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A Tried and True Landmark

“Wahatoya”
Double Mountain in Comanche



Why are the Spanish Peaks 
(and High Plains) weird and 
amazing? 



The High Plains 
Geographic 
Region
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How and when did the 
High Plains and Rocky 
Mountains get high?









Geology’s Fourth Dimension: 
Time
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Colorado’s Geologic History

14erart.com

deanallman.com

Sangre de Cristo Range
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Colorado’s Geologic History

East S.PWest S.P

Wet 
Mountains

Western 
Interior 
Seaway 
sediments

Blakely, NAU
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The Laramide Rocky Mountains 
are eroded down 37 m.y.a
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The Laramide Rocky Mountains 
are eroded down 37 m.y.a



Colorado’s Geologic History



Colorado’s Geologic History

Today’s talk focuses on this 
time period



North America in the 
Oligo-Miocene 
(34 - 5 million years ago) 

Mesohippus

U. Nebraska PerrisodactylsU. Florida





Why are the Spanish 
Peaks isolated from the 

rest of the Southern 
Rocky Mountains?



Magma chamber

Volcano (extrudes to surface) 



Magma chamber

Pluton (solidifies below surface)



Erosion of less resistant rock 
leaves pluton standing 

above all else

Pluton





Radial Dikes from West Spanish Peak



So… How and when did the 
Spanish Peaks get from deep 
down in Earth, to 13,000 feet 

above sea level?



Studying the evolution of 
landscapes



Thermochronology

32

Temperature Time



Most rocks have radioactive atoms

Autunite (visible light) Autunite (UV light)



electromrk



Apatite: A mineral clock and thermometer

Britannica.com
35



Earth gets HOT the deeper down you go

egc.berkely.edu



Tells us WHEN a rock cools to 
near-surface conditions

70°C = 160°F



From rock to data

Measures Helium Measures Uranium and Thorium



Thermochronology in the 
Spanish Peaks





East Spanish 
Peak

West Spanish 
Peak

(1-1.25 miles)
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East Spanish 
Peak
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>1.5 km (~1 mile) of vertical 
rock eroded in 3-4 million 
years

!!!

East Spanish 
Peak

West Spanish 
Peak



~3 km (~1.8 mile) of vertical 
rock eroded since 19 m.y.a

East Spanish 
Peak

West Spanish 
Peak





Looking out East: How 
widespread is the erosional 
episode?
Apishapa Dikes and Two Buttes



Little Black Hills (2050m)

Huerfano Butte 
(1820m)

Cucharas 
Reservoir Dike 
(1800m)

Mica Butte 
(1730m)

Spanish Peaks Transect 
(3900m - 2270m)



125 mi East…

Spanish 
Peaks

Two 
Buttes



Two Buttes 
(1320m)

Igneous intrusions

Ogallala 
Formation
Had to form after Two 
Buttes was exposed at the 
surface



High Plains Aquifer

Conglomerate

geologyscience.com



Surface 24 m.y.a when the Spanish Peaks were emplaced



Two Buttes must be at the surface 
by this time



Dikes cool below 70°C



The Spanish Peaks erosional episode was experienced 
over a large area and continued till 6 m.y.a



Still have to erode 1.5 km from 6 
m.y.a to today!

12,700 ft

4,350 ft

13,600 ft

West SP East SP



Southern Colorado’s 
Recent Geologic 
History



1. The land surface at 24 m.y.a. was ~10,000 ft 
higher than it is today. All of this was removed 
since 19 m.y.a

1. Removal of material was fast. ~3,300ft/million year

1. Erosion was experienced far out into the High 
Plains as far as the Kansas border (and maybe 
more!)



How?



Mechanisms of rapid erosion

1. Orogeny = tectonic mountain building (horizontal 
displacement)

Wikipedia Commons
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Mechanisms of rapid erosion

1. Orogeny = tectonic mountain building (horizontal 
displacement)

2. Epeirogeny = vertical displacement of the crust



East African Rift supports high, flat plains



Colorado is hot beneath the Rockies 



Farallon Slab Subduction (Laramide Orogeny)



Ignimbrite Flare-up Magmatism



Rio Grande Rifting



A theoretical 
mantle drip

Abbott et al., 2022



Many explanations, 
not one final. 

But, knowing the 
timing of this event is 
crucial to narrow 
them down.  
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A special place for all…



Thank you for listening
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What can cause temperature to change?

phys.org



Decay of Uranium



For half of Earth’s total 
Uranium to decay, this 
will take 4.5 billion years



From rock to data



From rock to data Sampling in the High Plains

1. Igneous = contains 
trace minerals required

 
1. Intrusive = solidified 

below the ‘closure’ 
temp 

1. Young = shorter history 
to interpret 

Aidan at the Eagle Rock Dike, NM



From rock to data

100 microns



From rock to data

Measures Helium Measures Uranium and Thorium
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