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MAP M-97 (Revised)

Elevation contours, from th e U SGS U S T opo dataset, are presented for g eneral reference. T h ey 
w ere g enerated from 1/3 arc-second National Elev ation Dataset (NED) digital elev ation models 
(DEMs), filtered to smooth th e arcs. T h e NED data w ere modified by th e National H ydrog raph y 
Dataset (NH D) features for better integ ration betw een h ypsog raph y and h ydrog raph y. In some 
places th e contours may be more g eneralized th an th e base maps used for compilation of g eologic 
contacts. Contacts on th e map w ill typically reflect topog raph ic variation more accurately th an th e 
associated contour lines. Repeated fluctuation of a contact across a contour line indicates th at th e 
mapped rock unit is maintaining a relatively constant elev ation along a g eneralized contour. 
Roads and hig h w ays are sh ow n on th e base map as represented by data from th e K ansas 
Department of T ransportation (KDO T ) and oth er sources.  U .S. Department of Ag riculture–Farm 
Services Ag ency (U SDA-FSA) National Ag riculture Imag ery P rog ram (NAIP) imag ery also w as 
used to ch eck road locations. 
Sh aded relief is based on 1-meter h ydroflattened bare-earth DEMs from th e State of K ansas 
LiDAR Database. T h e DEM imag es, in Erdas Imagine (.img) format, w ere mosaicked into a 
single output DEM in Esri file g eodatabase raster format. T h at DEM w as th en dow nsampled to 2-
meter resolution and subsequently conv erted to g eog raphic coordinates. T h e output DEM w as 
th en conv erted to a hillsh ade, a multidirectional sh aded-relief imag e using angles of illumination 
from 0°, 225°, 270°, and 315° azimuth s, each  45° abov e th e h orizon, w ith a 4x vertical 
exag g eration. 
T his g eologic map w as funded in part by th e U SGS National Cooperative Geologic Mapping 
P rog ram. 
T his map w as produced using th e ArcGIS system dev eloped by Esri (Environmental Systems 
Research  Institute, Inc.). 
T h e K ansas Geological Surv ey does not g uarantee this map to be free from errors or inaccuracies 
and disclaims any responsibility or liability for interpretations made from th e map or decisions 
based th ereon. 
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GENERAL GEOLOGY 
Bourbon County, near th e south eastern corner of K ansas, is bounded on th e north by Linn 
County, on th e south by Craw ford County, on th e w est by Neosh o and Allen counties, and on th e 
east by th e state of Missouri. T h e county h as a total area of 638 mi2 (1,652 km2) (Bell and 
Fortner, 1981), of w hich  9.7 mi2 (25 km2), or 1.5%, is w ater.  P ennsylvanian sedimentary rocks—
limestones, mudrocks, sandstones, and coals— crop out w ithin th e county and rang e in ag e from 
th e low er Desmoinesian (Ch erokee Group) to th e low er Missourian (K ansas City Group). T h e 
g eneral orientation of th ese rocks is diag onal (north east–south w est) across th e county from th e 
oldest (Ch erokee Group), exposed in th e south eastern corner and eastern edg e of th e county, to 
rocks of th e Marmaton and Pleasanton Groups across th e middle, to th e young est (K ansas City 
Group) rocks along th e w estern edg e.   
Rocks of th e Ch erokee Group are mostly siliciclastics (mudrocks and sandstones), w ith an 
occasional thin limestone. It is w ithin this interv al th at most of th e economically important coal 
beds occur. T h e low er Marmaton Group is siliciclastics and thick limestones; th e upper 
Marmaton and Pleasanton Groups are mostly siliciclastics w ith thin limestones; and th e K ansas 
City Group is mudrocks and thick limestones.  
T h e stratig raphic sequence in Bourbon County extends from below  th e Mineral coal bed in th e 
Cabaniss Formation (Ch erokee Group) to th e low er part of th e Ch erryv ale Sh ale (K ansas City 
Group).  O v erlying th ese P ennsylvanian rocks in stream valleys are Q uaternary alluvium and 
stream terraces. Alth oug h  a number of ch ang es h av e been proposed for th e names of 
lith ostratig raph ic units in this interv al, especially th ose associated w ith th e Desmoinesian–
Missourian boundary, such sug g estions are, at this time, informal. T h e terminolog y used h ere is 
th at given by Zeller (1968) w ith tw o exceptions: T h e H oldenville Sh ale h as been divided into th e 
Memorial Sh ale below  and th e Lost Branch  Formation abov e (H eckel, 1991), and th e Ladore 
Sh ale h as been ch ang ed to th e Elm Branch  Sh ale (H eckel and W atney, 2002). 
T h e bedrock g eolog y of Bourbon County w as mapped on U .S. Geological Survey topog raph ic 
quadrangle maps at a scale of 1:24,000. Data points used in mapping th e bedrock g eolog y are 
av ailable in O pen-File Report 2002-02 (W est and Saw in, 2002) at th e K ansas Geological Survey 
(KGS). Some measured stratig raph ic sections and descriptions of cores in Bourbon County are 
contained in KGS O pen-File Report 94-37 (W est and Saw in, 1994). Alluvial deposits, quarries, 
and strip pits w ere mapped using th e Soil Survey of Bourbon County, K ansas (Bell and Fortner, 
1981). Alluvium and stream terraces 5 ft (1.5 m) or g reater in thickness w ere mapped. T h ese 
deposits include sand, g rav el, silt, and clay th at w ere deposited on floodplains by streams, creeks, 
and rivers. T h ese soil maps, along w ith data from th e K ansas Department of T ransportation, w ere 
also used to h elp locate and identify bedrock units. T h e g rouping s th at h av e been mapped are 
w h at th e auth ors considered mappable lith ostratig raphic units. 
 
GEOMORPHOLOGY 
P h ysiog raph ically, most of Bourbon County lies w ithin th e O sag e Cuestas region; only th e 
south east corner is considered part of th e Ch erokee Low lands. Rocks found in th e O sag e Cuestas 
are composed of alternating layers of sandstone, limestone, and mudrock. T h e cuestas, w ith 
g enerally steeper east-facing slopes and flatter w est-dipping flanks, are subtle, larg e-scale 
features th at are difficult to detect from th e g round. Areas w ith long, narrow , w ater-filled pits 
bordered by h ummocky, veg etated topog raph y now  ch aracterize much of th e Ch erokee Low lands 
in Bourbon County.  T h ese features are th e result of extensive strip mining for coal before 
reclamation of th e mines w as required in 1969. T h ese unreclaimed areas are now  private property 
or public h unting, fishing, and w ildlife areas. 
T opog raph ic relief in th e county is 350 ft (107 m), w ith th e hig h est area (1,110 ft [338 m]) in th e 
south w estern corner and th e low est (760 ft [232 m]) w h ere th e Marmaton River and Little O sag e 
River exit th e state along th e eastern edg e of Bourbon County. Major drainag es include th e 
Marmaton River th at drains th e central and south ern parts of th e county and th e Little O sag e 
River along th e north ern part. T h e W est Fork of Dry W ood Creek cuts th e south eastern corner of 
th e county. Bourbon County State Lake and Lake Fort Scott are th e larg est lakes in Bourbon 
County. 
 
S TRUCTURAL GEOLOGY 
T h e g eneral direction of strike in Bourbon County is north east–south w est w ith regional dip to th e 
north w est at 15 to 20 ft (5 to 6 m) per mile. Locally, strike and dip directions can vary 
sig nificantly. An inferred fault w as mapped in th e H ammond Q uadrangle based on field data. 
 
MINERAL RES OURCES  
Bourbon County is know n for its coal-mining h eritag e, and many different eth nic g roups settled 
h ere to w ork in th e coal fields. Coal w as mined from th e upper Ch erokee and Marmaton Groups 
w h ere th ey occur near th e surface in th e eastern part of th e county. Most of th e mines w ere 
surface mines, but some underg round mining w as conducted. O il and g as is produced from about 
30 active fields in Bourbon County, almost exclusively from Ch erokee Group sandstones and 
coals. A few  small fields h av e produced some oil from th e Mississippian. P roduction for th e 
county in 2019 w as 56,442 barrels of oil from 667 w ells and no g as (K ansas Geological Survey, 
2020). T otal cumulative production for th e county, th roug h  February 2020, is 5,885,518 barrels of 
oil and 1,996,704 million cubic feet of g as. Limestone is quarried for ag g reg ate from sev eral 
P ennsylvanian formations th roug h out th e county. T h e Bandera Sandstone Member of th e Bandera 
Sh ale is quarried near Redfield for flag stone and building stone. 
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GEOLOGIC UNITS  
 

CENOZOIC ROCKS  
 

Holocene 
 

Alluvium  and stre a m  te rrace s— Alluvium and stream terraces include sand, g rav el, silt, 
and clay th at w ere deposited on floodplains by streams, creeks, and rivers. Deposits 
estimated to be 5 ft (1.5 m) or more in thickness, based on Bell and Fortner (1981), are 
included in this unit.   
 

PALEOZOIC 
 
Che rryvale S hale — T h e Ch erryv ale Sh ale occurs only in th e north w estern part of 
Bourbon County and like th e oth er mudrock units in th e county, it is mostly cov ered. A 
thin, h ard, dense limestone bed, probably th e Block Lim e stone Me m b e r, is occasionally 
exposed. 
 
Dennis Lim e stone — T h e low est member of th e Dennis Limestone, th e Canville 
Lim e stone Me m b e r, is a thin, slabby, h ard, slig h tly fossiliferous limestone 1 ft (0.3 m) 
or less in thickness. Abov e th e Canville Limestone Member, th e S ta rk S hale Me m b e r is 
lith ologically similar (black sh ale and g ray mudrock) to, but thinner th an, th e 
H ush puckney Sh ale Member of th e Sw ope Limestone. O v erlying th e Stark Sh ale 
Member is th e Winte rset Lim e stone Me m b e r, a medium to thick-bedded, lig h t-g ray to 
w h itish, fossiliferous, often alg al limestone th at is 3 to 20 ft (1 to 6 m) thick. A 
crossbedded, oolitic limestone occurs in th e upper part of th e W interset. Ch ert may also 
occur in th e middle and upper parts. T h e Dennis Limestone is w ell exposed in th e 
north w estern part of th e county and is 25 to 50 ft (8 to 15 m) thick. 
 
Gale sb urg  S hale — T h e Galesburg Sh ale is a medium- to dark-g ray to yellow ish -brow n, 
platy to blocky mudrock th at may be silty and/or sandy. T h e Galesburg is commonly 
cov ered and rang es from 2 to 15 ft (0.6 to 5 m) thick. 
 
S wope Lim e stone — At th e base of th e Sw ope Limestone, th e Middle Cre e k Lim e stone 
Me m b e r is a h ard, dense, bluish -g ray, sparsely fossiliferous limestone betw een 1 and 2 ft 
(0.3 to 0.6 m) thick. It is easily identified because of its position just below  th e dark-g ray 
to black, platy to fissile sh ale of th e Hushpuckney S hale Me m b e r. T h e low er part of th e 
H ush puckney is black sh ale and th e upper part is a yellow ish -g ray mudrock. In 
north eastern Bourbon County, th e H ush puckney is up to 8 ft (2.4 m) thick, but commonly 
it is thinner. O v erlying th e H ush puckney Sh ale Member is th e Bethany Falls Lim e stone 
Me m b e r, consisting of 15 to 35 ft (5 to 11 m) of thin, w av y-bedded, lig h t-g ray, 
fossiliferous limestone. T h e upper 10 to 12 ft (3 to 4 m) of th e Beth any Falls is more 
thickly bedded and is w h itish -g ray w ith darker g ray mottling. O olitic beds may also be 
present. 
 
Elm  Branch S hale — T h e Elm Branch  Sh ale rang es from 5 to 15 ft (1.5 to 5 m) thick. 
Most often this unit is cov ered, its position and thickness determined by th e top of th e 
underlying Sniabar Limestone Member of th e H erth a Limestone and th e base of th e 
ov erlying Middle Creek Limestone Member of th e Sw ope Limestone. W h ere seen, th e 
Elm Branch  is a medium- to dark-g ray to yellow ish -brow n, platy to blocky mudrock. In 
places it may be slig h tly silty and sandy. 
He rtha Lim e stone, Tacket Form ation, Checke rb oa rd Lim e stone, S e m inole 
Form ation, Lost Branch Form ation, Me m orial S hale, Lenapah Lim e stone, and 
Nowata S hale — T h e interv al betw een th e base of th e Sniabar Limestone Member of th e 
H erth a Limestone and th e top of th e Altamont Limestone is predominately siliciclastic and 
contains sev eral thin, discontinuous limestones. T h e thickness of this interv al rang es from 
100 ft (30 m) to more th an 180 ft (55 m). T h e Norfleet Limestone Member of th e Lenapah  
Limestone and th e Critzer Limestone Member of th e H erth a Limestone are locally 
mappable but are not continuous th roug h out th e county. T h e boundary betw een th e 
Desmoinesian and Missourian series occurs w ithin this interv al, but lith ostratig raph ic 
evidence for separating th em w as not found. 

Hertha Limestone— T h e H erth a Limestone is composed of th ree members th at 
are, in ascending order, th e Critze r Lim e stone Me m b e r, th e Mound City S hale 
Me m b e r, and th e S nia b a r Lim e stone Me m b e r. T h e Critzer Limestone Member 
is thin or absent in Bourbon County, and th e Mound City Sh ale Member is a g ray, 
medium- to thick-bedded, fossiliferous limestone th at rang es from 5 to 10 ft (1.5 
to 3 m). T h e Sniabar is commonly an alg al limestone w ith numerous vug s and 
rang es from 5 to 10 ft (1.5 to 3 m) thick. Abundant iron oxide giv es it a dark-
reddish-brow n w eath ered color. 
Tacket Formation— T h e T acket Formation is a g ray, thin-bedded micaceous 
siltstone (Seev ers, 1969).  Because th e Ch eckerboard Limestone is thin or absent, 
it is difficult to separate th e T acket from th e underlying Seminole Formation. 
Sequences of interbedded, thin, h ard, dense, dark-g ray, unfossiliferous 
limestones and medium-g ray mudrocks, referred to in th e literature as th e 
Bourbon flag s, occur in th e upper part of th e T acket. T h e stratig raph ic position 
of th e Bourbon flag s is unclear and may be, in part, equiv alent to th e Critzer 
Limestone Member of th e H erth a Limestone. T h e occurrence of th e Bourbon 
flag s is not consistent. 
Checkerboard Limestone— T h e Ch eckerboard Limestone (or its equiv alent) is 
thin or absent in Bourbon County. 
Seminole Formation— T h e Seminole Formation contains tw o members, th e 
He ple r S andstone Me m b e r and th e S outh Mound S hale Me m b e r. T h e H epler 
sandstone is a relativ ely thin, fine-g rained, brow n to g ray sandstone th at can be 
calcareous; it is sometimes seen in outcrop. T h e South Mound sh ale is a g ray, 
argillaceous mudrock and may contain minor amounts of coal and limestone 
(Jew ett et al., 1965); it is usually cov ered in Bourbon County. T h e Seminole 
Formation is 10 to 20 ft (3 to 6 m) thick. 
Lost Branch Formation and Memorial Shale— T h e Lost Branch  Formation and 
Memorial Sh ale (in descending order) are not w ell exposed in Bourbon County. 
Jew ett (1945) sug g ested th e combined thickness of th ese g ray, bedded, slig h tly 
blocky clay mudrock units is g enerally less th an 30 ft (9 m). Formerly th e 
H oldenville Sh ale (Zeller, 1968), H eckel (1991) h as proposed th e names Lost 
Branch  Formation and Memorial Sh ale. 
Lenapah Limestone— T h e Lenapah  Limestone consists of tw o limestones and an 
interv ening mudrock. T h ey are, in ascending order, th e Norfle et Lim e stone 
Me m b e r, th e Pe rry Farm  S hale Me m b e r, and th e Idenb ro Lim e stone 
Me m b e r. In Bourbon County, both limestones v ary in lith olog y and are thin (less 
th an 2 ft [0.6 m]) or absent. T h e P erry Farm sh ale is a g ray mudrock th at may 
contain thin beds of limestone or irreg ular limestone nodules. Its thickness may 
rang e from 10 to 15 ft (3 to 5 m) (Jew ett, 1945). 
Nowata Shale— T h e poorly exposed Now ata Sh ale is composed of lig h t-g ray, 
yellow , and limonitic mudrocks, sandy mudrocks, and sandstone. It varies in 
thickness from a few  feet to nearly 50 ft (15 m) (Jew ett, 1945). T h e Now ata Sh ale 
is lith ologically similar to th e Labette Sh ale and Bandera Sh ale. An incised 
v alley-fill sandstone, th e Walte r Johnson S andstone Me m b e r, occurs in th e 
low er part of th e Now ata and in places appears to cut out part, or all, of th e 
Altamont Limestone but also can be locally absent. 

Alta m ont Lim e stone— In g eneral, th e Altamont Limestone in Bourbon County rang es 
from 10 to 15 ft (3 to 4.5 m) thick (Jew ett, 1945). In ascending order, th e Altamont 
Limestone is composed of th e Am oret Lim e stone Me m b e r, th e Lake Neosho S hale 
Me m b e r, and th e Worland Lim e stone Me m b e r. T h e Amoret Limestone Member is 
absent or represented by a poorly dev eloped nodular limestone. In th e north w estern part of 
th e county, it is a thin conglomerate to brecciated carbonate; in south east Bourbon County, 
th e Amoret is better dev eloped and th e th ree members of th e Altamont are recog nizable. 
T h e prominent W orland Limestone Member is a h ard, medium-g ray, slig h tly fossiliferous, 
medium-bedded limestone. Betw een th e W orland and Amoret, th e Lake Neosh o Sh ale 
Member is a yellow -brow n to lig h t-g ray mudrock th at contains dark ph osph atic nodules. 
 
Bande ra S hale — T h e Bandera Sh ale ov erlies th e P aw nee Limestone and rang es from 40 
ft (12 m) to more th an 60 ft (18 m) thick. Mostly a siliciclastic sequence, th e low er part of 
th e Bandera Sh ale contains a thin coal, th e Mulb e rry, and in th e south ern part of th e 
county, a thin, dark-brow n, fossiliferous limestone th at occurs just abov e th e Mulberry. 
T h is limestone may be w h at h as been informally called th e Edina limestone in adjacent 
counties. A thick sandstone, th e Bande ra Quarry S andstone Me m b e r, is a conspicuous 
component of this formation, th oug h  its occurrence is restricted. W est of Redfield, K ansas, 
it is quarried for building stone. 
 
Pawne e Lim e stone — U nits mapped as th e P aw nee Limestone are, in ascending order, th e 
Myrick S tation Lim e stone Me m b e r, Mine Cre e k S hale Me m b e r, and La b e rdie 
Lim e stone Me m b e r. T h e combined thickness of th ese th ree members in Bourbon County 
rang es from 20 to 30 ft (6 to 9 m). Alth oug h  th e Anna S hale Me m b e r is formally 
recog nized (Zeller, 1968) as th e basal member of th e P aw nee Limestone, this study does 
not support th e mappability of th e base of th e Anna Sh ale Member. T h e thickness of th e 
Anna is v ariable (usually 2 to 6 ft [0.6 to 2 m]) and sometimes it is absent. T h e top of th e 
underlying Labette Sh ale is often a black to v ery dark-g ray mudrock or sh ale, making it 
difficult to disting uish  from th e ov erlying Anna. T h e Myrick Station Limestone Member 
(1 to 8 ft [0.3 to 2.4 m]) is a thin-bedded, g ray, fossiliferous limestone th at w eath ers into 
reddish-orang e-brow n blocks. T h e Mine Creek Sh ale Member, a dark-g ray fossiliferous 
mudstone, is usually thin (less th an 2 ft [0.6 m]) or absent. T h e Laberdie Limestone 
Member is responsible for most of th e thickness (up to 20 ft [6 m]) of th e P aw nee 
Limestone in Bourbon County. T h e P aw nee thickens w h ere concentrations of alg al debris 
occur in th e lig h t- to medium-g ray, h ard, thin- to medium- and thick-bedded fossiliferous 
Laberdie. 
 
La b ette S hale — T h e Labette Sh ale is a siliciclastic sequence th at rang es from 30 to 75 ft 
(9 to 23 m) thick. Alth oug h  it is mostly mudrock, a sandstone (th e Eng levale S andstone 
Me m b e r) occurs in th e low er part; a thin coal, th e Lexing ton coal b ed, occurs near th e 
middle; and a thin limestone may be present in th e upper part. T h is thin limestone may be 
w h at h as informally been called th e W imer Sch ool limestone in adjacent counties. T h e 
Englev ale Sandstone Member appears to be an incised v alley-fill deposit (formerly referred 
to in th e literature as a ch annel sandstone) th at, in places, cuts out th e low er Labette Sh ale, 
th e Fort Scott Limestone, and th e Cabaniss Formation dow n to th e top of th e V erdig ris 
Limestone Member (Sch oew e, 1959). 
 
Fort S cott Lim e stone — T h e Fort Scott Limestone consists of tw o prominent limestone 
members and a dark-g ray to black interv ening mudrock and sh ale. T h e Fort Scott 
Limestone is stratig raph ically th e low est conspicuous limestone in th e county and rang es 
from 20 to 30 ft (6 to 9 m) thick. T h e low est member, th e Blackjack Cre e k Lim e stone 
Me m b e r, is thinly bedded in th e upper part w ith th e low er part more medium to thickly 
bedded. T h e Blackjack Creek Limestone Member (8 to 12 ft [2.4 to 4 m] thick), and th e 
upper member, th e Hig g insville Lim e stone Me m b e r (8 to 15 ft [2.4 to 4.5 m] thick) are 
h ard, dense, g ray, fossiliferous limestones. Betw een th ese tw o limestones is th e Little 
Osa g e S hale Me m b e r (about 5 ft [1.5 m] thick), a dark-g ray to yellow ish-brow n mudrock 
in th e upper part and a black, platy to fissile sh ale in th e low er part. A thin coal, th e S um m it 
coal b ed, sometimes occurs w ithin this member. 
 
CHEROKEE GROUP— T h e Ch erokee Group, a siliciclastic sequence, consists of marine 
and nonmarine sandstones, thin limestones, coal beds, and silty, sandy mudrocks. T h e 
Ch erokee Group (including surface and subsurface rocks) is composed of th e Cabaniss 
Formation abov e and th e K rebs Formation below  (Zeller, 1968) and in Bourbon County is 
up to 400 ft (122 m) thick (Ebanks et al., 1977). T h e K rebs Formation does not occur at 
th e surface in Bourbon County. 
Ca b aniss Form ation— U nderlying th e Blackjack Creek Limestone Member of th e Fort 
Scott Limestone is th e informally named Excello shale, a black, fissile to platy sh ale th at 
ov erlies th e Mulky coal b ed. Beneath  th e Mulky coal is th e Bre e zy Hill Lim e stone 
Me m b e r, a thin-bedded, often pedog enic limestone. T h e Breezy H ill Limestone Member 
av erag es less th an 2 ft (0.6 m) but can rang e from a feath er-edg e to 8 ft (2.4 m) (Sch oew e, 
1959). T h e Bevie r coal b ed occurs below  th e Breezy H ill and 1 to 2 ft (0.3 to 0.6 m) abov e 
th e Ve rdig ris Lim e stone Me m b e r. T h e Cabaniss Formation abov e th e V erdig ris 
Limestone Member rang es in thickness from 80 to 100 ft (24 to 30 m). T h e V erdig ris is up 
to 3 ft (1 m) thick and is easily recog nized w h ere it is exposed in th e south eastern part of 
th e county. According to H ow e (1956), th e V erdig ris consists of one to th ree beds of h ard, 
dark-g ray to black, fossiliferous limestone th at w eath er a dark orang e-brow n. T h is interv al 
is sometimes informally subdivided; th e thick limestone is reg arded as th e V erdig ris and 
th e one or tw o oth er thinner limestone beds and associated black sh ale are referred to as 
th e V -sh ale, a unit w idely recog nized in th e subsurface. Below  th e V erdig ris, th e Cabaniss 
consists of sandstones and mudrocks w ith th ree named coal beds. T h e coals are, in 
descending order, th e Crowe b urg, Fle m ing, and Mine ral.  Calcareous, pyritic beds often 
ov erlie th ese coals and form caprocks. T h e Mineral and Crow eburg coals h av e been 
extensiv ely mined, but th e Fleming is poorly dev eloped in th e county. Below  th e V erdig ris, 
10 to 45 ft (3 to 14 m) of Cabaniss is exposed in Bourbon County. T h e four coal beds—
Mulky, Bevier, Crow eburg, and Mineral— w ere mapped using data in th e files of th e 
K ansas Geological Surv ey. 
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Index sh ow s th e names and locations of th e 20 
U SGS 7.5-min 1:24,000-scale quadrangles used 
in th e digital compilation of th e Bourbon County 
map. T h e g eolog y w as mapped in th e field using  
th ese topog raph ic maps. 
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