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Abstract 
 
Burial history controls thermal exposure and influences pressure history, which in turn influence the timing and amount of gas 
generation, overpressuring, quartz cementation, natural fracture formation, and ultimately, reservoir quality. Studies based on apatite 
fission-track and thermal maturation suggest that maximum burial in the Piceance Basin occurred between 45 and 20 Ma, and that 
post-Laramide uplift began at approximately 10 Ma as the Colorado River system eroded large quantities of sediment. However, there 
is debate about the magnitude and pattern of this uplift. For tight gas reservoirs of the Upper Cretaceous Williams Fork sandstones 
estimates of eroded section using stratigraphy, vitrinite reflectance extrapolation, and basin modeling vary from 3800 ft to 6100 ft for 
the MWX well, from 3700 ft to 9167 ft for the MF31-19G well, and 4400 ft near the Last Dance 43C-3-792 well.  
 
Because quartz cementation is sensitive to thermal exposure, diagenetic modeling (TouchstoneTM) of quartz cement abundance can 
be used to better constrain both the amount and timing of uplift. In our study, we tested multiple burial history scenarios for these 
three well locations. The burial scenarios that led to the closest match between petrographically measured and predicted quartz cement 
abundances suggest that the maximum burial depth and removed overburden at the base of the Williams Fork are 13,575 ft and 5,147 
ft for the MWX well, 15,163 ft and 3,157 ft for the MF31-19G well, and 13,067 ft and 5,068 ft for the Last Dance 43C-3-792 well 
respectively. We used the same approach for the Rifle Gap outcrop locality (Grand Hogback). The scenario that gave the best match 
of model results with present-day quartz cement abundance from point-count analyses indicates that the base of Williams Fork 
reached its deepest burial (~7,000 ft) about 50 Ma ago and uplift started around 35 Ma (~3000 ft of uplift).  

mailto:aysenozkan@yahoo.com�


 
Using quartz cement, which is sensitive to temperatures reached and time spent in those temperature ranges, as a paleothermometer 
provides an independent estimate of amount of erosion. However, because finite pore space is available for quartz cementation; once 
porosity is entirely occluded this gauge is insensitive to further thermal exposure unless other pore space becomes available 
(secondary pores, fractures). 
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Stratigraphy &  
Tectonics
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Tectonics

10 Ma - Present: uplift & 10 Ma Present: uplift & 
erosion

9.7 ± 0.5 Ma: Basaltic 
extrusions in central 
Piceance

34 to 29 Ma: Shallow 
intrusions in the SE 
PiPiceance

36 to 10 Ma: No evidence of 
deposition

65 61 Ma to 36 Ma: Tertiary ~65-61 Ma to 36 Ma: Tertiary 
sedimentation. Max burial 
of Williams Fork during 
the Laramide orogenyg y

65 Ma: Nondeposition and 
subsidence

75 Ma to 65 Ma: Mesaverde 
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Debate: Removed Tertiary Sediments
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 Apatite fission-track and thermal maturation studies suggest: Apatite fission track and thermal maturation studies suggest: 
 Deepest burial between 45 and 20 Ma in the Piceance
 Post-Laramide uplift began ~10 Ma as the Colorado River system 

eroded large quantities of sedimenteroded large quantities of sediment. 

 However, there is debate about the magnitude and pattern of this , g p
uplift. 

 E ti t f i f lit t i t ti h it i it Estimates of erosion from literature using stratigraphy, vitrinite 
reflectance extrapolation, and basin modeling:

C i h 3800 ft to 6100 ft for the MWX well 
 3700 ft to 9167 ft for the MF31-19G well
 4400 ft near the Last Dance 43C-3-792 well

Can we constrain these 
estimations with 
diagenetic modeling?
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Estimation of Removed Overburden -
St ti hi  A h

FRAC

Stratigraphic Approach

1. Stratigraphic projections (geologic inference):
• Assumption: missing Tertiary section was uniform in thickness 

and that differences in present day topography representand that differences in present-day topography represent 
differential erosion by the Colorado River system. 

2. Extrapolation of Ro vs. depth profiles to Ro 
values of 0.2% and 0.3%

• Assumption: Ro = 0.2% - 0.3% are believed to be Ro values 
for vitrinite near the surface in a basin that has not undergone 
erosionerosion.
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Estimation of Removed Overburden -
B i  M d li  A h
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Basin Modeling Approach

3 Basin Modeling: Burial reconstructions are calibrated by adjusting3. Basin Modeling: Burial reconstructions are calibrated by adjusting 
input parameters so that predicted and observed present-day properties 
match. 

Stratigraphy Inputs: Lithology, thickness, rock 
properties (TOC, HI, thermal conductivity)

Thermal Inputs:  
– Bottom hole temperatures
– Vitrinite reflectance (sensitive to max Tº 

reached)  

– Heat flow: radiogenic heat production 
from the crust & sediments, magmatic 
activity (S. Piceance), thickness of the Numerous input 

parameters can 
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lithosphere, burial

parameters can 
match present-day 
properties!



Constraining the Burial History -
Quartz Cement Modeling
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Quartz Cement Modeling

 Intergranular volume (IGV) and quartz cement abundance Intergranular volume (IGV) and quartz cement abundance 
can provide valuable constraints on thermal and burial 
histories when combined with other thermal indicators.

K = Ao e –Ea/RT
K: Quartz precipitation rate (mole/cm2 s) 
Ao: Pre-exponential or frequency factor 
E  A ti ti   (J/ l) o Ea: Activation energy (J/mol) 
R: Gas constant (8.314 J/K mol) 
T: Temperature (K) 

 Quartz cement is a valuable paleothermometer!
 Precipitation rates increase nearly exponentially with Tº & at a Precipitation rates increase nearly exponentially with T  & at a 

given Tº increases nearly linearly with time as long as 
nucleation sites are available. 
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Constraining the Burial History -
Quartz Cement Modeling
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Quartz Cement Modeling

• Limitation: Finite pore space is available; onceLimitation: Finite pore space is available; once 
porosity is entirely occluded this gauge is 
insensitive to recording further thermal exposure!insensitive to recording further thermal exposure! 

Late quartz 

• Unless other pore 
space becomes 

Early 
Syntaxial
Qtz. cement

q
cement in 
secondarypoce

p
available (secondary 
pores, fractures).

I/S clays

p , )
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• Build basin models with varying erosional histories 
• Simulate the quartz cement abundance by using identical parameter values for compaction and quartz cementation algorithms for all study locations. 
• Test performance of the basin models on how well they can predict the amount of quartz cement in the sdstones  
• Select the best-performing burial curves as representative burial reconstructions for the study areas 
• I determined the maximum burial depth and amount of erosion from these representative curves. 
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Sandstone Composition
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Distribution of Rock Fragments
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Provenance controls 
on diagenetic pathways 
& reservoir quality!
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Petrographic Input: 
Textural Data (Grain Size  Sorting  Coating) 
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Quartz 
Cement

Textural Data (Grain Size, Sorting, Coating) 

Cement

Nucleation sites for quartz cementation!

Chlorite
coating

SecondarySecondary 
Pore Illite/Smectite 

Coating

Williams Fork 2809 ft

0.1 mm

Research
Fracture

& Application
Consortium 0.1 mm

Williams Fork 4014.9 ft



Petrographic Input: 
Textural Data (Grain Size  Sorting  Coating) 
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Quartz 
Cement

Textural Data (Grain Size, Sorting, Coating) 

Cement

Nucleation sites for quartz cementation!

Chlorite
coating

SecondarySecondary 
Pore Illite/Smectite 

Coating

Williams Fork 2809 ft

0.1 mm1 mm
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Williams Fork 4014.9 ft



Comparison of Williams Fork Sandstones 
Outcrop vs  Subsurface Samples
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WF7 5736.8 ft

Outcrop vs. Subsurface Samples

8% Quartz

Cementation
8% Quartz

3% Fe-dolomite

0.5 mm 0.5 mm18% pores 2% pores
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1D Basin Models –
G i TM
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GenesisTM
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Maximum temperature reached at the base 
of Williams Fork (results from GenesisTM)



Diagenetic Model Calibration 
Q t  Ki ti
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Quartz Kinetics

Id ti l t l f ti d t t ti
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• Identical parameter values for compaction and quartz cementation 
algorithms for all study locations



Diagenetic Model Calibration 
IGV & Q t  C t ti
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IGV & Quartz Cementation

• Tested multiple burial scenarios and the one that gives the best match of model 
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results with present-day quartz cement abundance is selected as representative for 
burial reconstruction!
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Conclusions

 Using quartz cement which is sensitive to Using quartz cement, which is sensitive to 
temperatures reached and time spent in those 
temperature ranges, as a paleothermometer p g p
provides an independent estimate of amount of 
erosion.

 However, because finite pore space is available for 
t t ti it i ti lquartz cementation; once porosity is entirely 

occluded this gauge is insensitive to further 
thermal exposurethermal exposure. 
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