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MESOZOIC ERA
Geosyncline Area

The Triassic starts the Mesozoic Era and North America is 
part of a “super continent” Pangea

The Principles of Historical Geology, J.W. Stovall and H.E. Brown, Ginn 
and Company. 1955 (Prior to Plate Tectonic development)

https://images.search.yahoo.com/yhs/search?p=supercontinent+of+200+million+years+ago&f
r=yhs-mozilla-004&hspart=mozilla&hsimp=yhs-
004&imgurl=http%3A%2F%2Fmedia.npr.org%2Fassets%2Fimg%2F2012%2F02%2F08%2F
pangaea_rodinia_custom-d0de5cb1f43d606ff22b2bb691c704330ef2119c-s800-
c15.jpg#id=684&iurl=http%3A%2F%2Fgeomaps.wr.usgs.gov%2Fparks%2Fpltec%2Fsc50ma
.jpg&action=click



CENOZOIC ERA
Geanticline Area

Middle Eocene is in the first third of Tertiary of the Cenozoic Era and about 
50.2 million years ago - close to 15 million years after the demise of the 
dinosaurs. But the Laramide and Cascadian Revolutions have Rocky
Mountains and Sierras rising and a reversal of the geosyncline of the 
North American continent



Injection formation





Battlement

Pages 132 – 135, Basement structures of CO plateau E.R. Verbeek 
and M.A. Grout,
https://pubs.usgs.gov/bul/b2158/B2158-12.pdf

Injection



Pages 137 – 138, Basement structures of Co plateau 
E.R. Verbeek and M.A. Grout,

https://pubs.usgs.gov/bul/b2158/B2158-12.pdf

Battlement



B2158-12.pdf  22-May-2003 10:23  958K  [paper description in 
pubs.usgs.gov/bul/b2158/ ]

B2158-12 fault study.pdf  httpspubs.usgs.govbulb2158B2158-
12.pdf [paper index title]

https://pubs.usgs.gov/bul/b2158/B2158-12.pdf  [link to paper ]

"Relation Between Basement Structures and Fracture Systems 
in Cover Rocks, Northeastern and Southwestern Colorado 
Plateau"

by: Earl R. Verbeek and Marilyn A. Grout

This is important. Although the authors 
show most of the faults and joint sets 
occurred afterward in the sedimentary 
rocks above the crystalline schists and 
were not likely caused by the basement 
faults in the schists, they can be related to 
reactivation of basement faults. 
One such relationship is being conduits 
for water and fluids down to the basement 
faults. Natural surface and ground waters 
can be sources and the “newly”
introduced “fracking” is another. Now 
there is another new source, injection of 
liquid wastes including fracking 
“slickwater” and acids. Moreover, these 
faults and joints, themselves, are subject 
to movement (earthquake).
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Engineering:   Structural failures

A ProPublica review of well records, case 
histories, and government summaries of more 
than 220,000 well inspections from October 2007 
to October 2010 found that structural failures
inside injection wells are routine. From late 2007 
to late 2010, one well integrity violation was 
issued for every six deep injection wells 
examined — more than 17,000 

violations nationally. More than 7,000 wells 
showed signs that their walls were leaking. 

Records also showed wells are frequently 
operated in violation of safety regulations and 
under conditions that greatly increase the risk of 
fluid leakage and the threat of water 
contamination. 

ProPublica's analysis showed that, when an 
injection well fails, it is most often because of 
holes or cracks in the well structure itself.

http://www.sourcewatch.org/index.php/Injection_
well

The Colorado Independent
Colorado drilling regulators halt injection-well activity 
in reaction to Greeley quake
John Tomasic June 24, 2014

In the wake of news that a second earthquake in the last 
month has shaken an area of north-east Greeley around a 
deep “injection well” used to bury waste fluid from the 
drilling process known as fracking, Colorado regulators 
have made an agreement with the company that owns the 
well to suspend operations there. 

CBS Denver
Fracking Wastewater Tank Explosion: Concerns Over 
Contaminated Water Reaching Farms
April 18, 2015 12:21 PM

And what else happens:



Injection wells are not part of Mineral Rights

► A Class II injection well could be located strategically to be served by a geologically stable area free of faults             
both basement or in sedimentary formation and water sources. Future area use of the location should be 
considered. 

► An injection well is:

1. Hazardous from fire, explosions, leakage/spills of storage tanks.

2. Misuse, failures, loss by abandonment, leakage after integrity failure and accidents.

3. Changing local geophysical characters such as overburden pressures, leakages into future 
mineral zones, surface migration, and water supply contamination.

► All well casings will fail. All injection wells must have a program for discontinuation and final sealing. Current 
cementing will shrink, crack, and fail. Seismic activity can undo all sealing and destroy integrity.

► Injection well sites have storage tanks,  they should not be close to public water supply nor any waterway 
used for such water supplies. 



ENGINEERING UNIT CLASS II UNDERGROUND INJECTION CONTROL 
WELLS

cogcc.state.co.us/.../govtaskforcesummary_engineering%20uic%20wells.pdf

► The geophysical logs are also used to determine the injection zone thickness and porosity, 
which confirms that the bounding shale zones are thick* enough to provide zonal isolation.

►The COGCC’s policy is to keep injection pressures below the fracture gradient, which is 
uniquely defined for each injection well, in order to minimize the potential for seismic events 
related to fluid injection.

► The COGCC calculates a maximum injection volume, based on thickness and porosity from 
the log data.

► By COGCC policy, the injection volume calculation is restricted to a one-quarter mile radius. 
This restriction is intended to constrain the total volume of injected fluids during the life of the 
injection well.

* “Thickness” is not a sufficient criteria – it needs to include no anomalies of faults, and joint fracture to allow passage.  



Viewing these formations in their surface appearances, in both the 
DeBeque Canyon out to and on Mt. Garfield above Grand 
Junction and at the Grand Hogback, it can be readily seen the 
myriad of joint sets and faults both horizontal and vertical.  

On slide 7, Verbeek and Grout, described these joints and faults
as resulting of actions on the sedimentary beds from bending, 
stretching, and rotational action by pressures. 

These sedimentary formations are not impervious. Ursa explains 
this with their gas flow chart in slide 8 – gas or water are fluids 
and will tend to flow to a lesser pressure zone. With water, 
under pressure to permeate rock and the effect of gravity, it can 
follow faults and joints downward.

Shale formations are not a “guarantee” of being impervious if they 
have been subject to geological movement that has created 
breaking strain and stress.



The radial spread allowed on an injection well is ~ ¼ mile (~1/2 mile 
diameter) and may be subject to expansion beyond that initial limit. 
Injection is not supposed to cause breakage, but if it does, it can’t be 
undone. 

There is no control on a fluid not being able to enter and expand or travel
a formation slip plane or joint. 

The injection field is not “fracked” beforehand unless an exhausted field 
is used for disposal (recall that ~ 50% of a frack fluid is not recovered 
on initial flow back). 

If this injection well is rated “simultaneous”, it will not have any future 
mechanical integrity tests unless there are repairs

This will be some sort of torus spreading in the injected formation and 
will go somewhat spherically if formations above and below are not 
“impervious”. Any vertical faults or joints will provide upward and 
downward flow.  



One major geological tool is the seismic line that was run up the 
Colorado River valley. However, this was a 2 dimensional line 
(Line 2) and relied on limited well logs. Joint sets, faults parallel 
to the line and slip faults between and in formations can be 
missed and/or virtually invisible. 

The problem was great enough, WPX did an extensive seismic 
mapping of their own in the Parachute area and surrounds. This 
information, if available, should be considered publically before 
decisions are made.

It must be recognized that it is not just being able to cause 
basement fault movement by fluid injection, but sedimentary 
overlay movements can also be caused to relieve stresses or 
strains by earthquakes.

PENNSYLVANIAN-PERMIAN PALEOSTRUCTURE AND 1 
STRATIGRAPHY AS INTERPRETED FROM SEISMIC DATA INTHE 
PICEANCE BASIN, NORTHWEST COLORADO, Noel B. Waechter .pdf



But – Why the “must be here”?
• For the lines of wells, the picked Class II sites spacing and location 

would allow formation flooding  under the active wells. 

• Using that flooding pressure to create new liquid bottom pressure 
could be an attempt to “energize” the producing gas wells.

• The overlaying formations are not “impervious”.

• This is against the rules to use Class II waste (toxic) disposals in this 
manner. Every well site becomes a potential leak point.

• The zone is bad, almost on top of one of two major basement faults, 
but operator could alleviate by moving more central between the 
faults which they seemingly refuse to consider.

• Regardless of where it is located, pipelines can replace truck traffic. 
A pipeline terminal can be used to keep traffic out of Battlement. 
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