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Master Legend - Geologic Formations

Pump Station
Valve

Steele City Segment Routes

e

Alternative A
Alternative A1A
Alternative B
Access Road
Railroad

Abandoned Railroad

Geologic Map Symbols

—l

Strike and dip of inclined beds
Contact

Contact, approximately located
Contact, concealed

Fault

Fault, approximately located
Fault, concealed

Fault, inferred

Bar and ball on downthrown block
Fold axis

Fold, approximately located axis
Fold, concealed axis

Fold, inferred axis

Anticline

Monocline

Plunge Direction
Syncline
Ancient river channel axis

Geological linement
determined from air photos

Extent of glaciation
(hachures on glaciated side)

Silcrete bed
Terrace scarp
Unconformity

Geologic Map Units

Qal, Alluvium of modern
channels and flood plains

Qac, Alluvium-colluvium

Qat, Alluvium of alluvial
terrace deposit

Qc, Colluvium

Qls, Landslide deposit

Qao, Alluvium, older, undivided
Qg, Glacial deposits, undivided

Qgac, Gravelly sheetwash
alluvium and colluvium

Qsg, Sand and gravel
Qgr, Gravel

Qgi, Glacial ice-contact deposits;
kames, kame terraces, eskers

Qgt, Glacial till
Qgl, Glacial lake deposit
Qglb, Glacial lake bar deposit

QTat, Alluvium of alluvial
terrace deposit

QTgr, Terrace gravel 7?7
Tf, Flaxville Formation
Tfu, Fort Union Formation
Tfsb, Sentinel Butte Member
Tftr, Tongue River Member
Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Tft, Tullock Member

Tsg, Sand and gravel

Khe, Hell Creek Formation
Kfc, Colgate Member

Kftt, Timber Lake Member
and Trail City Member

Kfh, Fox Hills Formation
Kb, Bearpaw Shale

Kjr, Judith River Formation
Kcl, Claggett Shale

Kp, Pierre Shale

af, Artificial fill - large dams,
freeway interchanges

W, Water
Clinker
Regions of paleosol
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North Dakota

Geologic Map Units

Qal, Alluvium of modern
channels and flood plains

Qac, Alluvium-colluvium

Qat, Alluvium of alluvial
terrace deposit

Qc, Colluvium

Qls, Landslide deposit

Qao, Alluvium, older, undivided

Qg, Glacial deposits, undivided

Qgac, Gravelly sheetwash

alluvium and colluvium
Qsg, Sand and gravel
Qgr, Gravel

Legend
Qgt, Glacial till
Qgl, Glacial lake deposit
Qglb, Glacial lake bar deposit
QTat, Alluvium of alluvial

terrace deposit

QTgr, Terrace gravel ??
Tf, Flaxville Formation
Tfu, Fort Union Formation
Tfsb, Sentinel Butte Member
Tftr, Tongue River Member
Tfe, Ekalaka Member
Tfld, Ludlow Member
Tfle, Lebo Member
Tft, Tullock Member

Fox Hills

i EENEE

\

Khe, Hell Creek Formation

Kfc, Colgate Member

Kftt, Timber Lake Member

and Trail City Member

Kfh, Fox Hills Formation

Kb, Bearpaw Shale

Kjr, Judith River Formation

Kcl, Claggett Shale

Kp, Pierre Shale

af, Artificial fill - large dams,
freeway interchanges

W, Water

Clinker

Regions of paleosol
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Qgi, Glacial ice-contact deposits; :EZKilometers

Tsg, Sand and gravel 0 05 1
kames, kame terraces, eskers .
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Legend Montana Study Area

Geologic Map Units Qgt, Glacial till Khc, Hell Creek Formation

Qal, Alluvium of modern
channels and flood plains

Qac, Alluvium-colluvium

Qat, Alluvium of alluvial
terrace deposit

Qc, Colluvium

Qls, Landslide deposit

Qao, Alluvium, older, undivided

Qg, Glacial deposits, undivided

Qgac, Gravelly sheetwash

alluvium and colluvium
Qsg, Sand and gravel
Qgr, Gravel

Qui, Glacial ice-contact deposits;
kames, kame terraces, eskers

Fort Union Formation

Qgl, Glacial lake deposit

Qglb, Glacial lake bar deposit

QTat, Alluvium of alluvial
terrace deposit

QTgr, Terrace gravel ??

Tf, Flaxville Formation

Tfu, Fort Union Formation

Tfsb, Sentinel Butte Member

Tftr, Tongue River Member

Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Tft, Tullock Member

Tsg, Sand and gravel

Fox Hills
Formation
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Kfc, Colgate Member

Kftt, Timber Lake Member
and Trail City Member

Kfh, Fox Hills Formation

Kb, Bearpaw Shale

Kjr, Judith River Formation

Kcl, Claggett Shale

Kp, Pierre Shale

af, Artificial fill - large dams,

freeway interchanges
W, Water
Clinker
Regions of paleosol
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Legend — Montana Study Area
pe Geologic Map Units Qgt, Glacial ti Khc, Hell Creek Formation
7] gQal, AIITJVium of modern Qgl, Glacial lake deposit @ Sl Kfc, Colgate Member KEYSTON E XL PROJ ECT
. channels and flood plains Qglb, Glacial lake bar deposit £ 5! Kitt, Timber Lake Member ConaccPhillips ) Tanscanaca
7 Qac, Alluvium-colluvium QTat, Alluvium of alluvial xE and Trail City Member
% Qat, Alluvium of alluvial terrace deposit * I-?- Kfh, Fox Hills Formation
terrace deposit QTgr, Terrace gravel ?? [ Kb, Bearpaw Shale Map b00k 4
Qc, Colluvium Tf, Flaxville Formation [0 Kjr, Judith River Formation H H
Qls, Landslide deposit H | Tfu, Fort Union Formation Kcl, Claggett Shale GEOIOg IC FO rm atlons
m Qao, Alluvium, older, undivided 5 Tfsh, Sentinel Butte Member [ Kp, Pierre Shale
X g Qg, Glacial deposits, undivided £ Titr, Tongue River Member HE  af, Artificial fill - large dams, Map 03 of 27
> 8 Qgac, Gravelly sheetwash 1| Tfe, Ekalaka Member freeway interchanges
QL < alluvium and colluvium S Tfld, Ludlow Member W, Water
i2\| & Qsg, Sand and gravel g Tfle, Lebo Member I Clinker 0 0.5 1 2
z Qur, Gravel b Tit, Tullock Member " Regions of paleosol ‘ - | Miles
\ Qgi, Glacial ice-contact deposits; e Tsg, Sand and gravel (%F:Zmlometers
N kames, kame terraces, eskers 1: 100' 000
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Legend o Montana Study Area
pe Geologic Map Units Qgt, Glacial ti Khc, Hell Creek Formation
gQal, AII’:Nium of modern Qgl, Glacial lake deposit @ Sl Kfc, Colgate Member KEYSTO N E XL P ROJ ECT
channels and flood plains Qglb, Glacial lake bar deposit £ 5! Kitt, Timber Lake Member ) Tanscanaca
7 Qac, Alluvium-colluvium QTat, Alluvium of alluvial xE and Trail City Member
3 Qat, Alluvium of alluvial terrace deposit * I-?- Kfh, Fox Hills Formation
terrace deposit QTgr, Terrace gravel ?? [ Kb, Bearpaw Shale Map b00k 4
Qc, Colluvium Tf, Flaxville Formation [0 Kjr, Judith River Formation H H
Qls, Landslide deposit H | Tfu, Fort Union Formation Kcl, Claggett Shale GEOIOg IC FO rm atlons
m Qao, Alluvium, older, undivided s Tfsh, Sentinel Butte Member [ Kp, Pierre Shale
g Qg, Glacial deposits, undivided £ Tttr, Tongue River Member Ht  af, Artificial fill - large dams, Map 04 of 27
8 Qgac, Gravelly sheetwash 1| Tfe, Ekalaka Member freeway interchanges
< alluvium and colluvium S Tfld, Ludlow Member W, Water
S Qsg, Sand and gravel 1 Tfle, Lebo Member Il Clinker 0 0.5 1 2
z Qgr, Gravel £ Tft, Tullock Member " # Regions of paleosol i - ) Miles
) \ Qui, Glacial ice-contact deposits; & Tsg, Sand and gravel (%F:Zmlometers
kames, kame terraces, eskers 1: 100"000
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Legend Montana Study Area
Geologic Map Units Qgt, Glacial till Khc, Hell Creek Formation
gQaI, AII’iJvium of modern Qgl, Glacial lake deposit @ Sl Kfc, Colgate Member KEYSTON E XL PROJ ECT
channels and flood plains Qglb, Glacial lake bar deposit £ 5! Kitt, Timber Lake Member ConacoPhillips ) Tanscanaca
Qac, Alluvium-colluvium QTat, Alluvium of alluvial § g- " and Tr"ail City Member
at, Alluvium of alluvial terrace deposit IS Kfh, Fox Hills Formation
@ terrace deposit QTgr, Terrace gravel ?? [ Kb, Bearpaw Shale Map b00k 4
Qc, Colluvium Tf, Flaxville Formation [0 Kjr, Judith River Formation H H
Qls, Landslide deposit 5 Tfu, Fort Union Formation Kcl, Claggett Shale GeOIOg IC FO rm atlons
m Qao, Alluvium, older, undivided 5 Tfsh, Sentinel Butte Member [ Kp, Pierre Shale
§ Qg, Glacial deposits, undivided £ Titr, Tongue River Member HE  af, Artificial fill - large dams, Map 05 of 27
8 Qgac, Gravelly sheetwash e Tfe, Ekalaka Member freeway interchanges
- alluvium and colluvium 5 Tfld, Ludlow Member W, Water
5 Qsg, Sand and gravel £ Tfle, Lebo Member Il Clinker 0 0.5 1 2 i
z Qur, Gravel £ Tit, Tullock Member " Regions of paleosol ———e Clometors iles
Crowinpia \ Qgi, Glacial ice-contact deposits; g Tsg, Sand and gravel 0 o5 1 2
RESERVATIO kames, kame terraces, eskers 1:100,000
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pe Geologic Map Units
Qal, Alluvium of modern
channels and flood plains

7 ) Qac, Alluvium-colluvium
§ Qat, Alluvium of alluvial
terrace deposit

Qc, Colluvium

Qls, Landslide deposit

Qao, Alluvium, older, undivided

Qg, Glacial deposits, undivided

Qgac, Gravelly sheetwash
alluvium and colluvium

Qsg, Sand and gravel

Qgr, Gravel

"~ North Dakota

Fort Union Formation

Qugi, Glacial ice-contact deposits;
kames, kame terraces, eskers

Legend
Qgt, Glacial till
Qgl, Glacial lake deposit

Qglb, Glacial lake bar deposit

QTat, Alluvium of alluvial
terrace deposit

QTgr, Terrace gravel ??

Tf, Flaxville Formation

Tfu, Fort Union Formation

Tfsb, Sentinel Butte Member

Titr, Tongue River Member

Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Tft, Tullock Member

Tsg, Sand and gravel

Fox Hills
Formation

Khc, Hell Creek Formation

Kfc, Colgate Member

Kftt, Timber Lake Member
and Trail City Member

Kfh, Fox Hills Formation

Kb, Bearpaw Shale

Kjr, Judith River Formation

Kcl, Claggett Shale

Kp, Pierre Shale

af, Artificial fill - large dams,

freeway interchanges
W, Water
Clinker
Regions of paleosol
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Legend Montana Study Area
pe Geologic Map Units Qgt, Glacial till Khc, Hell Creek Formation
Qal, Alluvium of modern Qgl, Glacial lake deposit 25 Kfc, Colgate Member KEYSTON E XL PROJ ECT
channels and flood plains Qglb, Glacial lake bar deposit £ & Kftt, Timber Lake Member ps )y wanacanaca
Qac, Alluvium-colluvium QTat, Alluvium of alluvial 3 g and Trail City Member
Qat, Alluvium of alluvial terrace deposit Lo Kfh, Fox Hills Formation

terrace deposit
Qc, Colluvium
Qls, Landslide deposit
Qao, Alluvium, older, undivided
Qg, Glacial deposits, undivided
Qgac, Gravelly sheetwash

alluvium and colluvium

Qsg, Sand and gravel
Qgr, Gravel

QTgr, Terrace gravel ??

Tf, Flaxville Formation

Tfu, Fort Union Formation
Tfsb, Sentinel Butte Member
Titr, Tongue River Member
Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Kb, Bearpaw Shale

Kjr, Judith River Formation
Kcl, Claggett Shale

Kp, Pierre Shale

af, Artificial fill - large dams,

freeway interchanges
W, Water
Clinker
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Fort Union Formation
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Tft, Tullock Member Regions of paleosol
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Tsg, Sand and gravel 0 05 1 2 /

Qgi, Glacial ice-contact deposits; e (jlometers
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3™ North Dakota

Geologic Map Units

Qal, Alluvium of modern
channels and flood plains

Qac, Alluvium-colluvium

Qat, Alluvium of alluvial
terrace deposit

Qc, Colluvium

Qls, Landslide deposit

Qao, Alluvium, older, undivided

Qg, Glacial deposits, undivided

Qgac, Gravelly sheetwash

alluvium and colluvium

Qsg, Sand and gravel

Qgr, Gravel

Qugi, Glacial ice-contact deposits;
kames, kame terraces, eskers

Fort Union Formation

Qgt, Glacial till

Qgl, Glacial lake deposit
Qglb, Glacial lake bar deposit
QTat, Alluvium of alluvial
terrace deposit
QTgr, Terrace gravel ??

Tf, Flaxville Formation

Tfu, Fort Union Formation
Tfsb, Sentinel Butte Member
Titr, Tongue River Member
Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Tft, Tullock Member

Tsg, Sand and gravel

Fox Hills
Formation

Khc, Hell Creek Formation

Kfc, Colgate Member

Kftt, Timber Lake Member
and Trail City Member

Kfh, Fox Hills Formation

Kb, Bearpaw Shale

Kjr, Judith River Formation

Kcl, Claggett Shale

Kp, Pierre Shale

af, Artificial fill - large dams,

freeway interchanges
W, Water
Clinker
Regions of paleosol
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terrace deposit

QTgr, Terrace gravel ??

Kb, Bearpaw Shale

Legend Montana Study Area
Geologic Map Units Qgt, Glacial till Khc, Hell Creek Formation
Qal, Alluvium of modern Qgl, Glacial lake deposit 25 Kfc, Colgate Member KEYSTON E XL PROJ ECT
channels and flood plains Qglb, Glacial lake bar deposit £ & Kftt, Timber Lake Member ps ) ramcanaca
Qac, Alluvium-colluvium QTat, Alluvium of alluvial 3 § and Trail City Member
Qat, Alluvium of alluvial terrace deposit Lo Kfh, Fox Hills Formation

Mapbook 4

« Qc, Colluvium Tf, Flaxville Formation Kjr, Judith River Formation H H
g Qls, Landslide deposit B Tfu, Fort Union Formation Kcl, Claggett Shale GeOIOg ic Formations
& g Qao, Alluvium, older, undivided = Tfsb, Sentinel Butte Member Kp, Pierre Shale
= ] Qg, Glacial deposits, undivided £ Tftr, Tongue River Member af, Artificial fill - large dams, Map 10 of 27
8 Qgac, Gravelly sheetwash & Tfe, Ekalaka Member freeway interchanges
= alluvium and colluvium 5 Tfld, Ludlow Member W, Water
3 Qsg, Sand and gravel 5 Tfle, Lebo Member Clinker . 1 2
Suster z Qgr, Gravel © Tft, Tullock Member Regions of paleosol ‘ : ! Miles
k ; g e o ! ey — lometers
CROWINDIAN  NORTHERN Qgi, Glacial ice-contact deposits; w Tsg, Sand and gravel 0 05 1 2
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1:100,000




sy

>

\\..,W..\.\rr{.\.....
016y,
“Hlling.
i

Montana Study Area
KEYSTONE XL PROJECT

) Transcanaca

ps

Mapbook 4
Geologic Formations

o

! Miles

Map 11 of 27

0 0.5 1
ey ilometers
0 05 1 2
1:100,000

Legend
Qgt, Glacial till

Khc, Hell Creek Formation
Kfc, Colgate Member

Geologic Map Units

uonewsoH

Kftt, Timber Lake Member

and Trail City Member
Kfh, Fox Hills Formation

Kb, Bearpaw Shale
Kjr, Judith River Formation
Kcl, Claggett Shale
Kp, Pierre Shale
Ht=  af, Artificial fill - large dams,

SIIH Xo4

Qgl, Glacial lake deposit

Qal, Alluvium of modern

Qglb, Glacial lake bar deposit

QTat, Alluvium of alluvial

channels and flood plains

Qac, Alluvium-colluvium

terrace deposit

QTgr, Terrace gravel ??
Tf, Flaxville Formation

terrace deposit

Qat, Alluvium of alluvial
Qc, Colluvium

freeway interchanges

Water

Regions of paleosol

W,

Il Clinker

Tfsb, Sentinel Butte Member
Titr, Tongue River Member
Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfu, Fort Union Formation
Tfle, Lebo Member

Tft, Tullock Member
Tsg, Sand and gravel

uolewsoS uolun UoH

alluvium and colluvium

Qsg, Sand and gravel

Qgr, Gravel
kames, kame terraces, eskers

Qls, Landslide deposit

Qao, Alluvium, older, undivided
Qg, Glacial deposits, undivided
Qgac, Gravelly sheetwash

Qugi, Glacial ice-contact deposits;
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Qal, Alluvium of modern
channels and flood plains

Qac, Alluvium-colluvium

Qat, Alluvium of alluvial
terrace deposit

Qc, Colluvium

Qls, Landslide deposit

Qao, Alluvium, older, undivided

Qg, Glacial deposits, undivided

Qgac, Gravelly sheetwash

alluvium and colluvium

Qsg, Sand and gravel

Qgr, Gravel

Qugi, Glacial ice-contact deposits;
kames, kame terraces, eskers
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3™ North Dakota

Fort Union Formation

Legend

Qgt, Glacial till

Qgl, Glacial lake deposit

Qglb, Glacial lake bar deposit

QTat, Alluvium of alluvial
terrace deposit

QTgr, Terrace gravel ??

Tf, Flaxville Formation

Tfu, Fort Union Formation

Tfsb, Sentinel Butte Member

Titr, Tongue River Member

Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Tft, Tullock Member

Tsg, Sand and gravel

Fox Hills
Formation

Khc, Hell Creek Formation
Kfc, Colgate Member
Kftt, Timber Lake Member

KEYSTONE XL PROJECT

Montana Study Area

) manscanacs

and Trail City Member
Kfh, Fox Hills Formation
Kb, Bearpaw Shale
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channels and flood plains
Qac, Alluvium-colluvium
Qat, Alluvium of alluvial
terrace deposit
Qc, Colluvium
Qls, Landslide deposit
Qao, Alluvium, older, undivided
Qg, Glacial deposits, undivided
Qgac, Gravelly sheetwash
alluvium and colluvium
Qsg, Sand and gravel
Qgr, Gravel
Qugi, Glacial ice-contact deposits;
kames, kame terraces, eskers
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Qgt, Glacial till

Qgl, Glacial lake deposit

Qglb, Glacial lake bar deposit

QTat, Alluvium of alluvial
terrace deposit

QTgr, Terrace gravel ??

Tf, Flaxville Formation

Tfu, Fort Union Formation

Tfsb, Sentinel Butte Member

Titr, Tongue River Member

Tfe, Ekalaka Member

Tfld, Ludlow Member

Tfle, Lebo Member

Tft, Tullock Member

Tsg, Sand and gravel
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Formation
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Kfc, Colgate Member

Kftt, Timber Lake Member
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and Trail City Member
Kfh, Fox Hills Formation

Kftt, Timber Lake Member
Kb, Bearpaw Shale
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freeway interchanges

W, Water
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Tf, Flaxville Formation
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