Elmer Model 990 gas chromatograph. 

Two identical columns were simultaneously used, one 

as sample column and the other as reference. These columns 

were 20 feet long, 1/8” I.D., and packed with an inorganic 

salt eutectic as described by Hanneman et al. (I960). Chromo- 

sorb B was used as supporting material instead of the Fire¬ 

brick G-22 used by those authors. 

Each column was conditioned at 300°C until the base 

lines on the chromatograms were completely stable. 

Excellent resolution was obtained with the above e- 

quipment. The chromatograms present sharp, very well defined 

peaks, as can be seen in figures 11 and 12. The isoprenoids, 

which were not resolved by the SE-30 previously used column, 

are very well displayed on the chromatograms. 

Chromatograms of the iso-cycloparaffins show that 

the normal paraffins were completely removed by the molecular 

sieve treatment, and those of the normal paraffins showed no 

iso-cycloparaffins. 

Following are the conditions for all analyses: 
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Detector: 

Recorder: 

Column Temperature: 

Manifold Temperature: 

Injector Temperature: 

Flow Rates: 

Hydrogen Flame Ionization 

Leeds and Northrupt,Speedomax 

Type Q 

Isothermal at 160°C for 2 min. 

Increased by l6°C/min to the 

final temperature of 300°C. 

Isothermal at 300°C for 10 or 

more minutes. 

325°C 

300°C 

Helium, 30 ml/min.; Hydrogen, 

33 ml/min*; Air, 35 ml/min. 

The peaks on the chromatograms were identified by 

co-injection with known standards and by comparison of reten¬ 

tion times. 

The relative proportion of each normal paraffin was 

determined by calculating the area under the proper peak and 

then relating to the total area of the peaks between and 

C„. 

the 

were 

the 

In order to determine the reproducibility of 

method, five aliquots of the control sample (CB-307) 

chromatographed as, described. The results, as well as 

statistical analysis, are shown in Table VIII. 

g) Kcrogen 

The kerogen was separated according to the technique 
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described by Staplin (1969). This technique is the standard 

procedure used in palynology, but without an oxidation step. 

The separated kerogen was washed several times, and 

then mounted on regular glass slides for microscopic examina¬ 

tion. 
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RESULTS AND INTERPRETATIONS 

a) Total Extractable Bitumens 

Tabla IX shows the total extractable bitumens as 

well as the weight of rock extracted for each sample. The 

distribution of these values along the East River profile is 

shown as a simple bar graph in Figure 5. 

A close examination of Figure 5 indicates some 

important relationships. Samples CB-301 to CB-305 present 

very small amounts of extractables. These samples . probably 

represent the metamorphosed zone, where the Mancos Shale was 

subjected to temperatures high enough to destroy most of the 

extractables, ohly a residue being left. 

Samples CB-308, CB-310 and CB-7» on the other 

hand, consistently show high values. These samples probably 

represent the zone where only diagenetic temperatures pre¬ 

vailed, so that not only the extractables were preserved but 

also some resins and hydrocarbons were still being produced 

from the kerogenic material. This zone will be referred here 

as the non-metamorphosed zone. 

Samples CB-307, CB-309 and CB-306 present a con¬ 

tinuous decrease in the amount of extractable bitumens, as if 

the shale had been subjected to progressively higher tempera¬ 

tures. In this case, destruction of the extractable material 

prevailed. This zone will be referred as the transition zone. 

The above observations are in agreement with Ha¬ 

milton conclusion that metamorphism drastically reduces the 
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amount of extractable bitumens. 

The observed changes along the East River profile 

are those we would expect outwards from the boundaries of a 

batholithic body in response to decreasing temperatures. This 

interpretation is supported by further evidence discussed in 

the following pages. 

b) Carbon Content 

The organic carbon content of the samples, shown 

in Table X, varies from 1.19 to 2.04 weight %. These data 

have been plotted in Figure 7» which shows a random distribu¬ 

tion along the profile, although the variation from sample to 

sample is relatively small. 

The mineral carbon distribution along the profile 

is shown in Figure 6, plotted from data also assembled in Ta¬ 

ble X. This figure clearly shows two distinct populations. In 

the non-metamorphosed zone and in the transition zone, the 

values vary from 1.34 to 2.75 weight %, while in the metamor¬ 

phosed zone the values o*ump to 4.27 to 6.50* weight %. 

A possible explanation for the above distribution 

is that samples CB-301 to CB-305 were collected from horizons 

originally richer in carbonates, since these samples -are 

clustered together into two groups in Figure 3. Alternative¬ 

ly, this might indicate chemical reactions induced by the in¬ 

trusive body. 

Very close to the intrusion, the carbonates are 
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thermally decomposed according to the equation 

CaCOj  £--~2 > CaO + CO^ 

The èvolved CO^ would dissolve in the water, thus 

forming carbonic acid which dissolves carbonates during the 

migration away from the intrusion. When the migrating fluids 

reach a level where the PT conditions are adequate, CO^ es¬ 

capes and carbonates precipitate, thus enriching that zone. 

Samples CB-301 to CB-305 might represent such enriched zone. 

Hamilton (unpublished data) analyzed a few samples 

from the metamorphosed zone for mineral carbon. His results 

show that near the intrusive bodies of the Ruby Range carbo¬ 

nate carbon is completely absent, and that even several kilo¬ 

meters from these intrusions the values are extremely low. 

This seems to indicate that the batholith is getting shallow¬ 

er toward the Ruby Range, so that the zone lean in carbonates 

is now at the surface. 

c) Hydrocarbons / Organic Carbon 

Figure 7 shows the distribution of the above ratio 

along the profile, as calculated from data presented in ta¬ 

bles X and XI. 

As can be seen in that figure, the distribution of 

this ratio agrees with the distribution of the total extract- 

able bitumens (Figure 5)» defining three similar zones. 
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Hunt (1961) reported that metamorphism definitely 

decreases the hydrocarbon content of a rock. This was con¬ 

firmed by Baker and Claypool (1971) in their conclusion that 

incipient metamorphism results in a net loss of hydrocarbons. 

Therefore, samples CB-301 to CB-305 indicate the highest me¬ 

tamorphism; samples CB-306, CB-309 and CB-307 indicate a con¬ 

tinuous decrease in metamorphism, and the remaining samples 

probably belong to the area not appreciably affected by the 

heat emanated from the underlying batholith. Consequently, 

the hydrocarbons/organic carbon ratio confirms the conclu¬ 

sions drawn from the analysis of the total extractable bitu¬ 

mens. 

d) Saturates/Aromatics 

Baker (1970) concluded that hydrocarbon mixtures 

from metamorphosed rocks commonly contain a significantly 

higher proportion of saturated hydrocarbons (compared to aro¬ 

matic hydrocarbons) than the mixtures from non- metamorphosed 

mudrocks. Similar effect had been reported by Hunt (1962) in 

his study of thermal alteration of organic matter in shales 

adjacent to igneous dikes. 

The samples from the East River profile, however, 

do not present such relationship, the values being randomly 

distributed, as shown in Figure 8. Hamilton (1971) in his 

study of samples from the Crested Butte Area reached the same 
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conclusion. However, both Hamilton and the present author ap¬ 

plied chromatographic methods that differ from Baker's, and 

this might explain the desagreement. It Is also possible 

that the large analytical error associated with the determi¬ 

nation of the small amounts of alkanes and aromatics present 

in the metamorphosed samples is the explanation for the fail¬ 

ure of finding such a trend. 

e) Resins/Organic Carbon 

Louis and Tissot (196?) observed that the ratio 

resins/organic carbon increases linearly with depthe in the 

Paris Basin. Consequently, the amount of resins that is gen¬ 

erated is proportional to the temperature prevailing at a 

particular depth within the basin. In the present study, 

however, where the rocks were subjected to much higher tem¬ 

peratures, the opposite was observed. 

The distribution of the ratio resins/organic carbon 

along the profile is shown in Figure 9» which was plotted 

from data assembled in tables X and XI. 

Samples CB-301 to CB-305 present extremely low val¬ 

ues, whereas samples CB-308, CB-310 and CB-7 present the 

highest values. Samples CB-306, CB-309 and CB-307 display a 

continuous increase in this ratio, representing a transition 

between the zones of high and low values. The same was ob¬ 

served with the total extractable bitumens (Figure 5) and the 

hydrocarbons/organic carbon ratio. Consequently, it seems 
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that the resins probably are as sensitive as the hydrocarbons 

to thermal metamorphism, and can be used as geologic thermo¬ 

meters. 

f) Normal Paraffins / Iso-Cycloparaffins 

Hamilton (1971), studying samples from the Crested 

Butte area, concluded that the ratio of the normal paraffins 

to all other saturates is one of the most sensitive indica¬ 

tors of metamorphism. However, Hamilton admitted in his paper 

that he crudely estimated this ratio by measuring peak highs 

on chromatograms. He suggested quantitative measurements of 

this ratio using either molecular sieves or urea adduction to 

separate the normals from the other saturates. 

In the present study, the alkanes were subjected 

to molecular sieve adsorption for that purpose. The results 

are displayed graphically in Figure 10, and the data are as¬ 

sembled in Table XIII. 

Figure 10 shows that the ratio decreases with in¬ 

creasing metamorphism, thus being in agreement with the con¬ 

clusions of that author. 

g) Gas-Liquid Chromatography 

Figures 11 and 12 show typical chromatograms for 

the non-metamorphosed and metamorphosed zones, respectively 
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Chromatograms of the total alkanes, iso-cycloparaffins and 

the normal paraffins alone, from samples CB-310 and CB-303, 

are illustrated. The normal paraffins and the isoprenoids are 

identified on the chromatograms. 

The normal paraffin distribution along the profile 

is shown in figures 13 to 16. These figures were ploted from 

data assembled in Table XIV. 

Samples CB-301 to CB-306 present a remarkable pre¬ 

dominance of normal paraffins with 17, 18 and 19 carbon atoms 

per molecule. Eglinton (1968) obtained similar results for 

the Soudan Shale, and hinted that the rock may have been 

heated by igneous contact at some time or another. According 

to that author, the normal alkanes are centered around C-^g, 

and are of fairly narrow spread. 

Samples CB-309 to CB-7 display a much more even 

distribution. However, samples to the south of the East River 

present still more even distribution, as reported by Hamilton 

(1971). This indicates the samples from our non-metàmorphosed 

zone were somewhat affected by the heat emanated from the un¬ 

derlying igneous mass. 

Figure 17 shows the combined % of C^, C^g and 

along the profile. An abrupt change can be observed between 

samples CB-306 and CB-309. This change probably represents 

the isotherm in the contact aureole whère cracking of the 

heavier normal paraffins occurred, thus leaving a residue 

enriched in the lighter normal paraffins. This is in agree¬ 

ment with the conclusion of Baker and Claypool (1962) that 
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metamorphism results in more simple and perhaps more stable 

hydrocarbon mixtures. 

Eglinton (1968) performed some interesting experi¬ 

ments on deliberate thermal alteration. In one experiment, he 

heated n-octacosane (C2g), alone and in the presence of ben¬ 

tonite and water, to temperatures between 200 and 375°C. The 

chromatograms of the products showed a series of normal pa¬ 

raffins with lower carbon numbers per molecule, together with 

some iso and cycloparaffins. 

The samples along the profile do not show either e- 

ven or odd preference. This is in accordance with Bray and 

Evans (1961) and Phillippi (1965) that in ancient sediments 

and in crude oils the ratio odd to even number normal paraf¬ 

fins is close to 1. 

The more conspicuous isoparaffins along the East 

River profile are the isoprenoids prlstane (2, 6, 10, 14 te- 

traraethylpentadecane), phytane (2, 6, 10, 14 tetramethylhexa- 

decane) and the C^g Isoprenoid (2, 6, 10 trimethylpentade- 

cane). These isoprenoids are among the 5 isoprenoids identi¬ 

fied by Cummins and Robinson (1964) in a bitumen from a Colo¬ 

rado oil shale. 

The pristane/phytane ratio decreases rapidly from 

the non-metamorphosed to the metamorphosed zone, as shown in 

Table XV. 

Hamilton speculated that rocks subjected to abnor¬ 

mal stresses should show a high ratio, since high temperatu¬ 

res favor the decarbojgrlation of phytol to form pristane. It 

is possible that this process is true for relatively low tern- 
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peratures. As a matter of fact, Tissot et al. (1971) observed 

an increase in this ratio with depth in the Paris Basin. They 

studied samples to a depth of 2500m. At higher temperatures, 

however, the ratio decreases, as shown by the present inves¬ 

tigation. This decrease can be explained either by preferen¬ 

tial formation of phytane from the decomposition of higher 

carbon number isoprenoids or by a possible higher stability 

of phytane as compared to pristane. 

The proportion of the isoprenoids pristane and ph£ 

tane decreases, with respect to the normal paraffins, from 

the non-metamorphosed to the metamorphosed zone, as can be 

seen in figures 11 and 12. Similar effect was observed by 

Tissot et al. (1971) with depth in the Paris Basin. 

The above authors found an almost symmetrical dis¬ 

tribution of normal paraffins between C^g and for shallow 

samples from the Paris Basin, and a pronounced asymmetry to¬ 

wards lower carbon numbers even for samples above 1000m. 

Their diagrams for samples between 1300 and 2500m are very 

similar to those from the non-metamorphosed and transition 

zones in the Crested Butte area. This might indicate that 

the Hancos Shale in this area was never buried too deep, pro¬ 

bably not much more that 2500m. A further support to this 

is Landes’ (1967) observation that petroleum is extremely 

responsible to heat and pressure, with conversion to 

density compounds beggining at about 120°C. 

lower 
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h) Kerogen 

Staplin (1969) showed that some solid organic par¬ 

ticles (’’kerogen”) undergo color changes with progressive 

thermal metamorphism. Plant spores, non-woody cuticles and a- 

morphous sapropelic debris seems to be the components of the 

kerogen most sensitive to heat. 

Staplin classified the thermal alteration into 5 

’’alteration stages”. Stages 1, 2 and 3 represent a .change in 

color from yellow to brown. At stage 4 all organic matter has 

turned to black. Stage 5 represents the first indication of 

crystallization within fine-grained clays. Using this tech¬ 

nique, that author was able to map the metamorphic limits of 

major sedimentary units, the tie with available geochemical 

control being excellent in every case. 

In the present investigation only a preliminary 

study of the kerogenic material was done. The author isolated 

the kerogen from a few samples in order to learn the tech¬ 

nique. Dr. G.S. Bayliss of Geo-Chem Laboratories separated 

the kerogen and evaluated the thermal alteration index from 

most of the samples. 

The indices were estimated visually, since equip¬ 

ment to measure the light absorption was not available. Even 

so, a progressive increase in the index from the non-metamor- 

phosed to the metamorphosed zone is clearly displayed, as 

shown in Table XVI. The color of the kerogenic material along 

the profile varies from light brown to black. 
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i) Coal 

Coal Is an excellent indicator of low grade meta- 

morphism. According to Landes (196?), coal records the extent 

of eometamorphism (low grade metamorphism) by carbon ratios 

and reflectance. 

Schenk and Havenaar (1968) showed that the degree 

of coalification (rank of the coal) depends on the tempera¬ 

ture to which the coal was exposed and oh the time during 

which the temperature could act. They say that coal is a 

good geologic thermometer chiefly because the organic matter 

is very sensitive to increases in temperature. 

Based upon the above observations, the present au¬ 

thor reasoned that the coal beds in the Crested Butte area 

could be useful for the solution of the problem under inves¬ 

tigation. 

The coal is confined to the lower part of the Pao- 

nia Shale Member of the Mesa Verde Formation. As many as five 

beds crop out nçar the town of Crested Butte. 

The coal field was mapped by Emmons et al. (1894) 

and by Lee (1912). The metamorphism of the coal was studied 

by Dapples (1939). 

Lee (1912) presents data on the fixed carbon con¬ 

tent of the coals of the area. These data were compiled and 

assembled in Table XVII. 

The fixed carbon, in the case of coal, coke and 

bituminous material, is the solid residue other than ash ob¬ 

tained by destructive distillation by the A.S.T.M. D -121-30 
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procedure. 

Lee*s data, when plotted in a map ( Figure 18 ) 

clearly shows a very interesting pattern. Samples from mines 

and outcrops along the Slate River present low fixed carbon 

downstream from Crested Butte and high fixed carbon upstream 

from this town. Two areas, one with low fixed carbon and the 

other with high fixed carbon, can also be seen in the south¬ 

west corner of the map. 

According to Dapples (1939)* coals in the Slate 

River valley vary from semi-anthracite (F.C. 86-92) to high 

bituminous "B” (F.C. 69~)* whereas in the Floresta field (ap¬ 

proximately 16km west of Crested Butte) the coal is restrict¬ 

ed to the anthracite group. Several coals become semi-anthra¬ 

cites immediately north of the axial plane of the Coal Creek 

syncline, according to that author. 

From the above, we can conclude that two zones 

can be defined in this area; one that was subjected to tempe¬ 

ratures high enough to induce anthracitiaation of the coal, 

and other where much lower temperatures prevailed. In other 
» 

words, a zone of low grade metamorphism and one non-metamor- 

phosed zone can be defined by^ the study of the coal alone. 

There is a gap between high bituminous ”Btt coals 

and semi-anthracite coals in this area. High volatile A, me¬ 

dium volatile and high volatile coals were not reported. This 

probably indicates a narrow transition zone similar to that 

defined in the East River profile. Therefore, if we Join by 

a line these transition zones, we are defining the zone where 
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the contact of the interpreted batholith with the sediments 

dip steeply, as shown in figures 18 and 19# 

It is interesting to note that the above boundary 

agrees with the separation'between the metamorphosed and the 

non-metamorphosed zones preliminarily defined by Hamilton 

(1971). 



N
W
 

C
R

O
S

S
 

S
E

C
T

IO
N
 

A
-B

-C
 

47 

F
IG

U
R

E
 

1
9

 



48 

O 
CM 

tu 
ce 
O 
O 

IL 



49 

SUMMARY AND DISCUSSION 

The results of this investigation strongly suggest an 

underlying batholith as the most likely explanation for the 

observed low grade metamorphic effects in the Crested Butte 

area. A cross-section along the East River showing the inter¬ 

preted batholith and the isotherms in its contact aureole is 

displayed in Figure 19. 

The organic matter in samples CB-301 to CB-305 shows 

quite similar responses to the thermal metamorphism, indicat¬ 

ing that these samples were subjected to approximately the 

same maximun temperature. Samples CB-306, CB-309 and CB-30?, 

however, indicate a continuous and rapid decrease in the me¬ 

tamorphic effects within the short distance of 1 km. This is 

an expected result outwards from a batholith in the area, if 

its boundary dips here steeply within the enclosing sedimen¬ 

tary rocks. 

Samples CB-308, CB-310 and CB-7 apparently were only 

slightly affected by the heat emanated from the intrusive ig¬ 

neous body. 

The metamorphic effects, very well recorded by the 

organic matter in the Mancos Shale, not only confirmed previ¬ 

ous observations and conclusions but also indicated hew and 

important relationships. 

The total extractable bitumens were almost completely 

destroyed by the relatively high temperatures above the in¬ 

trusion, as indicated by samples CB-301 to CB-305. On the 

other hand, samples CB-308, CB-310 and CB-7 probably contain 
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almost all the original bitumens, since they have been sub¬ 

jected to much lower temperatures. It is even possible that 

hydrocarbons and resins were still being produced from the 

kerogenic material. Samples CB-306, CB-309 and CB-307 record 

intermediate conditions. 

It is interesting to note that the total organic car¬ 

bon was not sensibly affected by the maximun temperatures in 

the area, indicating that more drastic conditions are needed 

to destroy the total organic carbon. As a matter of fact, the 

organic carbon content of the Mancos Shale decreases near the 

Ruby Range intrusions. 

The mineral carbon distribution in the Crested Butte 

area probably records the effects of thermal decomposition of 

the carbonates and reprecipitation away from the intrusion. 

The hydrocarbon fraction of the bitumens was found to 

be extremely susceptive to the thermal effects, thus confirm¬ 

ing reported evidence that incipient metamorphism results in 

a net loss of hydrocarbons. The changes along the profile are 

similar to the changes recorded by the total extractable bi¬ 

tumens. 

The alkanes/aromatics ratio did not show a decrease 

with increasing metamorphism, as has been demonstrated in the 

literature. It is possible that the failure of finding such a 

trend was due to the use of different chromatographic meth¬ 

od. It can also be due to experimental error. 

One important observation was that the resins are 

probably as sensitive as the hydrocarbons to thermal metamor- 
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phism. Therefore, they are a potential geologic thermometer. 

The n-paraffins/iso-cycloparaffins ratio decreases 

steadly from the non-metamorphosed to the metamorphosed zone. 

The same conclusion was reached in previous work, hut then an 

admitted crude way of determining this ratio was used. 

The kerogen was also found to he very sensitive to 

increasing temperatures. Definite changes in the color of the 

kerogenic material was observed. 

The normal paraffin distribution, although covering a 

wider range of carbon numbers, confirmed previous conclusions 

that incipient metamorphism results in more simple, and per¬ 

haps more stable hydrocarbon mixtures. 

The carbon preference index (CPI) for all samples was 

found to be very close to 1. This was an expected result. It 

has been demonstrated in the literature that ancient sediments 

and crude oils have this ratib. 

Three isoprenoid isoparaffins are well represented in 

the profiler pristane, phytane, and the C^g isoprenoid. It is 

possible that the C^g isoprenoid and farnesane are also pre¬ 

sent, but their identity was not clearly ascertained. 

It was noted that the isoprenoids are relatively more 

abundant, when compared with the normal paraffins, in the 

non-metamorphosed zone, becoming less and less abundant to¬ 

ward the metamorphosed zone. 

The presence of the isoprenoids pristane and phytane 

in the metamorphosed zone of the East River profile is sig¬ 

nificant, since it puts a limit to the maximun temperature in 
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that area.* the temperature the isoprenoids can withstand. 

The pristane/phytane ratio decreases from the non- 

metamorphosed to the metamorphosed zone. This was a somewhat 

surprising result, since it was suspected that pristane was 

more stable than phytane. An alternative explanation for the 

increase in this ratio is that cracking of higher carbon num¬ 

ber isoprenoids preferentially yields phytane. 

The plotting of the fixed carbon of the coals in a 

map defined two zones of different thermal histories. In one 

zone the temperature was high enough to induce early anthra- 

citization of the coal (probably around 350°C), while in the 

other the temperature was much lower. A narrow transition be¬ 

tween these two zones probably exists, and can be correlated 

with the transition zone defined along the East River profile. 

Therefore, the narrow zone where the walls of the batholith 

dip steeply can be traced all over the Crested Butte area. 



53 

CONCLUSIONS 

1) Evidence gathered during the present investigation 

strongly suggest that the observed metamorphic ef¬ 

fects are due to an underlying batholith in the 

Crested Butte area. 

2) -This batholith most likely is related to the Ruby 

Range, and acted as a feeder for its stocks, sills 

and dikes, as well as to the huge laccoliths of 

the area. 

3) The batholith was probably injected at a relative¬ 

ly shallow depth. 

4) The temperatures along the profile probably varied 

between 100°C and 400°C. 

5) A steep temperature gradient across the profile is 

well recorded by: total extractable bitumens; ra¬ 

tio hydrocarbons/organic carbon; ratio resins/ or¬ 

ganic carbon; coal; ratio n-paraffins/iso-cyclopa- 

raffins; n-paraffin distribution; and kerogen. 

6) The ratio alkanes/aromatics do not show clear re¬ 

lationship with the thermal gradient. 

7) The normal paraffins do not show odd or even pre¬ 

ference across the profile, the CPI (carbon prefe¬ 

rence index) being close to 1. 

8) The organic carbon content of the Mancos Shale a- 

cross the profile apparently was not affected by 
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the heat emanated from the intrusion. 

9) The resins seem to be as sensitive as the hydro¬ 

carbons to changes in temperature, thus being a 

potential geologic thermometer. 

10) The normal paraffin distribution shows a remark¬ 

able tendency towards a relative increase in the 

lighter hydrocarbons with increasing temperatures. 

11) The most prominent isoparaffins along the profile 

are the isoprenoids pristane. phytane. and the C^g 

isoprenoid (trimethylpentadecane). 

12) The proportion of pristane and phytane, with re¬ 

spect to the normal paraffins, decrease from the 

non-metamorphosed zone to the metamorphosed zone. 

13) The pristane/phytanè ratio decreases with increas¬ 

ing thermal metamorphism. 
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SUGGESTIONS FOR FURTHER STUDIES 

There are many and Interesting topics that deserve 

further investigation in the Crested Butte area. The author 

would recommend the following: 

1) The isolation and identification of porphyrins 

for the purpose of obtaining absolute tempera¬ 

tures along the profile. It has been demonstrat¬ 

ed by Treibs (1934» 1935» 1936) that carboxylat- 

ed porphyrins would not survive temperatures a- 

bove 200°C. 

2) Oxygen isotope studies of co-existing quartz and 

calcite may yield information on absolute tem¬ 

peratures. 

3) A complete study of the kerogenic material, in¬ 

cluding carbon isotope composition and geochemi¬ 

cal characterization by pyrolysis and gas chro¬ 

matography, may provide valuable data. 

4) Reflectance of the vitrinite is also an attrac¬ 

tive research topic. The importance of vitri¬ 

nite studies was emphasized by Teichmuller(1971). 

5) Tissot (1971) observed that hydrocarbons with 

carbon numbers lower than are very scarce at 

shallow depth in the Paris Basin, but may be up 

to one third of the total hydrocarbons at 2500m. 

The study of this fraction along the profile may 

yield valuable data 
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6) A study similar to Frey’s (1970) would be very 

interesting. That author observed the follow¬ 

ing sequence along a profile from non-metamor- 

phosed to metamorphosed zones in pelitic rocks 

of the alpine border region of Switzerland: 

irregular mixed layer illite/montmorlllonite ; 

regular mixed layer mica/montmorillonite;mixed 

layer paragon!te/phengite; paragonite. 

7) A geophysical investigation of the area seems 

to be an interesting research project* 



57 

REFERENCES 

Baker. D.R;, 1962, Organic Geochemistry of the Cherokee 

Group in Southeastern and Northeastern Oklahoma: 

Am. Assoc. Pet. Geol. Bull., v.46, p. 1621-1642. 

 -, and Claypool, G.E., 1970, Effects of Incipient 

Metainorphism on Organic Matter in Mudrock: Am. 

Assoc, Pet. Geol. Bull., v.54, p. 456-468. 

Bray. E.E., and Evans, E.D., 1961, Distribution of n- 

Paraffins as a Clue to Recognition of Source 

Beds: Geoch. and Cosmoch. Acta, v.22, p.2-15. 

Cummins. J.J., and Robinson, W.E., 1964» Normal and 

Isoprenoid Hydrocarbons isolated from Oil Shale 

Bitumen: Jour. Chem. Eng. Data, v.9, p.304-307. 

Dapples, E.C., 1939, Coal Metamorphism in the Anthra¬ 

cite and Crested Butte Quadrangles, Colorado: S. 

E.P.M., New York Meeting. 

Dunning. H.N. , and Carlton, J.K. , 1956, Paper Chromato¬ 

graphy of a Petroleum Porphyrin Aggregate: Anal. 

Chem. v.28, p.1362-1366. 

Eglinton. G., 1968, Hydrocarbons and Fatty Acids in 

Living Organisms and Recent and Ancient Sedi¬ 

ments. 

Geochemistry,1958. 

Emmons. S.F., et. al., 1894» Description of the Anthra¬ 

cite and Crested Butte Quadrangles (Colorado): 

U.S. Geol. Surv. Atlas, Folio 9, 10p. 

Ferguson. W.S., 1962, Analytical Problems in Determi- 



58 

ning Hydrocarbons in Sediments: Am. Assoc. Petr. 

Geol. Bull., v. 46, p. 1613-1620. 

Frey. M., 1970, The Step from Diagenesis to Metamor¬ 

phism in Pelitic Rocks During Alpine Orogenesis: 

Sedimentology, T. 15, p. 261-279* 

Gaskill. D.L., Godwin, L.H., and Mutschler, F.E., 1967, 

Geologic Map of the Oh-Be-Joyful Quadrangle, Gun¬ 

nison County, Colorado: U.S. Geol. Survey Map, GQ- 

578. 

Gilbert. G.K., 1880, Report on the Geology of the Henry 

Mountains: U.S. Geog. and Geol. Surv..of the Rocky 

Mt. Region, p. 90. 

Godwin. L.H., and Gaskill, D.L., 1964» Post Paleoeene 

West Elk Laccolithic Cluster, West Central Colora¬ 

do; U.S. Geol. Survey Prof. Paper 501-C, p, C-66, 

C-67, C-68. 

Hamilton. J.R., 1971, Incipient Metamorphism and the Or¬ 

ganic1 Geochemistry of the Mancos Shale Near Crest¬ 

ed Butte, Colorado. A Thesis. Rice University. 

Hanneman. W.W., et al., I960, Molten Salt Mixtures as 

liquid Phases in Gas Chromatography: Anal. Chem., 

vl 32. 

Hunt, J.M., 1961, Distribution of Hydrocarbons in Sedi¬ 

mentary rocks: Geoch. and Cosmochem. Acta, v.22, 

P* 37-49. 

— , 1962, Geochemical Data on Organic Matter in Sedi¬ 

ments: Internat. Sci. Oil Conf. Proc., Budapest, 

Hungary, v.2, p. 394-412. 



59 

Landes, K.K., 1966, Eometamorphism Can Determine Oil 

Floor: Oil and Gas Journal, v.64> p.172-177. 

_—~, 1967, Eometamorphism, and Oil and Gas in Time and 

Space: Am, Assoc, Pet, Geol, Bull,, v.51, p. 828- 

841. 
Lee. W.T,, 1912, Coal Fields of Grand Mesa and the West 

Elk Mountains, Colorado: U.S. Geol, Survey Bull,, 

n^io. 

Louis. M.C., and Tissot, B.P., 1967, Influence de la Tem¬ 

perature et de la Pression sur la Formation des 

Hydrocarbures das les Argiles a Kerogene: 7th 

World Petroleum Congress Proc., v.2, p.47-60. 

O'Connor, J.G., et al., 1962, Determination of the Nor¬ 

mal Paraffins in the C^Q to C^ Paraffin Waxes by 

Molecular Sieve Adsorption: Anal. Chem., v.34. 

Philippi, G.T., 1965, On the Depth, Time, and Mechanism 

of Petroleum Generation: Geoch. and Cosmoch. Acta, 

v. 29, p. 1021-1049. 

Schenk. P.A., and Havenaar, I. (Editors), 1968, Advances 

in Organic Geochemistry: International Series of 

Monographs in Earth Sciences, 31» 

Staplin, F.L., 1969, Sedimentary Organic Matter, Organic 

Hetamorphism, and Oil and Gas Occurrence: Bull. 

Can. Petrol. Geol., v. 17, p. 47-66. 

Tissot. B., et al., 1971, Origin and Evolution of Hydro¬ 

carbons in Early Toarcian Shales: Am, Assoc. Pet. 

Geol. Bull., v. 55, P. 2177-2193. 



60 

Teichtnuller. Von Marlies, 1971» Application of coal pe¬ 

trological methods in oil and gas exploration* 

Chemie, v.2. 

Treibs. A., 1934* The Occurrence of Chlorophyll Deriva¬ 

tives in an Oil Shale of Upper Triassic: Justus 

Liebig Annal. Chem., 509» p. 103-114. 

 , 1935, Chlorophyll and Hemin Derivatives in Bi¬ 

tuminous Rocks, Petroleuns, Coals and Phos¬ 

phate Rocks: Justus Liebig Annal. Chem., 517» 

p. 172-196. 

« f 1936, Chlorophyll and Hemin Derivatives in or¬ 

ganic Materials: Angew. Chem., 49» P* 682-686. 

Turner. F.J., 1968, Metamorphic Petrology: New York, 

McGraw Hill Book Co., 403p. 



61 

TABLES 



62 

TABLE I 

BENZENE BLANKS PRIOR TO EXTRACTION 

VOLUME BLANKED RESIDUE USED ON SAMPLE 

3 liters 0.23 mg/1 CB-7 

3 liters 0.07 mg/1 CB-301 

3 liters 0.17 mg/1 CB-302 

3 liters 0.01 mg/1 CB-303 

3 liters 0.10 mg/1 CB-304 

3 liters 0.23 mgA CB-303 

3 liters 0.17 mg/1 CB-306 

3 liters 0.13 mg/1 CB-307 

3 liters 0.17 mg/1 CB-308 

3 liters 0.36 mgA CB-309 

3 liters 0.17 mgA CB-310 

3 liters 0 • 20 mg/1 
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TABLE II 

BLANK CHECKS ON ELUENTS 

ELUENT VOLUME RESIDUE 

n-Pentane 1.0 liter 0.2 mg/1 

Benzene 0.5 liter 0.4 mg/1 

iso-Octane 0.5 liter 0.2 mg/1 



TABLE III 

THIMBLE BLANKS 

NUMBER BENZENE 
(liter) 

RESIDUE 
(mg) 

1 6 8.6 

2 6 13.3 

3 6 5.8 

4 6 22.0 

5 6 30.8 

6 6 6.9 

7 6 6.1 

8 8 10.3 

9 6 9.3 

10 6 11.4 

11 6 6.5 

12 6 31.1 

13 6 10.8 

Hydrocarbons     , 13.0 mg (7.5 90 

Resins .... » 11*0 mg (6.4 #) 

Shale dust, fibers and non- 

hydrocarbons(by difference) 148.9 mg(86.1 %) 

Average HC: l.Omg Average Resins: 0.8mg 
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TABLE IV 

CHROMATOGRAPHIC PROCEDURE BLAKKS 

(grams) 

HYDROCARBONS RESIN n RESIN II ALKANES AROMATICS 

0.0002 0.0002 0.0000 0,0000 0.0000 

0.0000 0.0002 0.0001 0.0007 0.0004 

0.000? 0.0002 0.0001 0.0002 0.0004 

0.0005 0.0003 0.0005 0.0001 0.0006 

0.0001 0.0002 0.0000 0.0000 0.0000 

0.0000 0.0001 0.0000 0.0000 0.0001 

0.0000 0.0002 0.0002 0.0000 0.0002 

0.0000 0.0002 0.0000 0.0001 0.0000 

0.0000 0.0002 0.0000 0.0002 0.0001 
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TABLE V 

SOLID-LIQUID CHROMATOGRAPHY - REPRODUCIBILITY 

( CB-307 ) 

FRACTION MEAN* STAND. DEV. COEF. OF VAR. 

HYDROCARBONS 169.4 7.1 4.2 

TOTAL RESINS 79.9 4.3 5.2 

ALKANES 52.4 7.5 4.9 

AROMATICS 16.3 1.6 9.8 

♦ppm 
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TABLE VI 

CONTROL SAMPLE (CB-307) - LARGE ALIQUOTS 

DETERMINATION OF THE n-PARAFFINS 

AT TOTTfw ALKANES ISO-CYCLOPARAFFINS n-PARAFFINS* i (grams) grams % grams % 

1 0.1465 0.0838 57.3 0.0627 42.7 

2 0.1449 0.0823 56.8 0.0626 43.2 

3 0.1512 0.0743 56.7 0.0569 43.3 

4 0.1500 0.0846 56.4 0.0654 43.6 

Mean:       43.2 % 

Standard Deviation     0*37 

Coeficient of Variation   0.86 

*By difference 
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TABLE VII 

CONTROL SAMPLE (CB-307) « SMALL ALIQUOTS 

DETERMINATION OF THE n-PARAFFINS 

ALIQUOT 
ALKANES ISO-CYCLOPARAFFINS n-PARAFFINS 
(grams) grams % grams ^ 

5 0.0160 0.0090 56.3 0.0070 43.7 

6 0.0194 0.0110 56.7 0.0084 43.3 

7 0.0173 0.0100 57.8 0.0073 42.2 

8 0.0187 0.0104 55.7 0.0083 44.3 

Mean:    43.4 % 

Standard Deviation      0.88 

Coeficient of Variation    2.02 

*By difference 
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TABLE VIII 

GAS CHROMATOGRAPHY » REPRODUCIBILITY 

ALIQUOTS 
M* 

% 
S.D.* C.V.* 

1 2 3 4 5 

H
 

O
 1.7 2.1 2.1 1.7 1.8 1.9 0.2 10.5 

C14 4.9 5.1 4.5 4.8 4.2 4.2 0.4 8.5 

C15 6.5 5.6 5.9 7.1 6.7 6.3 0.6 9.5 

C16 7.9 7.5 6 #9 8.3 6.7 7.4 0.7 9.5 

H
 

O
 8.8 8.8 8.0 9.4 9.1 8.8 0.5 5.7 

C18 8.2 9.1 7.6 9.2 9.5 8.7 0.8 9.2 

C19 7.9 8.0 7.6 8.3 8.5 8.1 0.4 4.9 

C20 7.1 7.6 7.4 7.5 7.5 7.4 0.2 2.7 

C21 6.8 7.0 6.5 6.5 7.0 6.8 0.2 3.7 

C22 7.6 6.7 6.1 6.3 6.7 6.7 0.6 9.0 

C23 5.2 4.8 5.9 5.2 5.4 5.3 0.4 7.5 

c24 4.6 4.9 5.8 4.6 4.6 4.9 0.5 10.2 

C25 4.1 4.5 5.0 3.7 5.3 4.3 0.5 11.6 

C26 4.0 3.8 4.4 3.5 3.9 3.9 0.3 7.7 

c27 3.6 3.4 4.1 3.8 3.3 3.6 0.3 8.3 

C28 2.9 2.8 3.3 3.3 2.7 3.0 0.3 10.0 

C29 2.8 2.5 2.5 2.2 2.6 2.5 0.2 8.0 

o
 

o
 1.9 1.9 2.4 1.8 1.9 2.0 0.2 10.0 

C31 1.8 1.7 1.9 1.6 1.6 1.7 0.1 5.9 

°32 1.3 1.0 1.2 1.0 1.0 1.1 0.1 9.1 

°33 0.7 0.6 0.7 0.8 0.6 0.7 0.1 14.2 

M* - Mean S, ,D.*- Stand. Dev. C.V.* - Coef. Var 
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TABLE IX 

TOTAL EXTRACTABLE BITUMENS 

SAMPLE WEIGHT EXTRACTED 
(grams) 

BITUMENS 
grams ppm 

CB-301 11,402 0.1205 10.5 

CB-302 11,358 0.1342 3-1.7 

CB-303 10,000 0.0521 5.2 

CB-304 10,000 0.0799 8.0 

CB-305 10,000 0.1189 11.8 

CB-306 10,000 0.2918 29.1 

OB-307 5,632 1.8026 320 

CB-308 6,000 5.2569 876 

CB-309 10,000 2.4334 243 

CB-310 1,579 1.5040 962 

CB-7 1,218 1.0271 852 
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TABLE X 

CARBON DETERMINATIONS* 

(Weight %) 

SAMPLE TOTAL CARBON ORGANIC CARBON MINERAL CARBON1 

CB-301 8.03 1.53 6.50 

CB-302 5.08 1.25 3.83 

CB-303 7.48 2.02 5.46 

CB-304 5.90 1.63 4.27 

CB-305 6.87 2.04 4.83 

CB-306 4.21 1.46 2.75 

OB-307 5.73 1.19 2.54 

CB-308 3.92 1.25 2.67 

CB-309 5.64 1.28 2.36 

CB-310 3.25 1.29 1.96 

CB-7 2.63 1.29 1.34 

* Average of two to four determinations. 
** By difference. 
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TABLE XI 

ALUMINA CHROMATOGRAPHY 

SAMPLE 
HYDROCARBONS 

(ppm) 
RESIN I 
(ppm) 

RESIN II 
(ppm) 

TOTAL RESINS 
(ppm) 

CB-301 6.0 2.3 0.3 2.6 

CB-302 3.1 1.8 0.2 2.0 

CB-303 2.8 0.3 1.2 1.5 

OB-304 4.0 5.9 0.0 5.9 

OB-305 4.1 4.8 0.4 5.2 

CB-306 9.5 11.7 1.0 12.7 

OB-307 175 78 4.6 82.6 

11 169 - - 74.5* 

11 178 - - 80.2* 

n 161 - - 76.7* 

ii 164 - - 85.3* 

CB-308 420 227 13.6 240.6 

CB-309 116 57 0.2 57.2 

CB-310 513 167 169 336 

CB-7 520 134 161 295 

* Resin I and Resin II eluted together. 
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TABLE XII 

SILICA GEL CHROMATOGRAPHY 

SAMPLE ALKANES 
(ppm) 

AROMATICS 
(ppm) 

N S 0 
(ppm) ALK. / AROM. 

CB-301 4.8 0.8 0.1 6.0 

CB-302 2.7 0.2 0.2 13.5 

CB-303 2.5 0.2 0.2 12.5 

CB-304 2.6 1.0 0.2 2.6 

CB-305 2.7 1.0 0.1 2.7 

CB-306 3.8 5.0 0.1 0.8 

CB-307 152 18.7 2.4 8.1 

n 156 16.8 0.3 9.3 

n 154 14.9 0.6 10.3 

n 140 16.1 0.7 8.7 

ti 160 14.8 0.9 10.8 

CB-308 372 53.2 11.4 7.0 

CB-309 89 12.6 0.1 7.0 

CB-310 398 72 25 5.5 

CB-7 382 49 12.3 7.8 
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TABLE XIII 

DETERMINATION OF THE n-PARAFFINS 

SAMPLE ALKANES 
(grams) 

ISO-CYCLOPARAFFINS 
grams % 

n-PARAFFINS * 
grams % 

CB-301 0.0254 0.0194 76.4 0.0060 23.6 

CB-302 0.0153 0.0113 73.8 0.0040 26.2 

CB-303 0.0124 0.0089 71.8 0.0035 28.2 

CB-304 0.0132 0.0091 69.0 0.0041 31.0 

OB-305 0.0145 0.0099 68.3 0.0046 31.7 

CB-306 0.0183 0.0124 67.8 0.0059 32.2 

CB-307 0.1500 0.0846 56.4 0.0654 43.6 

CB-308 0.0738 0.0424 57.4 0.0314 42.6 

CB-309 0.0524 0.0320 61.0 0.0204 39.0 

CB-310 0.0721 0.0452 62.7 0.0269 37.3 

CB-7 0.0693 0.0412 59.4 0.0281 40.6 

* By difference 
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TABLE XIV 

NORMAL PARAFFIN DISTRIBUTION (%) 

CB-301 CB-302 CB-303 CB-304 CB-305 CB-306 

o
 

H
 0.1 - - 0.9 - - 

°w 2.2 0.3 - 1.6 0.9 2.0 

C15 5.8 2.8 1.1 4.1 2.4 5.8 

V
D

 
H

 
O

 10.0 8.7 4.6 6.7 5.6 12.0 

C17 30.9 30.4 23.8 23.3 19.9 19.6 

C18 22.3 25.0 29.0 22.4 22.6 22.3 

C19 11.4 16.2 19.0 16.3 18.9 14.1 

C20 3.7 5.1 6.4 6.3 7.7 5.6 

C21 2.1 2.9 4.0 4.4 4.9 3.8 

C22 2.0 2.3 3.3 3.5 4.0 3.3 

C23 2.7 1.9 2.1 2.7 2.8 3.5 

C24 1.9 2.0 2.0 2.0 2.9 2.7 

C25 1.2 1.1 1.1 1.6 1.7 1.9 

C26 0.8 0.8 1.0 0.9 1.3 1.0 

C27 1.0 0.6 0.8 0.9 1.2 0.9 

C28 0.6 0.2 0.3 0.5 0.7 0.4 

C29 0.5 0.1 0.3 0.4 0.9 0.3 

C30 0.1 0.1 0.1 0.4 0.8 0.2 

C31 
0.2 0.1 0.1 0.3 0.6 0.1 

C32 0.2 0.2 - 0.5 0.6 0.1 

C33 - - - - - - 
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TABLE XIV (CONT.) 

CB-307 CB-308 CB-309 CB-310 CB-7 

C13 1.9 1.2 1.2 - 1.0 

C14 5.4 4.7 4.4 0.8 3.5 

C15 
8.8 7.6 7.3 3.9 6.9 

C16 10.3 10.6 8.9 8.4 8.8 

C17 10.7 11.4 10.8 11.8 10.3 

C18 9.2 10.5 10.6 13.5 10.7 

C19 8.7 9.3 10.5 11.7 9.5 

C20 7.2 9.2 9.1 10.3 8.9 

C21 6.4 7.9 7.5 8.7 8.0 

C22 5.8 6.6 7.3 7.5 7.0 

C23 5.5 5.6 6.1 6.9 6.3 

C24 
4.6 4.6 5.2 5.2 5.5 

C25 4.1 3.7 4.0 4.2 4.2 

C26 3.7 2.7 3.0 2.5 3.2 

C27 3.5 2.0 2.2 2.4 2.7 

C28 2.4 1.4 1.3 1.4 1.8 

C29 1.5 0.7 0.5 0.9 1.1 

o
 

K
\
 

O
 0.5 0.3 mm 0.1 0.4 

C31 - 0.1 - - 0.2 

C32 
- - - - - 

°33 
— — — — — 
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TABLE XV 

PRISTANE / PHYTANE RATIO 

SAMPLE PRISTANE/PHYTANE ZONE 

CB-7 2.4 

CB-310 2.3 NON-METAMORPHOSED 

CB-308 2.1 

CB-307 2.0 

CB-309 1.8 TRANSITION 

CB-306 1.4 

CB-305 

OB-303 

1.0 

1.0 
METAMORPHOSED 
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TABLE XVI 

KEROGEN - THERMAL ALTERATION INDEX 

SAMPLE INDEX 

CB-7 3” , 3* 

CB-310 2+ , 3" 

CB-307 3+ 

CB-3CI9 3* 

CB-306 3+ , 4“ 

CB-305 3* , 4” 

CB-304 4+ 

CB-303 4+ 

CB-302 4* 
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TABLE XVII 

COAL ANALYSIS - CRESTED BUTTE AREA 

(Lee, 1912) 

SAMPLE LOCATION FIXED CARBON 

Crested Butte Mine 60 

Silver Brook Mine 82 

Ruby Mine 97 

Bulkrey Mine 60 - 61 

Kubler Mine 62 

Locality 79 89 

Locality 96 67 

Locality 97 55 (av.) 

Locality 120 86 

Locality 127 91 - 95 

Locality 130 92 

Prospect 105 60 

Prospect 113 66 
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TABLE XVIII 

APPARENT DIPS ALONG SECTION A-B-C* 

LOCATION STRIKE TRUE DIP CONVERGENCE AP. : 

1 N 9°w 9°SW 21° 4° 

2 N 10°E 11°RW 40° 7° 

3 N 29°E 15°NW 59° 

O
 H
 

4 N 3°W 13°SW 27° 6° 

5 N 5°w 12°SW 25° 5° 

6 N 6°W 12°SW 24° 5° 

7 N 28°W 13°SW 2° 1° 

8 N 2°W 9°SW 28° 4° 

9 N 7°w 12°SW 23° 5° 

10 N 12°W 7°sw 18° 2° 

11 N 17°W 10°SW 13° 2° 

12 N 60°W 17°SW 30° 9° 

13 N 50°W 10°SW 20° 3° 

14 N 55°w I5°sw 25° 6° 

15 N 62°W 11°SW 32° 6° 

16 N 45°W I3°sw 15° 4° 

17 N 77° E 6°NW ? 47° 4° 

18 N 80°W 20°SW 22° 8° 

19 N 83°w 20°SW 25° 9° 

20 N 88°W 20°SW 30° 10° 

21 N 75°W 25°SW 17° 8° 

•Structural data measured by Mr. and Mrs. D.B. Pearson 
Calculations by the author. 
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LOCATION STRIKE TRUE DIP CONVERGENCE AP. DIP 

22 N 83°w 2'3°SW 25° 10° 

23 N 65°E 20° SE 57° 17° 

24 N 60°E 15°NW 42° 10° 

25 N 20°W 19°KE 

O
 oo 12° 

26 N 6°W 17°NE 52° 14° 

27 N 71°W 13°SW H
 O
 

3° 

28 N 85°w 15° SW 27° 7° 

29 N 26°W 18°NE 32° 10° 


