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EXECUTIVE   SUMMARY

As       the       glaciers      retreated      from

northeastern     Kansas,     they    left    behind

deposits  of  sand  and   gravel  that  fined  up

older   river   valleys.      These   deposits   hold

good-quallty   water   that   can   be   pumped

for  human  use.

In     tllls     study,     the     authors     experi-

mented    wlth    ways    to    find   these    valleys

without    havlng    to    drill    many    expenslve

test   holes.     Operatlng  ln  areas   of  Nema-

ha   and  Jefferson  counties   where   glacial

burled     valleys    were     thought    to    occur,

they   combined   a  number  of  technlques  to

predlct     the     best     places     to     drill     test

holes.       Differences    ln    temperatures    at

shallow      depths      were      stildled;      selsmlc

refraction        and       electrlcal       resistlvlty

surveys   were    made;    and   Landsat   images

were   examined.     All   of  these   techniques

were    quicker    and    chea.per    than    drllling

holes    and    helped    to    better    deflne    the

buried-valley  channels.
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AN   INTEGRATED   APPROACH   FOR   LOCATING   GLACIAL   BURIED  VALLEYS

j:nmeesE.R.DLeuncn:sad   D°n   W.   Steeplesb'    Marios   A.   Sophocleousa,   Anthony   F.   Severinic,   and

ABSTRACT
Aqulfers   found   in   glaclal   buried   val-

leys   are   a   major   soiirce   of   good-quality

groundwater      in      northeastern      Kansas.
The    extent    and    character    of    many    of
these    deposits   are    not   precisely   known,
so   a   detailed   study   of   the   buried   valleys
was    undertaken.      Test   drllllng,    Landsat
imagery,         shallow-earth         temperature
measurements,     seismic     refraction,     and
surface    electrical    roslstlvlty    were    used
to   evaluate   two  sites  ln  Nemaha  and  J ef-
fcrson      counties.           Tonal     patterns     on
spring-time    Land§at     imagery    and     wlrl-
ter/summer    anomalles    ln    sliallow-earth
temperatures   were  quick  and  inexpensive
methods  for   locating  some   glaclal-burled
aql.lfers    and    suggested    areas    for    more
intensive   field   studies.     Reversed  seismic
refraction    and    reslstlvlty    surveys    were
generally   reliable   lndica.ors   of  the   pres-
ence   or   absence  of  glac]al  buried   valleys,
with     most     depth     determlnatlons     belng
wlthln       25        percent       of       test-drilling
results.      The   effectiveness   of   expenslve
test-hole    di.llllng    was    greatly    Increased
by    integratlng   remote-sens]ng,    shallow-
earth   temperature,  selsmlc,   and  reslstlv-
ity    techniques    ln    the    two   buried-valley
test  areas.

INTRODUCTION

As   populatlon   and   demand   for   water

Increase,   groundwater   supplies   are   galn-

lng   slgnlflcance    ln   northeastern   I(ansas.

They     are     especlally     Important     durlog

times  of  low  preclpltatlon,  when  surface-

wator    supplies    decllne.       Altllough    bed-

rock     formations    ln    the    area    generally

contain   little,  lf  any,   hlgh-quality   water,

large    quantltles    of   fresh    water   may   be

obtained    from    deposits   in   glacial   buried

valleys.     To  loca,te   tliese   aqulfers,  a   pron

gram     integrating    remote    senslng,    geo-

physical,   and   test-drHling  techniques  has

been  used.

Two     small     test     sites    were    chosen

from   the   general   study   region,   whlch  lnl

eludes   16   countlos   ln   northeastern   Kart-

sas   (Fig.1).       The    distinctive    test    sltes

Include   a  broad,  deep  channel  ln  Nemalia

County  and  a  very  narrow,  deep  channel

Geohydrology  Section,  I(ansas  Geologlcal  Survey,  Lawrence,  Kansas  66044.
Environmental  Geology   and  Geophyslcs  Section,  Kansas  Geological  Survey,  Lawrence.
Kansas  66044.

CFormerly   with  Geohydrology  Section,  Kansas  Geological  Survey,  Lawrence,  Kansas

d6F6o°r4:;ern,:WwTt'hthG::sr:}een`cneTseeccht|:Cn:'ASpe;rj'ccaets,'o:s°:Srta°nnc'hTeEXRa3;7£:t7;center,sioux

Falls,  South  Dakota  57198;  now   with   Centaur  Exploration,  lnc.,   Amarillo,  Texa.s  79109.



Explantion

''£p:::c¥::o:imit B Test  Site

FIgure  1.    General  buried-valley  study
area  and  test  sltes.

in   Jefferson   County.      They   were   chosen

to   evaluate    the   applicablllty   of   the   rel

mote    senslng    and    geophysical     methods

for  delineating  burled  valleys  in  the  larg-

er  study  region.

The     general     study    area    represents

the   coulitles   that    were   entirely   or   par-

tially        glaclated        during        prc+Illinolan

time.        Quaternary    deposits    exposed    ln

northeastern   Kansas   Include   glaclal   drift

(till,    outwash,    and    lacustrlne    deposits),

loess,    and    alluvium.       Pennsylvanian    and

Permlan   shale,   limestone,   and   sandstone

bedrock   formations   occur   near   the   land

surface  in  other  areas.

The     general     locatlon    of    preglaclal

drainageways   ls   shown   in   Figure   2.     The

buried   valleys    may   be   up   to   three   miles

(5   kin)   wide,  400   feet  (120   in)   deep,   and

more   than   75   miles  (120   kin)   long.     De-

posits    filling     these    valleys    range    from

clayey     sedlments     to     sand     and     gravol.

Many    of   the    bilrled-valley    aqulfers    are

confined,    while    others    are    unconflned.

Water    levels    are    commonly    between    5

and  50  feet  (1.5   and  15   in)  below  the  land

surface,  but  locally  they   may  exceed  loo

feet    (30    in).        Aquifer    yields    range    to

approxlmately  500   gallons  per   mlnut®  (31

/sec).

To    Investigate    the   16-county    study

area,  data  have   been   compiled  from   such

sources     as     water-,     oil-,     and     gas-well

drillers;   englneerlng   firms;   and   prevlous

hydrogeologic     studies.           In      the     9,500

square     mile    (24,GOO    km2)    region    there

are  naturally  many  areas  with  little  or  no

reliable    data.         Posltlve    results    ln     the

Nemaha   and   Jefferson   test   sites   demor+

strate   the   benefit  of  using   remotcLsens-

lng,    temperature+pro flling,    seismlc,    and

reslstlvlty      methods      to      maxlmlze      the

effectlveness  of  test  drllling  for  locating

and      evaluating      other      glaclal      buried-

valley  aquifers.

TECHNIQUES

Remote  Sensin Lamdsat  Data

The    NASA     Landsat    satellites    have

been      gatherlng      earth      resources      data

since   1972.       Eacli    of   the   three   Landsat

systems   operates   at   an    altltude   of   570

miles    (917    kin).        Image    data    collccted

from    tlie   multlspectral   scanner   are   for-

matted    to    cover    an    area    of   about   115

miles   (185    kin)    by   115    mlles   per   scene.

Parts      of     four      Landsat     scenes     cover

norl:heastcrn  Kansas,  lncludlng  the  gel+



Test  Site

Explamtion

25 InfeITed preglac ial mainageways
30

kin

Figure  2.    Preglaclal  drainage   map  of  northeastern  Kansas.   (After  Dreeszen  aild
Burchett,1971.)

Oral   stLidy   area.

In    research   conducted   by   LLicas   and

Taranik   (1977),    late    April    to    early    May

Landsat   imagery   proved   to   be   most   use-

ful   for   analysis   of  Quaternary   land forms

and     materials     in     the     upper     Midwest.

Using   a   June   9,1973,   Landsat   image   for

central      Indiana,      Peterson      and     others

(1975)   dellneated   a  40   mile-(64   kin)  long

buried    valley.      For   the   present   study   in

the  lower   Midwest,  imagery  from   March,

Aprll,   and   May   was   evaluated.      On   sev-

eral     false-color     composite     images     of

northeastern   Kansas,   tonal  patterns  were

identified  that  were  thought  to  be  assoc-

iated     with     buried     valleys     lri     Nemaha,

Marshall,     and     other     countles.         These

image   patterns   form   faint   curvlng   paths

that   cut    across   landscape   features,   but

often    follow     topographic    hlghs.        When

compared   to   the   preglacial   dralnage   map

of    the     lower     Mlssourl    Bas]n    (Dre¢szen

and    Burchett,1971),   there    ls    a    general

correspondence   between   Image   patterns

and  some  napped  burled  vamcys.

The   Image  patterlis  have   a  blue-gray

color   on   the   false-color   composltes   and

dark      gray      tones      on      black-and-white



prints    of    tlie     infrared    spectral    bands.

They   are    probably   related   to   variations

in     surficial      materials,     which     ln     turn

influence      varlatlons      ln      soil       molsture

content.        These     differences    are     most

apparent    ln    spring    when    the    growth    of

vegetation  ls  just  beglnnlng.

Computer-enhanced    Imagery    proved

to   be   more   useful   than   un®nhanced  star+

dard    products    in    delineating    tonal    pat-

terns     thought     to     be     associated     wltli

buried    valleys.       Avallable   EDIES   (EROS

Data   Center   DIgltal   Image  Enhancement

System)   imagery    was    evaluated   for   tlie

study    area.        When    compared    to    uner+

l`anced   imagery,   tones   of   interest   were

more    distinct    and    patterns    were    more

prominent  on  the  EDIES  products.

To     delineate     Image    patterns    even

more          readlly,          a          linear-contrast-

enliancement     technique     (for     a     general

discussion,        see        Taranik,       1978)       was

ai)plied  to  a  springTtlme  Landsat  scene  at

the   U.  S.   Geological  Survey's   EROS   Data

Center.         An     Interactive     multlspectral

imagelanalyzlng    system    (General    Ele-

trlc    Image    loo)    was    used    .o    maximize

the     difference     between     the     light    and

dark     Image    tones    assoclated    with    the

buried   channel   in   Nemaha   County   on   an

Infrared    band   (Landsat,   band   7,    May   3,

1976,     lD     #246716171).         The     enhanced

band   7   was   recorded   on   film   by   a   laser-

beam   recorder.    A   subscene   covering  the

study    area    was    extracted    photographi-

cally   and   printed   at   1:125,000   scale.     A

pattern   analysls    was   completed   for   this

slJbscene,     and     areas     thought     to     have

buried     valleys     were     delineated.         This

approach   formed   tlie   strategy   for    more

lntenslve  fleld-exploration  technlques.

Seismic  Refraction

Selsmlc   refraction  Involves  the   mea-

surement   of   the   veloclty   of  soilnd  waves

ln     geologlc     layers.        Typlcal     velocltles

from   tliis  study   area,   ln  order  of  increas-

ing    depth,   are   3,000-5,000   ft/sea   (900-

1,500   in/sec)  for  near-surface   soil,  loess,

or   sand;   5,000-7,500   ft/sec   (1,500-2,300

in/sec)      for      till;      8,000-12,000      ft/sec

(2,400-3,700       in/sec)       for      shale;      and

12,000-19,000  ft/sec  (3,700-5,800   in/sec)

for    llmestone    bedrock.      The    veloclty   of

sourid     ln     water     ls     about    4,800    ft/see

(1,460   in/see)  so  the  degree  of  water  sat-

uration   is   a  factor  ln  the  observed  veloc-

ity  of  near-surface  layers,  particularly  in

sands  and  gravels.

Seismic   P-wave   (primary   wave)   first

arr]vals     on     a     multlchannel    selsmogram

are   generally   easy   to   flt   to   one   or   more

stralght   lines.      Each   geologic   layer   that

has   a   seismic    veloclty   greater   than   the

layer    above    lt    wlll    manlfest    Itself   with

its   own   stralght   line.    The  reclprocals  of

the   slopes   of   those   straight   llnes   reprc+

sent  the   velocltlcs  of  the   geologlc   layers

present.      The   Intercepts   of   the   stralght

lines    ln    conjunctlon    with    the    velocltles

then    allow   the   analyst   to   calculate    the

thlcknesses    of    the     layers    by    standard



algebraic   methods.    (For   a   more   detailed

dlscusslon,  see   Dobrln,1976.)

Two       different       fleld       techniques,

reversed   and   unreversed   refractlon   pro-

files   (Dobrln,1976),    were    used.      Ttlere

are    three    geologlc    assumptions    made   ln

the     use     of    the     unreversed     refraction

method:

1.          Geologic    units    exist   as    discrete

contlnuous   layers   that  have   zero

dip.

2.          Each     unlt     ls    homogeneous    and

isotropic   to   tl`e   passage   of  sels-

mic  P-waves  throLlgh  the  unit.

3.          Each  successive   unit  in  depth  has

a    higher    P-wave    velocity    than

the  unit  above.

In    practice,    ln    areas    of    glaclal    tlll

and/or    alluvium,   oiie   or   all   of   the   above

assum|)lions   may  be   violated.    For  exam-

ple,    sand    or    clay    I®nses     may    occur    fn

either   envlronment,   and   channel   deposits

of     different      ages      may     truncate     tlie

units.      Recent    vertical    seismic   profillng

in        boreholes        and       shallow-reflection

experiments  in  liortheastern  Kansas  have

demonstrated    some    of   these    violations.

These    include,    for    example,    the    aniso-

tropic    nature    of   alluvium    ln   the   Kansas

River   Valley,    where   the   horizontal   sols-

mic   velocity  ln   the   nortl+south   direction

ls   approximately   30   percent   higher   than

in   the    vertical   dlrectlon;   and   the   pres-

Once  of  low-velocity  layers,  not  sus-

pected  by  Inspection  of  Samples  obtalned

by   rotary   drllllng,   ln   both  the  Kansas  and

Blue   River  valleys.

Depths    calculated    from    unreversed

refraction   data   are   subject   €o   addltlonal

ei.Tors  lf  any  dip  ls  present.    The  reversed

method     removes     the     dip     error.         The

refractlon   profile    is   reversed   simply   by

lnterchanglng    the    posltlon    of    the    Shot

hole   and   the   geophones.     Selsmlc   energy

has    a    dlfforent    apparent    velocity   when

traLvelllng    up-dip    than    lt   does   travelling

dowr+dip.         The     field-reversal     process

allows      the       a.nalyst      to      solve       math-

ematlcally    for    both    true    dip    and    true

velocity     within    the    constralnts    of    the

assumptlons   mentioned  earlier.

The     data     were     gathered     with     an

Input/Output   DHR   (Digital   Hlgh   Resolu-

tion)  1632'   digital   seismograph.     Part  of

the   data   were  recorded  on  eight  channels

using  up  to  1.5   pounds  (0.68  kg)  of  explal

sivos.      The   remainder   of   the   data   were

recorded      with     12     channels     uslng     the

MinlsosIE    recording    technique    (Barbler

and      Vlallix,       1973)       and      about      1,000

Impacts      from      an     engine-driven     eal.th

compactor  at  each  shotpolnt.

Data   were   recorded   on   digital   tape

for    later    playback    and    enhancement    in

addltlon    to    being    plotted    ln    the    fleld.

Data   analyses   were   done   wlth   a  comput-

er    program    (Stander,1977).      Slopes   and

intercepts  were  obtained  from   least-

*The  use  of  specific  product  names  throughout  the  text  is  for  fdentlflcatlon  only  and  does

not  imply  eTidorsemeTit  by  the  Kansas  Geological  Survey.



squares      fits      to      time-distance      points

picked   manually  from   seismograms.     The

program    then    solved    for    true    veloc!ty,

thickness,   aLnd   true  dip  for  any  number  of

layers.

Resist]vity

Electrlcal    reslstMty   technlques   can

be   used  to  determine   the  posltlon  of  hor-

izontally    stratlfled    geologic    units    wlien

these    units    vary    ln    their   ieslstance    to

electrlclty.     Typlcal   values   of  reslstivlty

found  ln  the  study  area  are  10  to  30  olim-

ft  (3-9  ohm-in)  for  clay,  200  to  500  ohm-

ft   (61-152    ohm-in)   for    sand,    and   70   to

150   ohm-ft   (21-46   ohm-in)   for   mixtures

of   clay   and   sand.    Shale   values  are  20   to

50   ohm-ft   (6-15   ohm-in),   and   limestone

values    are    more    tl.an    500    ohin-ft   (152

ohm-in).

Vertical    Electrical    Soundings    (VES)

are   used   to   determine   the   vertical   dir

ferenccs    ln    apparent    resis.lv]ty    caused

by    different    geologic    unlts   (Zohdy    and

others,1974).     A   controlled   current   field

is  imposed  on  the   geologlc   units  by  use  of

a   current  source,   usuaHy   a  battery,  col+

nccted   to   €he   earth   by   two   probes.      As

the    space    between    probes    ls   Increased,

the   current   flow   lines   penetrate   deeper.

The       potential       field      caused       by      the

imposed    curren.    field    ls    measured    with

two       probes       positloned        a       specified

dlstance   away   from    the   current   probes.

The   apparent  reslstivity  ls   calculated  for

a    speclflc     current-probe    spacing    using

Ohm's   Law    modified   to   comply   wlth   the

geoiTietric     pattern    of    the    current    and

potential   probes.     Apparent  reslstlvlty  ls

an   overall   average   resistlvlty   caused   by

all   geologic   units   that   are   Influenced   by

the    cilrrent    flow    lines.      VES   curves   are

constructed         by         plottlng         appar.nt

resistivlty    versus    one-half   the    current-

i)robe     spacing.         Hence,    dlfferences    ln

apparent       reslstivlty       wlth       Increasing

probe  spacing  lndlcate   different   geologic

layers  with  depth.

Data    were    collected    using    a    Bison

Model    2390    Slgnal    Enhancement    Regls-

tivlty   System.       Noise    caused   by   normal

tellurlc   earth   currents   and  other  sources

was     averaged     out     by    slgnal     enhance-

ment.        Inaccuracies    caused    by    lateral

inhomogenelt]es     were     minlmized     along

wlth  required  fleld  time  by  the  use  of  tlie

Schlumberger       electrode       conflguratlon

(Zohdy     and     others,     1974).          The    VES

curves    were    Interpreted    uslng    modified

versions    of    comptiter    programs    written

by   Zohdy  (1973).    The   modlflcations  pro-

vided   a  closer  representation   of  the  field

data   because   of   tlie   utlllzatlon   of   twice

the   usual   amount  of  computer  Input  data

required      to      interpret      smoothed     VES

C IJ r V e S,

erature  ProfHln

Shallow-earth    temperature    proflllng

for   aqulfors   uses   varlatlons   ln   the   thcr-

mal   properties   of   geologic   materlals   and

water     (Cartwrlght,     1968).          Unconsol-



idated     sediments     have     relatively     low

thermal     conductlvitles,     wa€er    ls    ln.er-

medlate,    and    bedrock    units    have    mucli

higher   values.     The   materials,   therefore,

respond    differently    to    a    changing   tem-

perature   environment.     Bedrock   temper-

atures,     for     example,     Show     a     greater

fluctuation   in   a   smaller   amount   of  tlme

than      temperatures      of      unconsolidated

sedlments.

The   presence   of   v/ater   in   unconsoll-

dated   deposits   signiflcantly   changes   the

thermal       properties       of       the       deposits

because   of  the   very  hlgh  spcclflc   heat  of

water  and  its  greater  thermal  conductiv-

ity.     Tlle   water   may  then  cause  a  shallow

a.qulfer  to  act  as  a  hea€  sink  (i.®.,  absorb-

ing  heat)   or  a   heat  source.    The   aqulfer's

disturbance    of   the    geothermal    gradient

may  Influence  bea+surface  soil  tempera-

tures.      If   an   aquifer   has   distinct   lateral

boundarles       and       lf      the       temperature

effects   of   other   heat   sources   or   lasses

can   be    ellmlnated   or    evaluated,   a   posi-

tive   (warm)   anomaly   would   be   expected

over  it  ln  winter,  and  a  negative  anomaly

would   be   expected   in  summer.     As   Cart-

wright     (1968)     conflrmed     by      measure+

ments   in   Illinois,   the   slze   of  the   anomaly

is  dependent  on  the  thermal  properties  of

the   overburden,   the   temperature   differ-

Once    between    the    surface    and    aqulfcr,

the    depth    of    burial,    and    probably    the

thickness       and       permeability       of       the

aqulfer.

It     ls     well     documented     that,     with

Increasing    soil    depth,    the    magnitude    of

temperature    fluctuatlons    decreases    and

the   temperature   maxlma   appear   later   ln

time.     For  this  study,   temperatures  were

measured   below   the   depth   Influenced   by

dlurnal    temperature    changes   but   withln

the   depth   range   of   the   annual    changes.

Field   measurement   of   soll   temperatLires

near   Manhattan,   Kansas  (in   Rlley  County

lrl   the   southwes.ern   part   of   the   general

study    area),    lndlcated    that    tlie    diurnal

effects     were     not    significant    there    at

depths     of    four     feet    (1.2     in)     (Fig.    3).

Therefore,    this    depth    was    adopted    for

our  study.
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Figure  3.    Soll  temperatures  in  the
Manhattan,  Kansas,  area.   (A)  7:00
a.in.,  August  1963,  (8)  8:00  a.in.,
March  1962.    Temperature  data  pral
vided  by   Agricultural  Experlment
Stations,  Kansas  State  Univorsity,
Manliattan,  Kansas.



Proper    field    procedures    are    neces-

sary          to          obtain          soil-temperature

measurements  free   of  microclimatlc   dif-

ferences.          The     diurnal     fluctuation     ls

effectively      eliminated      by      taking      the

readings  at  four  feet  (1.2   in).    Slow   tern-

perature    cllanges    at    this    depth    can    be

minimized   by    taking   a    large    number    of

measurements     within     sliort     periods     of

time,    probably    one    to   two   days.      Mea-

surements     at     the     adopted     depth     also

eliminate   frozeri-soil   effects,   which   tend

to   obliterate    anomalles.       Raln   can    also

I.educe    temperature    variations,    depend-

ing   on    the    permeability    of   the    soil    and

tlie  amount  of  rain.

Vegetation  dlfferences,  direction  and

degree   of   slope,   soil   color,   albedo,   mois-

ture     content,     and     other     factors     that

affect   soil   temperatures   were   not  evalu-

ated  systema.tlcally  in  this  study,  nor  are

quantitative     relatlonshlps     given     in     tlie

literature.      These   factors   can   be   mlnL

mized   in   the   field,   however,   by   choosing

station       sites       that       allow       the       most

uniformity.            Buried      plpellnes,      whlch

could    also    influence    temperature,    were

avoided.

We   used   very  slmple   lnstrumentatlon

for   measurlng  soil  temperatures.    It  col+

slsted    of    a    general-purpose    thermlstor

probe   epoxled   at  the   end  of  a  0.375  inch-

(0.95    cm)    dlameter    clear-plastlc,    rlgld

tube   that   can   be   inserted   Into   any   hole

larger   than   the   diameter  of  the  tube.    A

battery-powered,   light-weight   Ysl   (Yel-

low    Springs   Instrument    Co.,    Inc.)    model

46   telc-thermometer    was   used   to   mea-

sure  soil  temperatures.

The    four-foot-    (1.2    in)    deep    mea-

surement   holes   were   drllled   us]ng   a   hand

probe    or    truck-mounted    core   barrel    or

auger.      Experience   has   shown   that   lt   is

valid     to      make     temperature     measurcL

ments    a    few    hours    after    drwllng.       Tlte

temperature   was    monltored   perlodlcally

untll   the   probe   reached   cqull]brlum   wlth

the     soil.         The     holes     were     meanwhlle

covered   wlth   IIglit-colored   cardboard   or

styrofoam.

Temperature      profHes       were       col+

structed   for  the  study   area.    Because  the

plJrpose   of   our   temperature   prospoctlng

was   to   evaluate   the   general  applicabllity

of  thls   method   ln   locating  buried   valleys

and   not   to   engage   ln   a   detalled   tt`ermal

study    evaluatlng    all    lnfluenclng    micro-

environmental    factors,    no    attempt    was

made    to    elimlnate    masklng    data.       Our

Interest    was    ln    the    main    trends   of   th.

temperature  fluctuations.

Drll'   Logs

Test   drllllng   was   used   to   verlfy   the

presence   of   buried   valleys   and   to   evalt+

ate   the   cliaracter   of  the   aqulfcrs.    Shal-

low    (less    than    107    feet    [33     m])    auger

holes  and   deep  (100400  feet  [30-122   m|)

rotary    holes    were    drilled.       In    additlon,

logs   were   obtained   from   water-well   and

oil    and    gas    drillers,    englnecrlng    firms,

aiid   other   government   agencies.      In   the



two   test   areas,   more   holes   were   drllled

in       regions       where      interpretations      of

remote-sensing  and  geophysical  data  sug-

gested  the  presence  of  buried  valleys.

CASE   STUDIES

Two   small   areas  in   Ncmaha   and  Jef-

ferson   counties   were   intensively   studied

using   a   comblnat!on   of   Clie   methods   I)rel

viously   discussed.      These   locations   were

chosen     for     tli®Ir     dlstlnctlve     types     of

buried   valleys.    One   channel  ranges  up  to

3   miles  (5   kin)   ln   width   and  400  feet  (120

in)   ln   depth,   while   the  other  ls  only  about

500   feet   (150    in)    wide    ln    places,   but   ls

stlll  100  to  200  feet  (30rfo  in)  deep.

Nemaha  Count

The     major    buried    valley    of    north-

eastern     I(ansas     ls     a     tributary    of    the

amcestral  Grand   Rlver  in   Mlssourl.    It  oc-

curs     in     tlie     southern     part    of    Nemaha

County,  Kansas  (Fig.  4),  where  the  valley

fill   is   known   to   be   as   much   as   380   feet

(116   in)   thick.      A   basal   gravel,   generally

less   than   20   feet   (6   in)   thlck,   Is   overlain

by   heterogeneous    clayey   sed]ments,   and

sand   and   gravel   layers  are  found  between

the   clays.     Aqulfer  ylelds  range   to   about

350  gpm  (22   I/see).

Taken   by   I.self,   the   goologlc   map   of

Nemaha   County  (Ward,1974)   gives   little

evidence    for    the    presence    of   the    deep

buried-valley    system.       AIIuvlal    deposits

are    napped    along    most   of   the    modern

streams,   and   bedrock   oLitcrops   are  found

ln  the  extreme  southern  and  northern  and

locally   ln   the   central   parts   of  the   couri-

ty.          Most     of     the     area,     however,     !s

covered  by  glaclal  drift.

In     contrast     to     the     geologic     map,

Landsat     Imagery     for     Nemalia     Coiinty

suggests    less    unlformlty.      Varlatlons   ln

topograf)hy,  land   use,   and  surflclal   mate-

rials   wlth   tllelr   attendant   moisture   cori-

tent  form   complex,   Interrelated   patterns

to      be      analyzed.          Using     conventional

tecliniques   of   air-photo   lnterpretatlon,   a

narrow     band     of    dark     gray     tone     that

curves   from    the   southwest   to   the   east-

central  part  of  the  county  was  dellneatcd

on    the    enhanced    band   7   subscene   from

May   3,1976   (Fig.   5).      For   more   than   10

mlles   (16   kin)   ln   the   southwest,   the   axis

of  tlie   major   buried   valley   as   mapped  by

WaLrd  (1974)  falls  wlthln  the  tonal   pattern

dellneated    from    the   Image.      It   appears

tha.    the    cntlre    pattern    may   be    associ-

ated   wlth   a   lobate   end   moraine   and   lee

marginal    drainage,    and    fleld    investlga-

tlons    of    the    pattern    area    wlll    be    dls-

cussed  in  another  paper.

A    test    line    of    thermal,    reslstlvlty,

seismic,    and    drill-hole    sltes    in   Nemaha

County   ls   sliown   ln   Figure  6.     The   buried

valley   axes   from   Figure  4   and  the  orien-

tation   and   extent   of   the   pattern   dellnc-

ated  from   the   enhanced  Landsat  imagery

are   also   shown.      On   the   Landsat   image,

the   northern   boundary   of   the   tonal   pat-

tern  ls  distinct,   while  the  southern  edge



Explanation

-1200-
Altitude   of   Bedrock   Surface   in   Feet

Contour   interval   50   feet

-Axis  of  Buried  Valley ] Test   Site   for   Present   Study
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Figure  4.    Buried   valleys   and  bedrock   topography  of  Nemaha  County,  Kansas.    (From
Ward,1974.)
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Nemaha   County   Test   Site

Explanation

Arrows   Indicate   Tonal   Pattern

FIgure  5.    Enhanced  band  7  Landsat  subscene  for  northeastern  Kansas.    (Image  ID
#246716171,   Path  29,   Row  33,   May  3,1976.)

is    less    well    defined    because    of    grada-

tlonal     changes    ln    tone.       The    1:125,000

scale   Landsat   print  extends  one   mile  Into

Marshall     County,    although    the    orlglnal

image     extended     several     miles     farther

west.      Drill-hole   sites   and   the   extension

of   the   Channel   into   Marshall   County   are

lndlcated  in  Flgure  6  and  discussed  at  the

end  of  this  section.

The     surface     topography     and     field

ill

data   from   the   Nemaha   County   test   line

are   proflled  ln  Figiire  7.    The  outer  llmits

of    the    valley    system    along    this    profile

arc  deflncd  at  least  by  bedrock  exposures

at    the    south    end   (site    M)    and    one    mile

(1.6   kin)   north    of   A.      The   seven   rotary

test    holes    were    driHed    for    the    present

study.

Test-hole   data   at   C   and  E   indicate   a

steeply  sloping  north  valley  wall.     Tl`ls
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Figure  6.    Test  sites  ln  parts  of  Nemaha  and  Marshall  counties.

correlates    well    wlth    the    north    edge    of

the  Landsat  pattern.    The  deepest  part  of

the   cha.nnel  occurs  between  E   and  F,  and

those   holes  contain  8  to  19  feet  (2-5.8   in)

of   basal    gravel   and   sand.      The   Landsat

pattern   extends   only   about  0.5   mlle  (0.8

kin)   south   of   F,   but   test   hole   G,   with  8

12

feet    (2     in)    of    basal     sand    and    gravel,

appears   to   be  on   the   gently  sloping  south

slde   of  the   valley.     This  Interpretation   is

contrary   to   Ward's   (1974)   bedrock   topa-

graplllc    map.      His    map   (Flg.   4)   shows   a

bedrock    high    ln   Sections   5    and   6,   T.5S,

R.llE   (between   F   and   G).     However,   no



field   data   could   be   found   to   support   the

1100-foot   (335-in)    contour   ln   this   area.

A   test   hole   at   a   site   mldway   between   F

and    G,     chosen    from     temperature    and

selsmf c      data      dlsciissed      below,      should

define   whether   the   main   channel  with  I.s

basal   gravel   ls  three   miles  (5   kin)  wide  or

is  Instead  two  narrower  channels.

The   maln-channel   axis  does  pass  near

E   as   mapped  by   Ward  (1974),  but  a   major

tributary   does   not   go   through   I.     A   test

liole    at    j    revealed   149    feet   (45    in)    of

sllty   and  fine   sandy  glaclofluvlal   materl-

al   overlain   by   52   feet   (16   in)   of   till,   but

the   bedrock    elevation   was   130   feet   (40

ITI)   above   the   1000-foot   (305   in)   contour

as   previously   napped.     It   appears   that  I

ls   on   the   gently   sloping   south   valley   wall

of  the   main   channel,   although   it  ls  possi-

ble     that     a    narrow     channel     could    pass

north  of  J .

For   the   Nemaha   County  profile  (FIg.

7),     Interpretations     of     resistlvlty     data

yielded   bedrock   depths  that   were   goner-

ally   witriin  25   percent  of  actual  test:-hole

values.     The   inconsistency   of   the   results

could   be   attributed   to   a   number   of  fac-

tors,    Including    the    great   probing   dep€hs

(usually    greater    than   300   feet   [90    m]);

the   thick   clays   between   sand   and   gravel

deposlts;  a  possible  basal  clay,  weathered

bedrock,   or   poor-quality   water   zone  just

above   bedrock;   or   a   small   overall   elec-

trical-resistivity     contrast     between     the

unconsolidated      deposits      and      bedrock.

Test-liole   drllllng   at  K   indicated   a  signif-

leant   error   ln   the   bedrock   depth   deter-

mined      from      reslstivlty     data     for     thls

polnt.     Comparison  of  the   drill   log  to  the

YES     curve     Indicated     which     slopes     and

Inflections    on    the    curve    correspond    to

various    geologic    units.      This   calibratlon

process    lias    increased    the    ¢ertalnty    of

proper   correlatlons   for   tlils   area   ln    the

future,

Bedrock    levels    calculated    from    two

unreversed      seismic-refraction      profiles

were    ln    error   by   0    percent   (F)    and   22

percent       (E)       compared       to       test-hole

results.       Errors    ln    other   seismlc    I.esults

could    be    attributed    to    the    vlolatlon    of

assumptions    discussed    previously    ln    the

nTechniquesn   section.      For   example,   the

presence   of   low-velocity   zones,   partlcLi-

larly    noticeable    on    the    selsmogram    for

H,   would   cause   calculated   bedrock  levels

to  be  too  deep.    The  unreversed  nature  of

the    profiles    ls    another    source    of   error

where   the   refracting  surface   !s  not  horl-

zontal.      The   shot   to   geophone   directlon

for  8   and  I   was  down  tl)e  expected  dip  of

the    vamey    wall,    so    the   calculated   bed-

rock    levels    are    agaln    too    deep.      Where

the   shot   was   probably   up-dip  (A   and   H),

tlie  bedrock  values   may  be  too  sliallow.

A  reversed  seismic-refrac.ion  proflle

was    recently    completed    along    the    test

line   (June   1981).      Preliminary   evaLluatlon

of    the    data    suggests    the    presence    of

several   small   channels   below   the  level  of

the    maln    wide   valley.      A   slight   bedrock

high  between  F  and  G   ls  Indicated

13
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Figure  7.    Data  profile  for  Nemaha  County  test  llne.    Letter  above  proflle  indlcates  test
s]te.    Temperature  measured  in  September  1980.

(K napp,  1981 ).

The    temperatures    measured    in    late

summer     1980     are     proflled     above     the

cross   section    in    Figure   7.       The    general

pattern    indlcates    a    broad    temperature

depression   over   tlie   main   buried   valley,  a

temperature  recovery  over   the  shallower

bedrock,     and     a    decllne    over    the     area

formerly  mapped  as  a  tributary  (J).    Data

south    of   J     (not    plotted)    are    iinreliable

because   they   were  obtained  after   a  local

14

thunderstorm.

The    average    temperature    over    the

northern   bedrock   high  (A   to  D)  ls  23.4°C

(74.1°F).      Over   the   geritly   sloping   soutli

wall    (south    of    G     to    I),    the    average    is

22.9°C   (73.2°F).     Tl.e   average   tempera-

ture    over    the    I)urled    valley   (E    to   G)   is

22.Sac   (72.lop).     The   temperature   aver-

ages     include      isolated     highs,      some     of

which    could    be    due    to    holes   that    vyere

several  inches  less  than  four  feet  deep  or
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Figure  7,  cont.    Geologic  sections  for  test-site  columns.

to   surflclal   deposlts   with   abundant   lime

concretions.    The  higher  thermal  conduc-

tivity   of   carbonates   as   opposed   to   clays

and       sands       may      be       responslble       for

elevated   temperatures.     Qualltatlve  cor-

rections      for     sucl)      mlcroenvlronmental

varlables        siJggcst        ttiat       temperature

anomalies   relatlve   to   the   buried   topog-

raphy    are    even    stronger    than    the    raw

data  sliown  ln  Figure  7  Indicate.

From   Nemaha   County,  the  tonal  pat-

tern    observed    on    the    Landsat    Imagery

continues   westward  into   Marshall  County

(Fig.    6).        The    orlglnal     Imagery    covers

several    more    mlles    in    Marshall    County

than   does   the   1:125,000   scaLle   prlnt,   and

lt  suggests  that  the  tonal  pattern  contin-

ues    both    westward    and    northwestward

15

from     Ncmaha     County.        Test-hole    and

water-well    drllLhole    data   are    available

at  the   sltes  shown.     A   contour   map   pre-

pared    from    the    bedrock-clevatlon    data

sLlggests      that      the      axis      of     the      maln

channel       in        Marsl`all        County       trends

norttwestward    from     aL    point    about   0.5

mile    (0.8     kin)    soutti     of     wl`ere    lt    was

mapped    by    Ward   (1974)   at   the   Nemaha

County   border.      Addltlonal   work   will   be

done  ln  this  area.

Jefferson  County

Jefferson    County   (FIg.   8)    is    south-

east   of   Nemaha   County   and   ls   bounded

on   .he   south   by   the   Kansas   River.     The

trlbutary   Delaware   Rlver  was  dammed  ln

1970  and  now  forms  Perry  Lake.    The
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Figure  8.    Jefferson  County,  I(ansas.

geology  of  Jefferson   County   was  napped

ln    the    late    1960's    (Wlnslow,1972),    and

most   of   the   western   part   of   the   county

was  sliown   as  Upper  Pennsylvanlan  shales

and    llmestone§    wlth    some    glaclal    drlft

covering  the   hilltops.

A      narrow      buried      valley      between

exposures   of   bedrock   less   than   0.5   mile

(0.8    kin)    apart    was    discovered    when    a

commercla.I   drlller   put   ln   wells   on   sever-

al   lo-acre    (40,470    m2)   parcels   of   land

that    had    boon    subdivided    in    connectlon

with    the     development    of    Perry    Lake.

Although   shallow   bedrock   and   low   ylelds

were   found   on   most   lots,   more   than   loo

feet    (30    in)    of    glaclofluvlal    sands    and
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gravels   were   found   on   one   lot.     A   rural-

water-dlstrlct      well       was      subsequently

drllled    close    to    the    private    well,    and    a

25-hour   pump   test   at   500   gpm   (31    I/sec)

produced   a   water-level   decl]ne   from   two

feet   to  40  feet  (0.6   in-12   in),   with  stabL

llzatlon   occurring   after   only   about   eight

hours.     Recent   work   by   the   Kansas  Gea-

loglcal     Survey     (KGS)     has     shown     that

these   wells   are   ln   a   buried   valley  that  ls

at     least    1.5     miles    (2.4     kin)     long     and

trends   northeast-southwest  (FIg.  9).     The

width  of  the  deep  channel  ln  one  location

where   known   ls   only   about   500   feet  (150

in).

Landsat    Imagery    has    been    analyzed

for   this   area,   but   no   tonal   pattern   that

could   be   associated   with   tl.e   buried   val-

Iey   was   Identified.      The   lack   of  success

in   differentlatlng  this  buried  valley  prob-

ably   relates   to   aL   channel   width   less  than

two  times  that  of  the  instantaneous  field

of   view   (79   in  [260  ft])  of  the   multlspec-

tral    scanner    and   to   tlic   landscape   spec-

tral    characteristics.       The    low    contrast

between   materials   surrounding   and   those

overlying      the      buried      valley      prevents

differentlatlon  of  this  alluvlal   aqulfer.

Tl.ermal,      reslstlvlty,      selsmic,      and

test-hole    studies    were    condiJcted    along

tlte    llnes    shown    ln    Figure   9.       The    data

obtained   along   llnes  labelled  A   through  D

are    proflled    together    wlth    the    surface

topography  ln  Figure  10.    The  rural  water

district   drilled   Its   well   (slte   4   on   profHe

8  in  Fig.10)  near  a  small  creek  and  test
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Figure  9.    Test  sites  in  part  of  I  efferson
County,  Kansas.

holes   at   sltes  5,   6,   8,   and  9.     Later  KGS

field    work    showed    considerably    greater

saturated   thjcknesses   of  sand   and   gravel

west   of  the   well  (e.g.,   sites   7,   3,   and  2).

Shallow   bedrock   occurs   in   .he   far  north-

west   corner   of  tlte   area  (site  1)   and   east

of   the    creek   at   sites   6,   8,    and   9.      The

narrow   burled   valley,   up   to  200   feet  (60

in)     deep,    occurs    between    the    bedrock

highs.

Reslstivity   data  Interpreted  for  sites

1,  4,   and  7   yielded   I)edrock   depths   within
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10   percent   of   those   determined   by   test

holes.      The   accuracy   of   these   results   in

Jefferson   County   as   opposed   to   those   lri

Nemaha    CoLinty    could    be    attrlbuted    to

the   relatively   clean   buried   sand   deposit,

small    thlcknesscs    of    lnterbedded    clays,

and   a   distinguishable   electrical   contrast

between   bedrock   and   the   overlylng   sand

deposit.    The   deptli   to   sand   and  the  layer

thicknesses    determined    from    the    resls-

tlvlty     data     also     correlated     well     with

values  determined  by  test-hole  drilling.

Temperature       measurements       were

made    at   approxlmately   100-foot   (30-in)

intervals    across    the    buried    valley    near

the      rural-water-district      well      ln      the

winter   of  1979-1980   and   the   summer   of

1980.      Tlie   surrimer   data   show   a   general

cooling   trend   from   the   west   toward   the

stream.     Eastward   of  the   stream,   where

the   bedrock   approaches  the   land  surface,

there  ls   a  consistent  and  expected  rise  in

temperatures.       Values    over    the    buried

valley   range   from   20°C   (68°F)   near   the

present    stream    to    nearly   24°C    (75°F),

although  the   hlglier  temperatures  toward

the   west   were   at   first   thought   to   reprel

sent   a   bedrock   lilgh.     Test   drilling  at  site

3,   however,  showed   a  deep  portion  of  the

valley   Instead    of   shallow    bedrock.      The

winter-time    data    indicate    a    consistent

cooling   trend   eastward   from   the   stream

toward   the   shallow   shale    and   sandstone.

The    temperature    over    the   buried   valley

ls    generally    warmer    during    winter,    but

there  ls  an  anomalously  cool  zone  that



Nw       A        sEsw`r\-
1234

DFT
\
\,_R

Explanation
-  Water  Level
--Approximate   Bedrock   Surface

NE

Bedrock   from  Resistivity(R)
or   Drill   Hole(D)    Data

4X  Vertical   Exaggeration
0                  0.1   milesL-`
0         0.1   kilometers

Flgure  10.    Data  profHes  A,  a,  C,  and  D  for  jefferson  County  test  IInes.    Number  above
profile  indicates  test  slte.    Uppermost  temperatures  measured  in  August  1980;  lower
temperatures   measured  in   March  1980.

123456

Explanation

EH  sandstone           EE  sand  and/or  Gravel

EE  Limestone           E]  Clay  with  silt,   Sand,   and/or  Gravel

Figure  10,  cont.    Geologic  sections  for  test-site  columns.
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coincides   at  least  ln   part   wltll   the   previ-

ously      mentioned     summer      warm      zone.

Possible    explanatlons    for   the    anomalies

include    a    sliglitly   depressed    water   level

and/or   the   presence   of   eroded   soil   (evL

dent  on   maps  by  Dlckey  and  others,1977)

ln  these  areas.

In    general,   mlcroenvironmental   fac-

tors  are  believed  to  be  relatively  unlform

ln   the   area   near   the   rural-water-district

well   (lines   A    through   D).      Much   greater

variability    ln    topograpliy,    cultural    fea-

tilres,   vegetation,   and   soil   types   occurs

along   data   lines  E,  F,  and  G.    As   could  be

expected,   then,   temperature   pro flles   for

lines    E    through    G    (Flg.11)    are    not    as

conclusive.       In    general,    however,    warm

temperatiires   were  found   over   the  buried

valley    in     winter    (1979-1980),     and    cool

temperatures   were  found   in  the  summers

of  1979  and  1980.

Reversed       selsmlc-refraction       data

suggested  the   presence  of  the  burled  vaL

ICY    in    lines    E    and    F,    and   thls    was   con+

firmed    by    drill    holes.       Reslstlvity   data

Indicated     that     the     valley     axis    occurs

approximately   0.3   mile   (0.5   kin)   east   of

the     west     end    of    profile    G,    and    pre-

IiiTiinary   augerlng   (not   to   bedrock   ln   the

channel)      supports      this      Interpretation.

Tlie     bliirled     channel      ls     now     I(mown     to

extend      southwest-northeast      for      more

than  1.5   miles  (2.4  kin).

CONCLUSIONS

The    comblnatlon    of   remote   sensing,

geophysical   technlques,   and   test   drnllng

has    proven    useful    for    delineating    some

buried     valleys     ln    northeastern    Kansas.

Analysis  of  tonal   patterns  on  sprlng-time

Landsat     Imagery    provides     a    quick    and

Inexpensive   first  step   for  selecting  field-

study   sites.      Buried   channels   associated

witli    tlie    patterns   tend   to   be   relatively

large,     and     the     land     surface     over     tlle

buried   valley   must  have   distinctive  spec-

tral     characteristics     for     it    to    be    dif-

ferentiated  from   tlie  surroundings.

Shallow-earth    temperature    profHlng

is   a   good   reconnaissance   tool   for  select-

ing    sites    for    more    Intensive   and   expen-

sive   field   irivestlgations.     Cool   and   warm

temperature         anomalies        occur        over

buried-valley     aqujfers     ln     summer     and

winter,   respectively.     To   avoid  data   tliat

coiild    mask    the    effect    of    an    anomaly,

measurements      should      be      made      wltli

minlmal         mlcrocllmatic         and        micral

environmental   variations,  or  quantltatlve

factors     should     be     developed     to     com-

pensate  for  the  varlables.

Resistlvlty      and      reversed      selsmlc-

refraction  surveys  generally  give  bedrock

deptlls   within   25   percent   of  those   deter-

mined     by     more     expensive     and     tlme-

consuming    test-hole    drlllli`g.       Errors   Ill

depths    calculated    from     the    reslstlvlty

and     selsmlc     data.     may     occur     ln     areas

where  clays  are  lnterbedded  wlth  sands
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profHe  for  test-site  reference  only.    Uppermost  €emperatures  measured  ln  August
1980;   lower  temperatures   measured  in   March  1980.

or    where    there    ls    lnsufflcient    contrast

between      unconsolidated      deposi.s      and

bedrock   (e.g.,   clayey   tlll   over   weatliered

sliale).       Logs    from    drill    holes   should   be

used   to   check   and   callbrate   geophyslcal

interpretatlons,  because  they  provide  the

flnal,   most   detalled   description   of  aquL

for  location  and  charac¢er.
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The   remote-sensing   and   geophysical

technlques   help   ln   the   selection   of  optL

mal       drlll      sltes      over      buried      valleys.

Obtaining    data    by    drilling    ls    expenslve

and    requires    much    tlme.       Although    one

300-foot-    (90     in)     deep     tiole     could    be

drllled   and  logged  by  tliree  people   ln   one

day,  a  selsmlc  proflle  for  €he  same  site
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would   take   five   or   six   people   one   hour.

A   slmHar   reslstlvity   analysis   would   take

three  people  about  two  hours.    Depending

on    the    spacing    of   measurements,   tem-

perature   proflles   for   several   miles   could

be  done   by  two   people   ln  one   day.     Using

Landsat     Imagery,     hundreds     of     square

mlles   could   be   analyzed   by   one   person   ln

One  day.

All    of   the    methods    described    were

applied  to  the  two  test  sites.    Tl`ey

E=

(15)

Limestone

helped   to   define   the   width   and   shape   of

the   major  buried  valley  in  Nemaha  Coun-

ty,   and   they   helped   dol[neate   the   extent

and   oriontatlon   of  the   narrow   cliannel  ln

Jefferson   County.      The   remote+senslng,

temperature-proflllng,      reslstlvlty,      and

reversed     selsmlc-refraction      techniques

are    now    belng   used   ln   various   combina-

tions  together   wltli  test  drllllng  to  locate

and    evaluate    buried    valley    aqulfers    ln

other  parts  of  northeastern  I(ansas.
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