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Geology Classification Examples

Classification = systematic arrangement in gr

or categories according to established criteria.
C —

Multiple classification systems can be developed to
describe the same object or process.

r 4
FOLK CLASSIFICATION SYSTEM . . . . .
Allochernical Rocks Crthochernical Rocks Reef Rock Mlcroscope thln Sectlon descrl ptlon
Allochemical | Class 1 - Sparry | Class 2 - Micrite Class 3 Class 4 -
Clast Type Calcite Cement Mlatrix
T e & T e
70 | [P S | «— : .-
nraclasts | [ ® | | e @ B — Limestone Classifications
Intrasparite Intramicrite Micrite Biolithite
Osites Hand specimen and in outcrop.
e s Particl DUNHAM DEPOSITIONAL TEXTURE CLASSIFICATION
Fassil 75 'ﬂ;"‘s articles Original components not bound together during deposition. Original components bound together
nesls P i Micrite Containa Tiod during deposition, as shown by
. . P . . Lacks hud intergrown skeletal matter, lamination
Bloslmn_te Biomicrite Cement (particles of clay and fine silt size) - cuntr%ry to gravity, or sediment-floored
%’0@0}5% ' SR Mud-Supported (Grain-Supported cavitios that are roofed over by organic
Oﬂgc: ¥y Less than Ware than or guestionably organic matter and are
Pellets B °e _ _
mal et it e @ %% 10% grains. | 10% grains. too large to be interstices.
Pelsparite Pelmicrite Mudstone |Wackestone| Packstone Grainstone Boundstone
==y
Sparry Calcite ) .
Coment Lime Mud Matrix V4 é

:-.'.*\ENERGYAMERICA Texture & Grain Size




Geology Classification Examples

Color

FELSIC

INTERMED | MAFIC

Felsic Mafic
(light color) Intermediate (dark color) Ulramafic
80-
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| gneous Rock Field Classification

(Porphury)

APHANERITIC
PORPHORITIC

VEFICULAR

Pumics s
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Volcanic Plutonic
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f=m

GLASSY
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(Mineral Abundance)
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Historic Geothermal Classifications

Comparison of USGS Geothermal Resource Types

Circular 726 - 1975

Circular 790 - 1979

Conductive transport of heat

Conduction-dominated thermal regime

& chemical)

Geopressured-geothermal resources (thermal

Igneous-related systems

Igneous-related systems

Energy directly from molten systems

Hot but cooling systems

Hot but cooling systems

Hydrothermal convection system

Hydrothermal convection system (T 2 90°C)

Low-temperature systems (T < 90°C)

Comparison of NREL & MIT Geothermal Resource Categories

NREL - 2006

MIT - 2007

Deep geothermal

Conduction-dominated EGS

Sedimentary rock formations

Crystalline basement rock formations
Supercritical volcanic EGS (USGS 790)

Shallow hydrothermal (identified) > 90°C

Shallow hydrothermal (unidentified) > 150°C

Hydrothermal (USGS 726, 790)

Co-produced & Geopressured

Coproduced fluids (McKenna, et al., 2005)

Geopressured systems
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CLASSIFICATION:
— Low temp.
(< 90°C or 194° F)
— Moderate temp
(90°-150° C or
194°- 302° F)
— High temp.
(> 150°C or 302° F)

Geo-Heat Center

Oregon Institute of
Technology




Rationale For New Classification - On

Company Discussion T GULF of MEXICO
GULF COASTAL PLAIN * CONTINENTAL SHELF
Y ) o1 e ]
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sedimentary basins:
SANCSTONE FCES P
percant {or more
1 - Stranded = water B
behind pipe N
A) lithostatic = g
geopressured [ || O\ N\ 0\ ] aee*" A —0u
B) hydrostatic -
2 — Co-Produced = SULE astone L
Growth Fault
natural ﬂOW Or \ Dept_h h_eI;WhT:FFr:s_sure
gradlenﬁt_e)ﬂ:ief“s_q_:s_lllnnzm
Pumped along with e e
oil / gas PORE FLUID \ PRESSURE — +
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Rationale For New Classification - T

Comparison of USGS Geothermal Resource Types

Circular 726 - 1975

Circular 790 - 1979

Heat Transfer

Conduction-dominated thermal regime

Conductive transport of heat
& chemical)

Geopressured-geothermal resources (thermal

Igneous-related systems Geologic Environment

Igneous-related systems

Geologic Environment

Energy directly from molten systems

Hot but cooling systems

Hot but cooling systems

Hydrothermal convection_gystem

Hydrothermal convection system (T = 90°C) €——

Low-temperature systems (T < 90°C)

/
Heat Transfer /
&

Comparison of NREL & MIT Geothermal Resource Categories

Resour ce Category NREL - 2006

MIT - 2007

Geologic Environment

/

Conduction-dominated EGS Heat Transfer

Mixing

Terminology

Deep geothermal

—

Geologic Environment —

—)

/+ Sedimentary rock formations

/* Crystalline basement rock formations

\*Supercritical volcanic EGS (USGS 790)

/YShaIIow hydrothermal (identified) > 90°C

Resource

Resource Category —F Shallow hydrothermal (unidentified) > 150°C
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Hydrothermal (USGS 726, 790)  Category

\

Co-produced & Geopressured

Coproduced fluids (McKenna, et al., 2005)

]

Geopressured systems

Resource Category




Proposed Power Classification

Five Distinct Categories
1 - Geologic Environment
A) Plate Margin
B) Intraplate —
2 _ Geologic Feat Proposed Geothermal Power Classification System
— Geologic Feature Geologic Geoloaic Feature Crustal Heat Resource Rock Tvbe
3 — Crustal Heat Source Environment 9 Source Category P
- EBack Arc Basins
[
4 — Resource Category £ Convergent Yolcanic Arc Complex Maamatic Steam lgneous
£ [(Compressional) Continental Yolcanism J Hydromagmatic | Sedimentary
5 — Rock Type o
= Intrusive Complex
- Divergent Volcanic Spreading Center — Steam gneous
@ | (Extensional) Rift Systemns J Hydromagmatic | Sedimentary
L
= Full-Apart Easins
£ Transform Transtensional Faults Magmatic Stearn lgnecus
n—‘f (Strike-Slip) d Hydromagmatic | Sedimentary
Yolcanic / Magmatic Centers
Mantle Flumes (Hot Spots) Magmatic Staam | Igneous
Extensional Terrain Hydromagmatic | Sedimentary
Intraplate Cratonic Basins Stranded
i G d
Environment Thermal Gradient Enpressure_ Sedimentany
) ) ) Hydrostatic
Fassive Margin Basins
Co-Produced
Easement Complex Radiogenic Hot Dy Rock lgneous
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Power Classification — Plate Margin

Proposed Geothermal Power Classification System
. . . Crustal Heat Resource
Geologic Environment Geologic Feature Rock Type
Source Category
Back Arc Basins
. .
) Convergent Volcanic Arc Complex Maamatic Steam Igneous
o .
Q. Intrusive Complex
=} . .
m Divergent Volcanic Spreading Center Magmatic Steam Igneous
<. (Extensional) Rift Systems g Hydromagmatic Sedimentary
=
o
3 Pull-Apart Basins
g UELE I Transtensional Faults Magmatic Steam 'gneous
- (Strike-Slip) 9 Hydromagmatic | Sedimentary
Volcanic / Magmatic Centers
P ATEw» AP ATE> «—PLA TE—P‘ - PLATE > =P ATEF—» *—— P ATE——» | «— P ATEF—»
Convergent Coralifaran
Back Arc Fw Divergent Continent- I,—__':'f_,"?’_'?'_—
M e fAdargina} Vol Arc Continantal Piate Boundery continent
., Bagn G pom . omen | TmaCeman o Soligen | ROB VA (Teman)
S Vo ' e T T x “Ooean Bagn ! e At L LA e
L + %E: | m :\)’G}I > |'££"L_\I _'_“ﬁyf_\'l 3 |_hf_"?‘ﬁ_? |+ Cwmﬂ?—.;hl ﬁ
e M‘L‘Cﬁﬁ : R
/_\ T ' =
ROE = Remnant Ocean Basin III.H
DCM = Divergent Continental Margin e - py
ME = Micracontinent LA Lo 6 e
VA = Volcanic Arc (Island or Magmatic Arc) Diagram adapted from: C.‘”
M S i s James Madison University I
]




Plate Margin — Convergent (Compressic

Images from: University of Michigan

Lithosphere

Asthenosphere

Oceanic - O_ceanic

Oceanic - Continental

Himalayas

Marianas; Japan

. Andes; Cascades Andesitic
Basalgu‘: Andesiti Dacite
Andesitic gai?tlelc Rhyolite
Rhyolite
Rock type data from: | Summary Table
San Diego State University >
Magma |Solidified . - . .
& Type Rocl Chemical Composition Temperature Viscosity
Volcanology and _ 45-55 Si0, %, high in Fe, Mg, Ca.
Geothermal Energy Basaltic |Basalt ow in KN 1000 - 1200 °C [Low Low
woin K, Na
N . 55-65 SiO, %. intermediate in Fe, _ _
Andesitic |Andesite 800 - 1000 °C |Intermediate | Intermediate
Mg Ca Na, K
Table from: Tulane University Rhyoliic [Rhyolite 65-75 5i0, %, low in Fe, Mg, Ca, 650 - 800°C |High High
high in K. Na.
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Plate Margin — Divergent (Extension)

Volcanic Spreading Center

New Mexico?
Texas?
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Plate Margin — Transform (Strike-Slip)

PUII - Apart Basin Bartov & Sagy, 2004, Geol. Mag.

Hebrew University of Jerusalem

il
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Right-slip foult continues
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margin
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floor
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-=, corner
a 3
R
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o) Oblique-
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Slide blocks
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MAP
Transform Crowell, 1984, AAPG Reprint
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http://upload.wikimedia.org/wikipedia/commons/7/7b/Dead_Sea_Galilee.jpg

Plate Margin — Transform (Strike-Slip)
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Power Classification — Intraplate En

Proposed Geothermal Power Classification System

Passive Margin Basins

Co-Produced

Geologic Environment Geologic Feature Crustal Heat Resource Rock Type
Source Category
Mantle Plumes (Hot Spots)
, Steam Igneous
Magmatic Hydromagmatic Sedimentary
Extensional Terrain
Intraplate Environment Cratonic Basins Stranded
) Geopressured )
Thermal Gradient Sedimentary
Hydrostgatic

Basement Complex

Radiogenic

Hot Dry Rock

Igneous
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Intraplate — Mantle Plumes (Hot Spots

EXPLANATION

Divergent plate boundaries—
Where new crust is generated
as the plates pull away from
each other.

2%

e
o

P o e e AR
R

sttt Convergent plate boundaries—
Whare crust is consumed In the
Earth’s interior as one plate
dives under another,

..-.-

L
o) “\.
- Afa o
o ."\.'\\.-.'\._x'\.(.and\‘

éﬁ”ﬁr’ s
-2

e Translorm plate boundaries—
Whero crust is neither produced

nor destroyed as plates slide o]
horizontally past each othaor, fr’_’

TUH Piate boundary zones—Brosd

TREREE belts in which deformation is
dilluse and boundaries are not
well defined.

Courtesy of USGS

o] Selectad prominent hotspots

Basaltic

Images from:
San Diego State University
and

Minnesota supercomputing
lab.

Fone of

magima
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Intraplate — Extensional Terrain

Basaltic
To
Rhyolitic

- Matnmeiphis Cose Complas b

L'.::' W ajor B athalak

s lihuﬂuap Metamonpber Rods

;J Larasmide Thiusl Faulls
Fl

Horst Graben

; Sarwiar Thinert Fawiis

»
I

F] Shontium 8780 700 Lins

Basin and Range

http://www.colorado.edu/GeolSci/Resources
/WUSTectonics/CoreComplex/5700.html

Courtesy of USGS

Eﬁ-\ ENERGY AMERICA .


http://upload.wikimedia.org/wikipedia/commons/d/d2/Range_Map.jpg
http://upload.wikimedia.org/wikipedia/commons/0/0d/Horst_graben.jpg

Intraplate — Cratonic Basins

Lo o

Wallace, 1982 R ' ' ' T ——
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Intraplate — Passive Margin B

Passive Margin Basins

Western Gulf :

e e
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Intraplate — Basement Complex

asement Complex
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Costain et al., 1980

Virginia Tech
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Sedimentary Rocks

— i

Top Zone Heat Exchanger
Newly developed heat
axchanger which remains to
be testad,

i Habanero #2

Bottom Zone Heat Exchanger
Highly permeable stimulated
fracture system with fluid volume
of 11 million cubic meatres.

Large Natural Fracture System
Unstimulated lower permeability
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Conclusions

Previous geothermal classifications have
at times attempted to be all encompassing
regarding geothermal energy application.

Previous geothermal classifications have )
often mixed geologic, engineering, & heat
transfer terminology.

The proposed geothermal power classification
systematically organizes characteristics or
criteria into five specific categories.

The proposed classification allows target sites to
be categorized by geology and should help in
exploration and economic planning of projects.
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