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PREFACE

Since  the  discovery  of  igneous  rocks  in  Woodson  and  Wilson
counties   in   the   latter   part  of  the   19th   century,   several   scientific
communications  have  been  published  on  the  subject.    Because  of  the
limited   number  of  exposures   some   of  the   earlier   interpretations
were   hampered   by  lack  -of  information,   especially  that  obtained   by
drilling.      In   the  following   paper  the   history  of  discovery  and
subsequent  early  studies  will   be   reviewed,   followed   by  the   results
and   interpretations   arrived   at   in   more   recent  unpublished   studies
and  work  in  progress.

Starting   with   a  publication   by   Holly  C.  Wagner  (1954)   entitled
"Geology of the Fredonia Quadrangle"  (U.S.G.S„  Map GQ 49),  a number

of  excellent  papers  were  published  dealing  with  the     petrological,
petrographical,   geochemical,   geochronological   and  geophysical
aspects  of  the  occurrences.

Rather  than  trying  to  rewrite  and  condense  this  material,  some  of
these  papers  have  been  reproduced  and  are  included  as  part  of  this
guidebook.

Acknowledgments:    We  thank  Mr.  Gerald  Winterscheidt,   Executive
Vice-President,   Micro-Lite,   lnc.   of   Chanute,   for   his   permission   to
visit  the   mine  site  at  Silver  City   Dome.

We  would  also  like  to  thank  the  authors  and  the  publishing
companies  for  giving  us  permission  to  reproduce  the  papers  that  are
included  in  the  guidebook.



THE LAMPROITES OF WOODSON AND
WILSON COUNTIES, SE KANSAS

Pieter Berendsen and Kevin P. BIair
Kansas Geological Survey

Introduction

Lamproites  occur  at  two   localities   in   southeast  Kansas,   about
100  miles  (170  kin)  south  of  Lawrence  and  7  miles  (10  kin)  south  of
the  town  of  Yates  Center  in  Woodson  County.    Silver  City  Dome  is
situated  at  the  boundary  between  Woodson  County  to  the  north  and
Wilson  County  to  the  south  in  Townships  26  and  27S,  Ranges  14  and
15  E.     On  the  surface  it  appears  as  a  northeast-elongated,  elliptical
depression,  about  2.5  miles  by  1.5  miles  in  diameter.    F}ose  Dome,
located  6  miles  (9  kin)  to  the  northeast  in  Wilson  County,  in
Township  26S  and  Panges  15  and  16E  is  similar  in  size  and
morphology.      Narrow,   northeast-trending   linear   ridges,   characterize
the  area  between  the  two  domes.    The  general  altitude  of  higher
parts  of  the  area  is  about  1000  feet  above  sea  level.

Igneous  rocks  were  first  recognized  in  the  area  in  the  latter  part
of  the  19th  century,  even  though  the  extent  and  true  nature  of  the
rock  was  not  well  understood  for  quite  some  time.    The  history  of
discovery  and  subsequent  studies  will   be  briefly  reviewed.

At  the  surface  the  lamproite  occurs  in  Upper  Pennsylvanian
sediments  of the  Lansing  and  Douglas  Groups  (Figure  1).    The
sediments  consist  of  alternating   beds  of  limestone  and   shale  with
minor  sandstone.     As  a  result  of  doming  older  sedimentary  units  are
exposed  in  the  center  of  the  structure.     About  1300  feet  of
Pennsylvanian   limestones,   shales  and  sandstones  overlie  the
Mississippian   carbonates.      Oil   production   is   from   distributary
channel  sands  that  occur  above  the  Mississippian  carbonates.    The

granitic  basement  in  the  general  vicinity  of  the  domes  is  at
approximately  2500  feet.
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History

Attention  to  the  Silver  City  Dome  area  was  drawn  in  the  late
1870's  by  reports  that  gold  and  silver  was  being   mined  in  sections
29  and  32,  Township  26S,  Range  15E.    For  a  short time  a  mining
camp,   named  Silver  City,  existed  at  the  site  and  several  prospect
pits,  some  as  deep  as  100  feet,  were  dug  into  the  hillside.     In  a
report  to  the  Kansas  Academy  of  Science,  Professor  B.F.  Mudge
(1881)  gave  an  early  account  of  the  metamorphic  deposit  in  Woodson
County.    He  recognized  the  lamproite,  but  thought  it  to  be  a
sedimentary  rock  that  was  moderately  metamorphosed  due  to  the
action   of  warm   mineral  salacious  water,   probably  under  pressure.
He  described  that  the  clay  shales  (Iamproites?)  assumed  a  more
granular  appearance  and     were  interspersed  with  small  flakes  of
mica  (phlogopite?).     In  several  places  over  thirty  feet  of  the
material  was  present.     The  sandstone  in  close  proximity  to  the  clay
shale  was  altered  to  a  quartzite.

Mudge  sampled  some  of  the  material  and  had  it  analyzed  for  its
precious  metal  content.     No  silver  or  any  other  metal  was  found
making   him  believe  that  the  samples,  that  presumably  contained
silver,  might  have  been  salted,  or  that  the  whole  story  was  a
fabrication.     Professor  Mudge  was  accompanied  in  his  visit  to  the
area  in  1879  by  Professor  F}obert  Hay  who  published  a  subsequent
paper  on  the  igneous  rocks  of  Kansas  (Hay,1883).    Among  other
observations  made  elsewhere  in  Kansas,  he  discussed  the  rocks  at
Silver  City.     Hay  recognized  both  metamorphic  and  igneous  rocks.     In
some  of  the  earlier  exploration  trenches  a  dark-blue  rock  was
exposed,  which  he  believed  to  be  of  igneous  origin  and  to  have  been
pushed  up  from  below  in  cracks  and  fissures.    He  also  recognized  the
weathered   lamproite  which   he   referred  to   as   micaceous  dirt,
perhaps  being  altered  shale.

Twenhofel   (1917)  described  the  elliptical  shape  of  the  dome  and
referred   to   it   as   the   Silver   City   anticline.      Drillers   looking   for   oil   in
the   anticline  complained  that  they  encountered   rocks  which  did   not
look  familiar  to  them  but  they  did  not  think  they  were   igneous  in
character.     In   his  paper,   Twenhofel   (1917)  describes  the
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metamorphic  effects  on  the  surrounding  sediments.     He  believed  that
hydrothermal  processes  were  the  cause  of  the  alteration  of  the
sediments  especially  the  development  of  hornblende,  chlorite  and
epidote.     Twenhofel   (1917)  considered,   but  rejected,  a  possible
connection  between  the  granite  boulders  occurring  at  the  surface
near  Rose,  about  6  miles  to  the  northeast  and  igneous  activity  in  the
area.     The  idea  that  the  granite  was  evidence  of  intrusive-extrusive
activity  was  dismissed   because  three  wells  drilled   near   Rose
encountered  no  altered  strata  or  igneous  rock.

The  igneous  nature  of  the  dark-blue  rock  was-  confirmed  by
Weidman   (1933)   who   briefly  described  the   mineralogy  of   material
recovered   from   near  an   old  silver  exploration   pit.    Shaffner   (1938),
in  a  short  publication,  suggested  that  both  Silver  City  Dome  and
Rose  Dome  were  affected  by  the  same  or  certainly  similar  magmatic
and  hydrothermal  processes.

Granite  was  discovered  in  1915  at  Rose  Dome  near  the  town  of
Rose  by  Twenhofel  (1926).    The  granite,  which  is  coarse-grained  and
occurs  as  rounded  boulders  up  to  several  feet  in  diameter  lies
scattered  over  the  area.     Initially,  the  theory  was  favored  that
glaciaition  transported  the  rock  to  he  site  or  that  they  came  from  an
outcrop  in  the  neighborhood.     During  drilling  for  oil   in   1923,   and   in
the  course  of  road  construction,  more  and  more  granite  and
metamorphic  minerals  were  encountered.     From  these  observations
Twenhofel  (1926)  concluded  that  the  granite  had  to  be  intrusive.     He
also  drew  a  parallel  between   hydrothermal  processes  at  Silver  City
Dome  and  Rose  Dome.    Small  granite  xenoliths,  up  to  a  few
centimeters  in  diameter,  were  also  found  by  Berendsen  in  a  core  of
lamproite  taken  in   1984  from  a  depth  of  920  feet  at  the
northwestern  end  of  the  Silver  City  Dome.

In  the  publication  on  the  geology  of  the  Fredonia  Quadrangle,
Wagner   (1954)   described  the   Silver  City   lamproite  in   considerable
detail.     By  that  time   more  drill   hole   information   had   become
available  and  he  was  able  to  correctly  interpret  the  lamproite  as
occurring   in   sills  within   the   Pennsylvanian   strata   (Figure   2).     He
believed  that  the   lamproite   penetrated  along  a  NW-SE-trending   fault
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Figure  2

The  geology   in  the  northeastern  part  of  the  Silver  City  dome
as   interpreted   by   Wagner    (1954)    is   shown.       The   cross-sections
depict   the   intrusion   of   lamproite   along   the   NW-trending   fault
(located   immediately  north  of   the  Micro-Lite  mine  pit),   and  the
injection    of    the    rock    as     sills     within    the    Pennsylvanian
sediments.       Few   drill   holes   penetrated   the   lamproite   at   that
time.     Wagner  n6ted  that  the  occurrence  of  it  at  several  horizons
and   the   wide   variation   in   thickness   made   correlations   between
individual  sills  extremely  difficult.



at  the  northern  perimeter  of  the  dome  and  spread  laterally  in  a
southerly   direction   in   between   the   sediments.

It  was  soon   realized  that  similar  igneous  rock  occurred  at  Prose
Dome  and  that  the  granite  blocks  were  brought  up  as  rafts  within
the   mafic   rock,   which   was   referred  to   as   mica-peridotite   at  the
time.

Since  the  publication  of  Wagner  (1954)  and  a  paper  by  Snyder  and
Gerdemann   (1965),   in  which  they  drew  attention  to  the  occurrence
of   Similar   igneous   activity   along   a   400-mile  Teastward-trending
zone  starting  at  Silver  City  and  Prose  Domes,  a  number  of  excellent
studies  dealing  with  the  various  geological  aspects  of  these
occurrences  have  been  published.    Several  of  these  have  been
reproduced  and  are  included  as  part  of  this  guidebook.    These  papers
contain   additional   references   of   interest.

The  petrographic  character  of  the  granite  xenoliths  at  Plose  Dome
was  described  by  Franks  and  others  (1971),  and  the  results  of  a
study  of  the  growth  of  mg-rich   hollow  sanidine   in  the  granite  by  the
interaction  with  the  lamproite  magma  was  discussed  by  Smith  and
Franks  (1986)  (both  papers  included  in  this  guidebook).

Rb-Sr  whole  rock  isotopic  analysis  by  Bickford  and  others   (1971)
(included  in  guidebook)  showed  the  granite  to  be  1190  ±100  in.y.    In
a  more  recent  paper  addressing  the  geochronology  and  distribution
of  Precambrian  basement  rocks  in  Kansas  and  Missouri,  Bickford  and
others  (1981)  calculated  a  more  reliable  age  of  1400  ±21   in.y.  by
analyzing   zircons  from  the  granite.     This  age  falls  within  the  range
of  ages  for  basement  rocks  in  southern  Kansas.    K-Ar  ages  on  three
samples  of  phlogopite  from  the  lamproite  yielded  an  age  of  88-91
±5  in.y.  (Zartman  and  others,1967).    A  Rb-Sr  age  of  K-feldspar  from
granite  from  Pose  Dome  was  reported  by  Muehlberger  and  others
(1966)  as  1220  ±70  in.y.

The  chemistry,   petrography,   and   field   relations  of  the   Hills   Pond
peridotite   (Silver   City   Dome)   was  described   by   Merrill   and   others
(1977).     Using  core  material,  the  geochemistry  and  petrogenesis  of
the  Prose  Dome  and  Silver  City  Dome  was  discussed  by  Cullers  and
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others  (1985)   (included  in  guidebook),  who  then   refer  to  the  rock  as
a   lamproite   after  terminology   used   by   Mitchell   (1985).
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ROAD   LOG

Cummulative           Stop
Miles             Distance

Activity

0.0 0.0 Assemble  at  Lawrence,   Holidome  at
7:30  am.     Turn  left   (south)   on
Turnpike  Access  Road.     Head  south  on
US  Highway  59.

Junction  with  US  Highway  56

Overpass   (Santa  Fe  Railway) .   Entering
ottawa,  Kansas.

Entering  Princeton,  Kansas

Quarries  in  the  South  Bend  and  Stoner
Limestone  Members  of  the  Stanton
Limestone   (I.ansing  Group) .

Entering  Richmond,  Kansas

Crossing  Pottawatomie  Creek

Abandoned  quarry  of  the  Garnet  Rock
Company.     Plattsburg  Limestone  of  the
Lansing  Group.

Entering  Garnet,  Kansas

Junction  with  US  Highway  169

Junction  with  US  Highway  59.     Field
trip  continues  south  on  US  169.

Entering  Welda,  Kansas

Entering  Colony,  Kansas

Tertiary  river  gravels  exposed  on
hilltop  left  (south)   of  road.
Junction  with  Kansas  Highway  57

Birthplace  of  General  Frederick
Funston.

Entering  Iola,  Kansas

Turn  right   (west)   on  US  Highway  54



103 . 0

105.2

log.8

106.3

106.8

107.8

108 . 7

109 . 9

110 . 5

111.4

112 . 4

113 . 5

115 . 6

0.6

0.5

0.5

1.0

1.1

2.1

Crossing  Neosho  River

Entering  Piqua,  Kansas   (pronounced
Pick-way)

Overpass  on  Union  Pacific  Railroad

Entering  Yate8  Center,  Kansas.     Turn
left   (south)   on  US  Highway  75.

View  north  rim  of  Rose  Done.

STOP  1...Rose  road.     Turn  off  US  75
to  the  left  (east).    Proceed  a  few
hundred  feet  on  county  road.    Vista
of  the  north  rim  of  Rose  Dome.

Continue  on  county  road  to
intersection,  turn back right
(south).     Cross  Wmoat..,   and  rise
gently  to  center  of  dome.
STOP  2. . .Rose  Done  granite  outcrops.
Cross  US   75...BE  CAREFUI.!l     Granite
is  hidden  in  small  clumps  of  trees.
Near  highest  point  of  the  central
uplift  of  Rose  Dome.

Return  to  US  75,  turn  right  (west) .
View  to  southwest  is  of  connecting
valley  between  the  Rose  and  Silver
City  Domes.

Turn  left  (south)

Passing  middle  linear  ridge
STOP  3. . .Brief  stop 'as  we  descend
into  the  connecting  valley  between
the  two  domes.

Turn  right  (west)

Turn  left  (s6uth).    View  east  rim  to
the  right.
Turn  right   (wesc).     Begin  climbing
east  rim  of  the  Silver  City  Dome.

STOP  4...Silver  City  Vista.     Climb
hillside  above  Ecco  Ranch  extension
of  the  Silver  City  oil  field.
Continue  on  county  road  along  Wilson-



115.9

qu 6 . 6

116.9

118 . 3

119 . 6

120.1

120.9

121.7

123 . 2

123.9

124 . 3

124.9

125.5

126.2

127.3

130.9

132 . 3

133 . 5

0.8

0.4

0.6

0.6

0.7

Woodson  County  line.     Turn  left
(south)   at  Little  Sandy  Cemetery.
STOP  5. . .LUNCH  at  abandoned  quarry.

Turn  left  (east)
STOP  6. . .Silver  City  view  of  dome
from  south.

Turn  left  (north)
Descend  into  dome.   Pass  Ecco  Ranch
headquarters.  Turn  left  (west) ,
continue  along -.county  line  road.

Turn  right  (north)
STOP  7. . .Silver  City  liamproite
exposed  at  the  Micro-Lite  mine  site.

Return  south  along  mine  access  road.
Turn  right  (west) .

Turn  right  (north)
Climb  north  rim,  pass  northwest  oil
wells,
Turn  left  (west)

Turn  right  (north)
Turn  right  (east)
Outcrops  of  massive  sandstone  north
of  road.

Turn  left  (north) .  Pass  Silver  City
oil  field.
Turn  left  (north)
Turn  right   (east).     Return  to  US  75.

US  Highway  75.     Turn  left   (north).
Return  to  Yates  Center,  Kansas.

END  OF   ROAD   roG
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STRUCTURES ASSOCIATED WITH THE ROSE AND SILVEP CITY
DOMES, WILSON AND WOODSON COUNTIES, KANSAS

Kevin P. Blair and Pieter Berendsen
Kansas Geological Survey

Introduction

lt   is   difficult,   if   not   impossible,   to   determine   the   overall   structure   of
the  Pose  and  Silver  City  Domes  directly  from  outcrop  data.     Small   mounds
of  granite  boulders  comprise  the  only  outcrops  at  Rose.  Dome.    Although  the
outcrops  at  Silver  City  are     laterally  extensive,   only   recently  has  an  active
mining   program  exposed  the  lamproite  body  for  direct  study.

The   general   structure   of  the   region   may   be   deduced   by     combining
information     from     direct    observation     (oil     drilling,     mining)     with    data
obtained    by    indirect    means    (gravity    and    magnetics,    seismic,    terrain
analysis).      The   results   of   the   seismic   studies   are   reported   elsewhere   in
this   guidebook.      This   section   will   deal   with   data   obtained   by   recent   oil
drilling,   mining,   and   interpretation   aerial   photography.

Recent Oil Drilling

Oil   exploration   in   the   area  dates  from  the   early   1920's.     The   Shiltz  #1
Lauber,  SE  NW  SW  NE,  section  23,  T  26S,  R  14E  (2-2-26),was  the  discovery
well   of  the   Big   Sandy  oil   field,   located   northwest  of  the   Silver  City   Dome.
Development   of   the   Silver   City   oil   field   occurred   following   the   successful
completion  of  the  Bisagno  Campbell  #1,  SE  SE  SE,  section  19,  T  26S,  Pl  15E
on   December  13,   1946.   Both  of  these  oil  fields  produce  from   Pennsylvanian
distributary  channel   sands   known   locally   as   the   "Bartlesville".

Production   within   these   oil   fields   follows   NW   (Silver   City)   and   NE   (Big
Sandy)   linear  trends.     These  trends  are   parallel  to  the  dominant  structural
orientations   in   Kansas   (Berendsen   and   Blair,   1986).      Although   these  fields
are   stratigraphic   traps,   the   location   of   the   Pennsylvanian   channels   may
have   been   influenced   by   pro-existing   structures.

The   Silver   City   oil   field   formerly   terminated   near   the   northeast   rim   of
the   dome.       However,    recent   drilling    in   the   early    1980's   extended   the
"Bartlesville"   production   southeastward   along   the   east  flank  of  the   dome.

Geophysical   logs   were   obtained   for   most   of   the   wells,   but   individual
lamproite   sills   can   not   be   identified.       If   a   full   suite   of   geophysical   logs
were    evaluated,    the    sills    may    indeed    be    interpretable.    Driller's    logs
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obtained   from   these   wells   indicate   that   lamproite   sills   do   occur  along   the
eastern   flank   of  the  dome.        A  condensed   version   of   the  geologist's   log
from  the  Ecoo  Ranch  well  (SE  SE  SW,  section  33,  T  26S,  Pl  15E;  stop  4)  is
reproduced   in  figure   1.     This  well   produces  from   the   "Bartlesville"  sand  at
1176   feet   (-193    MSL).    The   well   encountered   at   least   6   Iamproite   sills
from   374  feet  to   755  feet,   which   range   in   thickness  from   10  to     30  feet.
Pecently   completed   seismic   work   shows   the   internal    structure   of   the
dome  to   be  complex,  and  correlation  with   any  of  the  sills  traced  from  the
outcrop   area   into   the   subsurface   is   difficult.

Exploration   efforts   have   also   been   concentrated   along   the   northwest   rim
of  the  dome.   Production  here  may  be  associated  with  a  northeast)  trending
channel  parallel  to  the   Big   Sandy  field.     In  one  instance,   oil   is  produced  at
or    near   the   contact   between    a    lamproite    sill    and   the    Pennsylvanian
sandstones.

Drilling   has   revealed   that   lamproite   sills   occur  to   a  depth   of   at   least
1300   feet   around   the   perimeter  of  the   Silver   City   Dome.   Seismic   studies
indicate  that  an   intrusive   body  of   lamproite   may  exist  within   the   center  of
the   dome,   as   well   (Markezich,   Knapp,   and   Wojcik,   this   guidebook).      All
available   evidence   from   drilling   indicates   that  the   lamproites   are   confined
to  the  interior  of  the  Silver  City  Dome.   Dikes  and  sills  have  penetrated  the
sediments  in  a  number  of  places  within  the  dome.

Terrain and Lineament Analysis

The  Ftose  and   Silver  City  Domes  a+e  ellipsoidal  depressions  surrounded
by   low,   hummocky   hills.   These   hills   are   bounded   on   the   southeast   by
Buffalo   Creek,   and  to  the  southwest  by  the  Verdigris   Fiver  floodplain.   The
hummocky  terrain   extends   approximately   10   miles   north   of  the  confluence
of  these  two   streams.   This   landscape   is  quite  different  from   the   plains  to
the   east,   north,   and   south   of  the   domes,   and   is`readily  apparent  to   the
traveller   approaching    the    area    on    US    Highway    75.    Higher    hills    and
woodlands   adjoin   the   domes  to   the  west.   This   hummocky  terrain   may   be
the    result   of    a    broad,    regional    doming    of   the    area    surrounding    the
intrusions.

Both   domal   depressions   display   almost   crater-like   morphologies   with
each   central   area  surrounded  by   a  "moat"   having   almost  complete   internal
drainage.    We    believe    the    location    of    these    "moats"    are    structurally
controlled    by    the     ring    fractures    circling    the    central     uplifts.     In    the
southeastern    part   of   the   Silver   City   Dome   a   discreet   circular   feature,
approximately   0.5   mile   in   diameter,   is   apparent  on   topographic   maps   and
on   aerial  photography.  One  may  speculate,  whether  this  feature   represents
a   distinct   and   separate   pulse   of   lamproite   intrusive   activity.   Both   domes
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are  breached   by  major  streams.   The  Silver  City   Dome   is  breached   on  the
southwest   flank    by    Little    Sandy    Creek.    The    location    of   the    creek   is
probably  controlled  structurally.     Rose
flank  by  an  unnamed  tributary  of  West

Dome  is  breached  on  the  southwest
Buffalo  Creek.

Many   lineaments   are   discernable   from   infrared   and   black   and   white
aerial  photography.  Some  of  the  more  prominent  linear  trends  are  shown   in
figure    2.    These    lineaments    may    either    be    joints,    or    the    surface
manifestations    of   faults    associated    with    the    domes.    Except    for   the
faulting  recognized  by  Wagner  (1954),  no  other  faults  have  been   mapped.

Padial   lineaments   are   prominent  around   the   perimeters   of  the   central
uplifts  at  Pose  Dome.     No  such  pattern  is  seen  within  the  Silver  City  Dome.

From   a  cursory  examination  of  the  aerial   pr!ptography,   it  is  tempting   to
suggest  that  the  two   domes  are  structurally  interconnected.     A  connecting
valley  continues  southwest  from  F}ose  Dome,  and  is  flanked  on  the  north  by
three  separate,   linear  ridges.     The  southern   boundary  of  this  valley  is  less
discrete.   The   linear   ridges   may   be   fault-bounded   horsts.      The   valley   is
probably  also  fault-bounded  on  the  southern  side.
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GRAVITY     AND     MAGNETIC     OBSERVATIONS
AT     SII.VER    CITY    AND    ROSE    DOMES

Ralph  W.  Knapp  and  Dana  Adkins-Heljeson
Kansas  Geological  Survey

Extensive   gravity   and   aeromagnetic   data   have   been   gathered
over  all  of  Kansas.     In  Woodson  and  Wilson  counties  the  gravity  data
are   sampled   at  each  road   intersection   that  has   elevation   control,
ostensibly   at  one-mile  centers.     The   aeromagnetic  data  has   been   flown
on  east-west  flight  lines  spaced  at  one-half  mile.     Sampling  within  the
flightlines  is'  twelve  to  fourteen  points  per  mile.     Flight  elevation  is
1500  feet,   and   ground  elevation  is   about   1000  feet,  average.

Maps  of  the  data  were  perused  to  see  the  effects  of  the  domes.
Various   filters   were   applied   to  attempt  to  isolate   the   sedimentary
section.  the  upper  crust,  and  the  lower  crust.     These  attempts  failed.
There  is  no  obvious  affect  of  the  crustal  section  that  conelates  with
the  domes.     That  is,  the  crust  and  upper  mantle  beneath  the  domes  are
not  unusual   material  compared  to   the  rest  of  the  crust  and  mantle.

It  is  not  until  the  data  are  examined  on  a  broader  scope  that
features  become  apparent.     Looking  at  the  gravity  data  of  the
southeastern  comer  of  Kansas,  high  passed  filtered  at  a  five  mile
wavelength   to   emphasize   the  upper  crust,   a  ring  feature  centered  on
Neosho  County  becomes  apparent  Q]igure  I).     Silver  City  and  Rose
domes   are  in   the  northwestern  edge  of  this  feature  and,   thus,   appear
to  be  small  components  of  a  larger  system..   Note  that  the  northwest-
southeast  grain,   evident  in  Crawford   County,   truncates   at  this   feature.
The  Falls  River  lineament  forms  the  western  edge  of  the  feature,  and
the  trend  from  Silver  City  to  Rose  forms  the  northwestern  edge.

Magnetic  data  (Figure  2)  show  the  same  feature,  although  not  to
the   same  detail.     On   the  magnetic   map  it  is   the  southwest-northeast
grain   that   most   evidently   truncates   at   the   feature.

There  is  little  known  of  the  feature,  and,  therefore,  little  to  say
beyond   speculation.     Its  boundaries   are  related   to  the  location   of  the
Silver   City   and   Rose  domes   and,   to   some  extent,   known   lineaments,
suggesting   that   these   boundaries   are   regions   of   crustal   weakness.
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Figure  1     Gravity  map  of  southeastern  Kansas.    Residual  of  the  average  from  5  mile  by  5  mile  area.
The  map  focuses  on  features  of  the  upper  crust.     Silver  City  (southwestern  most  circle)  and  Rose
(northwestern  most  circle)  domes  are  positioned  in  the  northwest  comer  of  the  map.
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Figure  2    Aeromagnetic  map  of  southeastern  Kansas.     Residual  of  the  average  from  6  mile  by  6  mile
area.    The  map  focuses     on  features  of  the  upper  crust.     Silver  City  (southwestern  most  circle)  and
Rose   /northwestern   mrtst   circle\   dome,s   are   T)osjtioned   in   the   northwest   come,T   of  the,   man



TIE USE OF sElsrmc REFLECTloN DATA
IN LoCATING IAhnROITB sml;s AT SDVER CrrT DohD

Mary  Anne  Markezich,  Ralph  W.  Knapp  and  Krzysztof  M.  Wojcik
Kansas  Geological  Survey

GEoroGICAL mcKGRouNI)

Silver City Dome, located ln southeastern Kansas. is believed to
have formed by the lntruslon of the IIllls Pond Lanprolte into
Pennsylvanian sedimentaly rocks.   Lanproltes _are mafro to ultranafic
alkaline igneous rocks wlilch have higiver K/Na and K/Al ratios than
other igneous rock types. Petrographlcally, they are very diverse. but
they can be characterized by the major and accessory mineral content.
alteration products, mineral chemistry. and mineral paragenesls.
Lanproites have been noted in 20 localltles on 6 continents mgure  I).
nor to the late  1970's. klmberntes were the only igneous rocks to be
associated with diamonds.   Since that time. some lamproltes have been
found to contain diamonds.  A klmberlite in Arkansas has been
reclassffied as a lamprolte, and other diamond-bearing lamproltes have
been found ln western Australia.  These discoveries have Increased the
importance of lamproltes in terms of economics and petrogenesis
(Bergman.  1984).

The IIllls Pond Lamprolte is believed to have been emplaced non-
violently as a prlmarlly llquld lntruslon.   One piece of evidence for this
type of intmsion ls its presence .as thin slus:  1 CrystalllzatLon of the
magma formed a poxphyrltlc mica perldotlte with a groundmass
consisting of phlogoplte and serpentine.   Phenocrysts include
serpentinized olivine.  augite, richterite,  and phlogoplte.   Accessory
minerals include apatite. perovskite. and chrome splnel.   The age of the
body was dated by K~Ar dating to be 90 my old which ls I.ate Cretaceous
(Merrlll,  et  al..   1977).

Rose Dome ls a stmcture which ls located about 9 kin to the
northeast of Silver City Dome and was also formed about 90 my ago by
the intrusion of lamprolte magma into Pennsyivanlan rocks.  The
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uprlslng magma contained xenollths of Precambrian granite which were
dated to have been formed  1400 million years ago 03ickford.  et al..
1981).   Some partial melting of the granite occurred.   The intrusions at
Rose and Silver City Domes appear to be genetically related.
Petrographlc evidence Indicates a llquld emplacement of the magma in
both cases.   In addition. both intrusions have the same mineral content
QiTanks.  et al..  1971).

Snyder and Gerdemann (1965) believe that Rose and Silver City
Domes are the westward extension of a 400-mile-long-east-west
lineament called the 38th parallel uneament of Heyl QiTgure 2).   The
llneanent consists of a large number of alkallc bodies which penetrate
the stable platform as stocks. plugs. sills, dikes, and dlatremes.  They
range ln composltlon from nephellne syenlte to alkallc perldotlte and
range in age from hate Ordoviclan to I.ate Cretaceous. These structural
features  extend across rmssourl into nllnols and are shown here on the
map Ongure 2).  The Decaturvllle Disturbance has since been named an
impact structure.   It ls circular in shape with an intensely brecclated
core and a central zone consisting of many shatter cones.

Silver City Dome ls elllptlcal ln shape and covers an area of
apprordmately 21 square kilometers.   mgure 3 shows a generalized
version of Holly Wagner's `geologic map of the northeastern comer of
Silver City Dome .  The Pennsylvanian age Stanton Formation, Weston
Shale, and Stranger Formation outcrop in this area.. .I.amproite is also
exposed.   The fault at the north edge of the lamprolte is described by
Wagner as being steeply dipping to the north.  Magma ls thougivt to have
risen along this fault with the perldotlte sills injected to the south Into
the Pennsylvanian sequence (Wagner.  1954).   'This ls shown by the
cross-section (FTgure 4).   A 9-meter-thick sill at approximately 230
meters depth has been reported from a drill hole which is located along
the line of the cross-section (FTanks,  1959).

A 300-meter-wide contact metamorphlc aureole ls noted around
the outcrop of the lamprolte on the north flank of the dome as shown by
the lined pattern on the map (FTgure 3).   The Tonganox]e Sandstone
Member of the Stranger Formation and the Ireland Sandstone Member
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of the Lawrence Formation are metamorphosed into quartzltes Grranks,
1966).

GEomlrslcAL DATA

In  1985,  selsmlc reflection data were collected at the dome in
the areas shown by Flgure 5.  The numbers are the common mldpolnts
(CMPs).   The purpose of that study was to use reflection seismology to
determine the stmcture of the dome and to attempt to detect the sills.
MinlsosIE earth compactors were used as the source, and the final
section ls shown ln Flgure 6.   There ls lntelpreted to be two scales of
domlng.   The first ls a broad gentle dome over the whole structure.   The
second ls a smaller-scale dome which ls superimposed on the broad
dome.   Associated with the small-scale dome ls a depression.   The
northern and southern edges of the dome are bounded by grabens.
Intmslon of a deep-seated magma body caused the gentle domlng and
subsequent faultlng of the marginal grabens.  I+ater. magma was removed
from beneath the area showing the depression and formed the smaller-
scale dome.   A collapsed zone was interpreted to be a potential feeder
for magma emplacement.   If this ls true. then the feeder is farther south
than orlgLnally described by Wagner (1954).   On Flgure 5. the northern
graben ls located between CMP's 300 and 340 while the southern
graben ls located.bet\veen CMP's 675 and 760.   The collapsed zone is
located between CMP's 400 and 480.   The elllptlcal shape of the dome
is outlined by the faults which are shown bythe dashed lines.  Rose and
Silver City Domes appear to be aligned along a series of faults which
trend in a northeast-southwest dlrectlon {Wojclk.  et al..  1986).

This study introduced new ideas on the dome's formation.   In
addition.  it helped to improve the understanding of the structure.   It
was also concluded that higher resolution data were needed to find the
location of the sills.

In  1986 and  1987.  additional seismic data were collected at the
dome between CMP's 365 and 489.   The purpose of the study was to try
to resolve the events wlthln the couapsed zone.   Dynamite was used as
the source.   Dynamite imparts higher energy and gives higher frequency



signals than the mlnlsosIE earth compactors. and thus better
resolution was achieved.   The dynamite was placed in holes which were
3-4 feet deep and were roughly spaced 55 feet apart.   The geometry of
the line was end-on with a linear array of 30-IE geophone groups
spaced 55 feet apart.   There were  10 equally-spaced geophones per
group.  The data were recorded by the Kansas Geological Survey on an
I/0 DIR 2400 24-channel recording system.

Magnetic data were also collected in the northeastern portion of
the dome.   A proton-precession magnetometer was used to collect the
data.   There were six north-south trending lines. one+ of which was
located along the seismic line.,  Data were also collected along three
east-west trending lines which intersected three of the the north-south
lines.   The data were collected at sample intervals of 7.5 and  15 meters.
These data were drift-corrected and then were plotted as proffles.

PROCESSING

Data were processed on the Kansas Geological Survey's Data
General MV 20 000 computer.   Standard processing was applied to all
data: however. the dynamite data had several special steps applied to lt.
First. refraction static corrections were applied.   The purpose of static
coITectlons ls to make .the data look as thougiv lt were recorded on a flat
surface without the presence of weathering or low velocity near-surface
materials.   Refraction statics ls a type of correction procedure which is
based on the arrival times of refraction events. rather than the arrival of
the reflectors themselves.  An advantage of refraction statics ls that
first-arrival refraction signal ls not contaninated by selsmlc noise.  The
disadvantage ls that the correction ls not directly tied to the reflection
information.   However. the refraction data contain information about the
near surface layers so that accurate surface-consistent corrections can
be calculated.  For these data, refraction statics were successful and
other methods were not because of selsmlc noise contamination.

The nerct step ln the processing was the application of a velocity
filter using the slant stack method.   The velocity inter removed low



velocity noise from the data. Includlng ground roll and the alr-coupled
wave.  Selsmlc noise from the nearby quany was also attenuated.

The final section was analyzed using complex trace analysis. a
processing technique which separates the seismic data into its
components of instantaneous amplitude. frequeney and phase.   Used ln
conjunction with color plot displays. complex trace analysis enhances
certain aspects of the results. including anplltude anomalies. contlnulty
of reflectors, discontlnulty of reflectors. and modulation due to changes
ln reflector thickness.

RESULTS

MlnlsosE Data (1985)

Both the northern and southern ends of the selsmlc section
(CMP's 230-300 and 610-680) represent a normal stratlgraphlc
sequence of southeastern Kansas Paleozolc rocks.   Correlation with the
borehole data enabled the ldentlfication of several reflections which
correspond to major stratlgraphlc horizons (FTgure 6). Thickness of the
normal stratigraphlc section increases locally wlthln the area of the
dome due to the injection of lamproite.magma.   The dome itself
displays a pronounced asymmetry.  The maximum closure is located in
the northern part of the structure (CMP's 330-400). where the doming
affected mainly the Pennsylvanian sequence.  The southern part has
smaller closure that ls not associated with '` any'.stratlgraphic diviston
(CMP's 470-500.  830-750).   The northern and southern portions of the
dome are separated by a distorted and collapsed zone that ls bounded by
several normal faults (CMP's 420-470).  This relationship suggests that
the feeder along which magma intruded was located at the center
rather than at the northern margin of Silver City Dome as described
previously (Wagner.  1954).   The margins of the structure are dissected
by normal faults that form graben-like ring fractures.

The lamprolte snls themselves are dlfflcult to recognize on the
selsmlc sections.   However,  several high-amplitude low-frequency
reflectors which trend obliquely to the stratigraphlc horlzons may



correspond to lamprolte bodies ln the subsurface qrigure 6).   Those
reflectors are located in the northern part of the structure.   This fact
and the general asymmetry of the dome suggests a two-phase evolution
of the Sflver City Dome.   Deep-seated magmatlc processes caused gentle
domlng and instantaneous fomiatlon of the marginal ring-grabens.
Subsequently. a centrally-located feeder was formed and llquld
lamproite magma penetrated the Paleozolc sedimentary sequence.   The
Injection of magma into the sedimentary section took place mostly to
the north of the feeder, and consequently a steeper dome,
superimposed on the pre-ex±stlng gentle structure, was , formed.   The
fault that bounds the northern ring-graben from `the tsouth provided a
condult for the magma that formed the IIllls Pond hamproite.

tryamlte D&fa 0986 and 1987)

The final section for the dynamite data ls shown as Hgure 7.
ngure 8 ls an interpreted line drawing.   The horizontal distance across
the line ls about one kilometer.   There are three dlstlnct areas on the
section: the sfll zone (shaded). the zone with continuous reflectors. and
the chaotic zone (clear).   The shaded zone ls interpreted to be a zone of
sills interlayered with the sedlmentary rocks.   'Thls lnterpretatlon ls
based on its difference .1n character with respect to the zone of
continuous reflectors..  The zone of sills ls bounded on the north by a
system of fractures.   The reflection events wlthln the sill zone are
stronger and of lower frequency than the reflectors to 'the north of the
fractures (undisturbed section).   The reflectors are also more
dlscontlnuous than ln the undisturbed sectton.  The zone containing
sills penetrates to a greater depth than was described in earlier works:
however. a driller's log from a well (ECC0 Ranch, Inc.  #2, drilled by
White Hne Petro. Co.) located less than one mile away on the eastern
edge of the dome notes lamprolte ln Mlsslsslppian rock at 360 meters
depth and thus confirms the seismic data.

A massive zone ls located beneath the disturbed zone containing
sills.   It ls called massive by its seismic expression.   It does not have any
continuous reflectors wlthln lt compared to the events on either side of
lt.   This zone ls interpreted to contain shattered country rock
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(Precambrian) mixed with igneous rock that came up from deep within
the earth.   This zone is the local source for the overlying sills.

The interpretation presented above ls inustrated most clearly
using complex trace analysis.  The instantaneous amputude plot (FTgure
9) clearly shows the sills.  Tamer. et al. (1979) state that boundaries
across which major lithologlc changes occur often have high reflection
strength.   Such boundaries could be those existing between sedimentary
rock and lamproite sills.   Because the adjacent normal section does not
show the amplitude anomalies. this interpretation ls reasonable.

The instantaneous phase plot Ongure` 10) emphasizes ,the
contlnulty (or dlscontlnulty) of reflection events.   The reason ls that all
anplltude lnformatlon ls removed and thus strong and weak reflectors
show up equally.  The sins are not as dlstlngulshable as they are on the
instantaneous amplitude plot Ongure 9) because they are an anplltude
phenomenon.-  Instead.' the fractures wlthln the zone of the snls are the
obvious features as edges of areas of contlnulty.  The chaotic (massive)
zone is also evident as a region lacking continuity.  With the use of
complex trace analysis. boundaries of regions recognized on the
standard selsmlc section were more clearly delineated.

hftyctlc mta
The magnetic data profiles Ougure  11) were useful as support for

the seismic data.   On the magnetic profile line 4, which was located
along the path of the selsmlc line, .an anomalous zone is present ln the
region of the collapsed zone seen on the seismic data.   The collapsed
zone is located from CMP 380 to CMP 480.   The rest of the magnetic
profile ls quiet by comparison to this zone.   On the other profiles. the
anomalous zone is present on sk profiles and has a slight southwest-
northeast trend.

The anomaly patterns could be due to a combination of two
factors.   The broadest anomalies occur to the north over the chaotic
zone and the bounding fracture. suggesting that the presence of the
anomalies ls related to the amount of lamprolte ln the rocks.   In



addition. because the faultlng is more complex in this region. the short
wavelength anomalies show where lamprolte has been faulted.   The
southern portion of the magnetic profiles levels off beyond the boundary
of the chaotic zone where less faulting has occurred. and the lamproite
is present only as sills.

CONCLUSIONS

Complex trace attributes clearly revealed details which were only
hinted at on the standard seismic section and thus were useful in the
lntexpretatlon.   Their most useful appllcatlon was ln-showing the
boundaries of the massive zone and showing the'fractures.   Prior to the
appucatlon of complex trace analysis. the appllcatlon of data processing
techniques such as refraction statics and slant stack successfully
brought out the signal relative to the noise.  The final result was a
seismic section whose lnterpretatlon.  along with the  1985 data. revises
some of. the previous ideas on the formation of Silver City Dome.

Wagner's interpretation of the formation of the Dome was that
magma intruded up the stratigraphlc section along, a fault described
only as dipping steeply to the north. It then penetrated laterally as sills
into the Upper Pennsylvanian sedimentary rocks.  The selsmlc data
yield a different interpretation.   Upward intrusion of a deep-seated
magma body ls believed to. have `caused gentle doming in the area and
subsequent formation of the marginal grabens.  A smaller-scale
frequeney of domlng is located ln` the northern part of the dome as was
shown on the  1985 data.

FTom the  1986 data. a massive zone was interpreted to be the
feeder through which magma penetrated the overlying rock units. The
massive zone is believed to consist of igneous rock and shattered
country rock. 'Ihls source ls farther toward the center of the dome than
the source proposed by Wagner (1954).   The zone believed to contain
sills is heavily fractured and ls bounded on the north by a fracture zone
which extends down to the massive zone.

•-,,     /
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LAMPF}OITE  LOCALITIES

mg. I.   I-amproites have been found in 22 localltles across the world.   Circles represent lamprolte
localltles while the squares represent locations of other potasslc and ultra-potassic rocks.   Dlamond-
bearing lanproltes are found in Prairie Creek. Arkansas and at tv`ro locations ln Western Australia.



Fig.2.   Circles show the nine structural features which form the 38th -parallel lineament of Heyl.



GEOLOGY  OF  NOF}THERN  SILVER  CITY  DOME
A'

A

ng.3.   Generalized version of the geology of the northeastern corner of Silver City Dome (after
Wagner.  1954).   The stippled pattern shows the outcrop of the lamprolte.   'The lined pattern shows
the metamoaphic aureole surrounding the lntmsion.   The heavy. dashed line is the steeply-dipping
fault described by Wagner to be the pathway for the magma.   franks (1959) reports a nine-meter-
thick sill at an approximate depth of 230 metei.s at the well located along the line of the cross-



.I.

I-

F`ig.4.   Generalized cross-section showing Wagner's interpretation of the formation of Silver City
Dome.   The heavy. dashed line is the steeply-dipping fault interpreted to be the conduit for the rising
magma.   The drill hole neaLr the southern end of the section records sills at a depth of approximately
230 meters (765 feet).   The two. solid. vertical lines at the north end are bends ln the line of section.



SILVER  CITY  DOME

\,

Flg.5.   Generalized geological sketch of the Silver City Dome (after Wagner.  1954).   Bold nncs are
seismic sections: parallel to them dotted lines are important structural elements of the dome
rccognly.cd  on  the  `salsnilt`  sect.Ion.    I)ashcd  llncs  .|rc  llne<iments  Interpreted  from  the  aerlal  Infrared
image.



Northern  CDP  section Southern  CDP  section

.4

BING  GFIABEN                          COLLAPSED  ZONE
BING  GfIABEN

-- --- -I:F-L==--- --=
- I _-. a----

111111 ---- ,- --
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Fig.6.   Seismic reflection profiles and interpretative line drawings.   A -- top of the Arbuckle Group, M
-- top of the Mississippian llmestones. KC -- base of the Kansas City Group. a-- possible location of
lanprolte sills.
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INTERPRETED  SECTION
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F`ig.8.   Interpretative line drawing for the seismic profile shown ln Fig.7.   The shaded region is the
zone of sills.   Continuous nnes indicate the region of continuous reflectors.   The clear region is the
massive zone.   The top of the Mississippian is at approximately 220 ms.   The top of the Arbuckle is at
@nnrnximatelv .?nr) m`Q.   The h@spment is  lo.ated  at  ar)T)roximat.elv 380 ms.



INSTANTANEOUS  AMPLITUDE
CMP                       --N-

370              390               410               430              450               470

Fig.9.  Instantaneous amplitude plot for the dynamite data.  Areas of highest amplitude are shown by
the heavy black patches. The zone of sills is characterized bv having the highest amplitudes on the



INSTANTANEOUS  PHASE

370               390               410

CMP                     -N-
430               450.             470

.Fig.IO  Instantaneous phase plot for the dynamite data.  'This plot emphasizes the discontinuity of
re[1ection events within the zone of sills and within the massive zone.   F`ractures are evident as edges



.Fig.11.   Profiles for north-south-trending magnetic lines  1-6.   Line 4 was located along the path of
the seismic line.   The numbers along this line show corresponding CMP locations.   AIl of the
magnetic anomalies on this nne are located within the region of the collapsed zone found on the
seismic data between CMPs 380 and 480.   A zone of anomalies present on six of the magnetic proffles
has a slight southwest-northeast trend as shown.



Gi.oclicli`istry or Kansas  lamproiics

DISCUssloN
Inlroduclion

MERR]LL a/ a/. ( 1977) concluded that the Woodson
County  lamproitcs  formed  by  melting. a garnet-rich
mantle  source  or  by  crystal  fractiona(ion,  but  they
did  not  specify  in  their  cxtcnded  abstract  how  (his
conclusion `iras rcachcd. As discussed below. we agrcc
that   the   lamproitcs   are   most   ]ikcly   the   resul(  of.
magma   formation   by   incipient   melting  of  upper
mantle garnet  peridotitc  since  the  incompatible  clc-
mcnts.  Cr,  Co  and  the  I+a/Lu  ratios  arc  high.  The
high Co and Cr content, howcvcr,  preeludcs crystal-
lization  and  removal  of .the  phases that concentrate
thcsc  cLemcnts  and  occur  as  phenocrysts  in  these
rocks (olivinc,  phlogopite.  diopside.  and amphibole)
since fractional crystallization  of these phases would
drastically reduce the Co and Cr concentrations from
their measured  values.

Melting models

A   small   percent   partial   melting  of  gamct-rich
mantle  sourocs  has  often  been  used  to  explain  the
chemical and iso(opic characteristics of alkaline mag-
matism as well as being consistent with the results of
expcrimcntal  petrology  (c.g~  G^sT,  1968;  K^y and
G^sT.  1973: SuN and H^risoN,  1975: CuLLERs and
MED^RIS,   1977:  FRET  a/  4/..   1978;  CULLERS  ct  a/.,
1982:  summary  in  CULLERS  and  GR^F.   1984).  A
maj.or  problem  is  that  predicted  concentrations  of
incompatible  c]ements  during  melting  are  too  low
compared to measured conccntratious from  average
or  ..undeplcted"   upper  mantle  cvcn  if  the  lowest
D.C..s and very small degrees ormclting arc assumed
in  order  to   majtimizc  the  predicted   incompatible
clement  conccntratious  in  (he  melt.  For  example.
CUuJRS c/ a/. ( 1982) assumed that an average, upper
mantle pcridotitc consisting of 56 pcrccnt olivine, 33
pcrccnt orthopyro.`cnc, 5 percent clinopyroxcnc, and
6 pcTccnt gamct (mincTalogically and chemically the
same as that given by WEDEPOIIL and MUR^M^TSu,
1979) undcrwcnt 0.5 perocnt equilibrium and modal
melting (after SH^W,  1970; HASRIN,  1984) to produce
the   RIlcy   Coun(y,   Kansas.   kimberlites.   Although
most   predictions   matched   the  observed   rangc` of
kimbcrlitcs.  some predictions  tended  to  be  too  low
(cspccially LREE and Th).  In addition,  it is difficult
to  visualize  how  such  tiny  dcgrces  of mc]t  may  bc
separated  from  the bulk or the  residual  solid.  If the
same  model  is  compared  to  the  Woodson  County
]amproitcs  (Fig.   10),  the  predicted  LREE,  Th.  and
Hf  concentrations  arc  much  lower  than  obscrvcd
although  predicted  and  measured  contents  of other
clcmcnts  arc  approximately  cart.ect  considering  the
many assumptions.

To  overcome  the  above  difficulties,  an  HzO-  or
C02-rich.  mctasomatized  upper man(lc. variably cn-
richcd  in  incompalibl¢ ¢lcmcnts,  has been  proposed
as the souroc for alkaline magmatic rcoks (FRET and
GREEN,    1974;   P^Ul.  cf   a/.,    1975;   B^CHINSKl  and
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ScolT,  1979:  KUR^T cl  a/..   1980.,  LUHR and  C^R-
MICH^EL,  .1981..   PAUL.  and   Pons.   1981:   RODEN,
1981; J^Ques a/ a/..1984;  RODIN cr a/..1984).  For
cxamplc,  lamproites  at  West  Kjmbcrlcy.  Australia.
have  low Col.  but high  F and  H20  (J^QUES cl/ a/.,
1984).  Based  on  cxpctiments  in  the pen.dotitc-H20-
C02   systems   (BOEITCHER   a/   a/..    1975:   ECCLER,
1978;   EGGLER   and   WENDL^NDT.    1979;   WVLl.IE.
1979:  B^RTON and  H^MILTON,  1982). J^QUES a/  4/.
(1984)  conclude  that  the  West  Kjmbcr]cy  saturated
lamproitcs  (olivinc-hypersthcnc  normative)  formed
by   melting  or  phlogopitc-rich   pcridotitc  diat  was
mctasomatized and variably enriched in incompatible
elements  at  high  prcssurc  of H20  and  F.  Minettes
saturated or slightly undcrsaturated in silica have also
bc€n attributed to have formed by melting of gamct
pcridotite with high  H20/C02 ratios (ROGERs cf a/..
1982). In contrast, the undcrsaturatcd kimbeditc and
carbonatite magmas (lamitc in the norm) u.ould form
under high Col prcssurc and low H20 presstirc (a.g.,
J^QUES a/ a/..  1984; ROGERS cf a/..  1982). The Silver
City lamproitc like the West  Kimberley lanproites,
is  saturated  and  is  also  probably  low in  Col  since
there are  no carbonatc  minerals so the high  Lot  is
surely due to H2CLloss frond the abundant setpcntinc
(ncithcr  F or  cot  wcrc  analysed).  The  Silver  City
lamproitc, thcrcrore, could also have formed by melt-
ing  or a  mctasomatizcd,  phlogopitc-rich  peridotitc
variably cnrichcd  in  the  incompatible clcmcnts.  We
suspect that the abundant carbonatc minerals in the
Rose Dome lamproitc are secondary so this lamproitc
could have formed  in a similar fashion as the other
]amproitcs.  The initial .7Srrsr ratios for the Silver
City  famproitc  and  the  Rose  Dome  lampToite  are
lower than those of the West Kjmbcrlc}' lanproites
(J^QUES a/  a/..  1984)  so  the  mctasomatized  mantle
that melted to fomi the Woodson County lamproites
may not have been as enriched in Rb rclatvc to Sr
or  perhaps  enriched  on  a  shorter  tifnc  scale.  The
higher Rb/Sr ratios in the West Kjmbcric.v lamproitcs
(Mean  = 0,41; J^QUES a/ a/.,  1984) compared to the
Woodson Coun(y lamproites (0.14 and O~ro for two
mcasurcmcnts) tend to support the former although
i(  would  still  of course  bc  possible  for the  time  of
mctasomatism to be diffcrcnt in the twro artas.

VAN  KooTEN  ( 1980)  demonstrated  the(  ultrapo-
tassic  basalts  in  the  centul  Sicfn  Nevadas  had  to
fonn  by  I.0 to 2.5  pcrccnt  melting or a phlogopitc-
gamct pcridotitc. About 49-53 percent phlogopite of
a  composition  similar  to  those  in  kimbedilcs  or  in
xcnoliths  of  himberlites  along  with  28-38  percent
orthopyroxcnc and  13-19 percen(. clinop}Tolenc typ-
ical  of mant]c composition  could  melt and produce
major  clcmcnt  compositions  similar  to  the  ultTapcp
tassic basalts. The  residuum  left ancr mcltiBg would
increase  it`  olivine and garTict.  As a  K-rich.  Na-poor
source was rcquircd. it was concluded tha( phlogopitc
was prcscnt  in the  source  rock and  `A/as in`olved  in
the melting: the prescncc of amphibolc was precluded
by its high  NaAI ratio.
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FIG.   10.  The  predicted  clcmcnt  content  Of a  mcl(  (dashed  bbc)  formed  by  0.5  pcfcent  modal.

cquilibriutn  melting or a  pcridotite source  from  the  Dantlc containing  56  pcrccnt  olivinc,  33  pcrccnt
ortl)opyroxcnc. 5 pcrccnt clinopyroxcnc. and 6 pcrecDt gamct is compared to the least altcrod and least
diffcrcnhated portions or the Resc Dome larnproite (sobd lines and solid circle) and Silver Gty lamproitc
(solid line and open circle).

If similar compositions of minerals as Van Kootcn
used are assumed to melt and prodLicc the Woodson
County lamproitcs, there is no melting ratio of these
minerals that wi]]  produce the  major clcmcnt com-
position of the lamproitcs. The best fit raves predicted
melts that are too hick in Al and Mg and tco low in
Ti and Fc. Ifthc composition of the melting ph]ogopitc
is assumed  to bc similar to the ccntcr of phlogopite
grains in the Silver City lamproitc, then the p[edicted
melt  is much  closer lo  the  measured  magma  com-
position LLsing melting ratios similar to those of van
Kootcn. The best fit of predicted melts to the range
or  magma   composition   assumes  that   phJogopitc/
clinopyroxcnc/orthopyToxcnc  melting ratios arc  60/
20/20  gable  9).  Cousidcring  the  assumptions  in-
volvcd.  we  feel  this  is  a good  fit  tx:twecn  predicted
melt and the obscrvcd range of magma composition.
Certainly no other melting ratios or composition of
rcasonablc  melting  minerals  from  the  upper  mantle

cvcn comes close to approximating the unusual com-
position of. lamproites. .As K and Na may.^havc bccn
lost `by 'alkali ,'mctasomatism   at  `low \ prcssuTc.   the
original -magma  formed  in  the  mantle  could  have
been  cvcn. more  K-  and  Na-rich than  observed  so
our estimates of K and Na in the magma could bc
low. On the other hand, Na and K mctasomatism at
mantle  pressure  could  possibly  enrich  the  magma
more  in  Na  and  K than  our simple-minded  model
above would predict. Wc have no way of evaluating
that possibility.

Ir  lamproitcs  arc  produced  by  a  small  percent
melting of upper mantJc variably enriched in incom-
patible trace clcmcnts, lamproitc magmas in different
areas  would  bc  expected  to  have  the  extrcmc  and
variable  enrichment  observed  oTablc  8).  depending
on  the conccnlration  of the clcments  in  the soufce
and  the  pcrccnt  melting.  Thus,  wc  believe  dctailcd
comparisons or predictions to observations or magma
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compositions  of  lamproites  melting  from  assumed
mantle  sources  would  only  match  if  xenoliths  of
mant]c  repfiescntative  of unmc]tcd,  enriched  upper
mantle  were  found  in  the  lamproite  being  studied.
No such  mantle xcnoliths  have been  found  in these
lamproitcs.  The best candidates that  might be most
similar  to  the  mantle  that  melted  to  produce  the
Woodson   Cbunty  lamproitcs  (especially  at-Silver
City) would be the metasomatic phlogopite-peridotitcs
±  gamct  described  in  N]xoN cr  a/..   1981  (samples
PHN  2713  and. 2771).  Thcsc  two  metasomatized
nodules arc considerably enriched in the incompatible
elcmcnts,  LREE,  Ba.  Rb,  and Sr by factors of 4.2-
5.8,  2.4-8.6,  14.2-73,  2.3-11,  respectively,  over av-
cragc  ultramafic  mantle  or WEDEpoHL. and  MUR^-
M^Tsu (1979).  The  HREE  like  Lu  are  depleted  in
the mctasomatized  nodules by a factor of 0. L70.23
compared to avcragc  ultramafic  rock, and the com-
patible  clcmcnts  are  similar  in  the  two.  Wc  had  to
assume residual gamct and  phlogopite were  prcscnt
in  (hc  source  to  be  able  to  rna(ch  predictions  with
observations   for  the   HREE  and   Rb.   Degrees  of
melting  much  less  than  2  pcfccnt  tcndcd  to  giv;
prodictious of the  LREE,  Ba.  Sr, and  Rb that were
tco high and larger degrees of melting tended to give
predictions that were too low compared to observed
magmas.

The best match betwocn predictions and obscrva-
tious  (Fig.   I I)  using  the  low  D.Cs  summarized  in
CuLu=Rs  af  al..  (1982)  assumed  a  Don-modal  and
aggregate melting model (after StIAw.1970) in which
a residual pchdotite with olivinc/opr/cprtygamct/phlog
= O.60/0.315ro.06/0.0l/0.015  melted  in the ratio of
opx/cpx/phlog  I  0.2/0.2/0.6 (this melting ratio `ras
used since it best explained the major elements). The
compatible   clcments,   Co  and   Cr,   still   give  good
matches  bctwecn  predictions  aLnd  observations since
thcsc  concentrations   arc   similar   in   enriched   and
avcragc  mantle  rocks.  Wc  believe  this  model  is  a
good  match  to  clement  concentrations  in  observed
lamproitcs considering that (hc actual metasomatized
mantle that melted to produce the Woodson County
lamproitcs could have had a difrcrent ratio of incom-
patible clcments or mineralogy than wc had available
for  our  model.  In  fact.  wc  would  be  surprised  if
mctasomatizcd  mantle was not found to bc variable
in mineralogy and trace clcmcnts on a very fine scale
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(centimcters to meters). Finally. two percent melting,
as used in this model, should be sufficient to permit
the  melt  to  aggrcgatc  and  move  from  the  si(c  of
formation to where it was injected at shallow depth.
Even  more melting could be allowed if the mctaso-
matized mantle that melted to produce the Woodson
County lamproites `i/as, even more enriched in incom-
patible 'clcmcnts than that used in Our model.

Fracliol.alion within the sills

Vertical  chemical  variation  within  the  sills  could
bc due to some combination of crystal fraedonation,

tcrm
50cO

'000
500

Lo            Sin   .Tb            Yb  Ba  Rb
Ce            Eu                      Lu  sr

ELEMENTS

FIG.   I I.  The  predicted  tracc  c]cmcnt  content  or a  melt
(dashed  line)  fomcd  by  2  percen(  nob-modal.  aggregate
melting or a  mctasomatized pcfidotitc (cfus-hatched: after
NlxoN  c/  a/„   1981)  containing  60   pcrccnt  olivinc,   31.5
pcrccnl otthopyroxcnc.  6  pcrccn( clinopyroxcnc,  I  pcra:nt
gamct, and  I.5 percent phlogopitc and melting in a redo of
ol/opt/cptyphlog I o.2ro.2ro.6 is compared to Rose Dome
(solid cilclc) and Silver City (open circle) lamproitcs,



multiple  injection,  flow  diffcrcn(iation,  and  mctaso-
ma(ism.   The   Rose   Dome   lamproitc   increases   in
carbona(c closer to  the  lower  limcstonc  resulting  in
obliteration of most of the orictml minerals, suggesting
contamination  took  place.  This  chemical  alteration
makes  it  difficult  to  inlciprct  any  vertical  chemical
changes  witliin  the  Rose  Dome  lamproi(c`  limi(ing
the discussion of vertical  variation  to the Silver aty
lamproitc.

As discussed previously,  Ba and. to a lesser cxtcnt.
K   and   Rb   appear   to   have   increased   in   contact
mctamoTphic   zones   rclativc   to   unaltcrod   country
racks  above  both  sills  and  to  a  lcsscl.  cxtcnt  below
the  sills.  Those  alkali  and  alkaline  earth  clcmcnts
tha( occur in significant amounts in the scrpentinized
groundmass or olivinc and are soluble in H20 might
bc most suseeptiblc to removal by the HzO-rich fluids
escaping to  (hc country  rcN:k.  A  large  proportion  of
the   K  and   Rb   is   conccntralcd   in   the   abundant
phlogopitc,  but  thcrc  is  still  a  significant  mass  of
thcsc clemcnts and  Ba  prcscnt  in  the sefpcntine.  In
addition.  the  conccntratious  of Ba  and,  to  a  ]csscr
cxtcnt.  K (but  not  Rb) also dccrcasc  upward  in  the
Silver City lamproite. A partial explanation could bc
gradual  loss of thcsc  soluble  elements  primarily  up-
ward  into  the  overlying contact  mctamorphic  zone.
The  problem  is that  other e]cmcnts  (REF.  Th,  Hf;
possibly  Ta  and  Sc)  also  dectcase  up`vard  in  the
Silver City  ]amproitc  while  others  incrcasc  upward.
Thus,  (hcrc  is  at  least  one  other  reason  for  this
elcmcnt   fractjonation.   While   considering   possible
multiple  injection.  fractional  crystallization,  or  flow
difrcrcntiation,  however,  one  should  bear  in  mind
the possibility of recqui]ibration of clcments betwccn
attend phcnoclysts and groundmass as well as clcmcnt
trauspofl  in  H20-rich  fluids  circulating through  the
magma.

Vertical  discontinuities  in  mineralogy,  grain  size,
or composition in the Silver City lamproitc might bc
cxpccted  if multiple  injections  of different  magma
oceurTed. Wc visually examined the core and nodced
only  a  gradual  incrcasc  in  phcnocryst/groundmass
ratio  up  the  core  consistent  with  what  MEF`RILL a/
a/. (1977) found in a different core in this area. Thus,
wc only  sampled  at wide  intervals  to  find  what  wc
cxpccted  to  bc  gradual  changes  in  mineralogy  and
composition due to flow diffcrcntiation or fractional
crystallization.  A  more  dctailcd  sampling campaign
would  let  us see  if any discontinuities  in  mineralogy
or composition  are  present,  but  the gradual  change
in  percent  phcnocrysts  vertically  coupled  with  the
gradual compositional changes over the wide sampling
in(cr`'al, lead us to belicvc multiple injcc(ion was not
important-

Fractional  crystallization  within  the  sill  was  also
tcsted  assuming  the  phcnocryst-poor  lower  portion
or the sill  might  be  a  fine-grained  chill  zone  rcpre-
senting  the  initial  magma  composition  and  that  it
cooled  and  crystallized  inward  by crystal  forTnation
and   settling.   Using   rcasonablc   D.C.   for  observed

phcnocrysts  and  groundmass  (using  either  the  D.C.
of CuLLERs  t./  4/..   J982  or  D.C.  cstimaled  in  this
study) and crystal rractionation models (c.g„  HASK[N,
1984),  there  was  no  combination  of evolving  melt
composition and phcnocryst mtios that would explain
vertical chemical  trends of the least  volatile clcments
in  (lic  sill.  Thus,.cithcr  rrac(io"Ll  crystalliza(ion  did
not occur or mc(asomatism  may have changed mtios
or  clemcnts  among  phases  within  the  sill   so  that
fractional crystalliza(ion cffccts may have been oblit-
erated.

A   flow  difrcrentiation   model   tivcs   us  the  best
match bcturocn predicted and observed concentrations
or elements so  we suspect this is the second  process
causing  vcrtica]  fractionation  within  the  sill.  In  flow
differentiation, dcnsc olivinc phencerysts concentrate
toward the ccntcr of dikes as they flow uar/ard along
conduits (c.g„ GIBB,1968: KOM^R,1972). As magma
in  the  dike   is  injected   as  a  sill,  the  vertical   flow•diffcrcntiation may bc ` prcscrved as sparse phcnocrysts

(especially  olivinc) at the top and bottom  of the sill
th.at incrcas¢ in`rard toward the ccntcr as is observed
in this sill.

Additionally,  assuming  the  minerals  and  ground-
rnass have lhc same composition  throughout the sill
as summarized  in  Tables  4  and  7  (clement  compo-
sitions  of the  groundmass  were.estimated  from  the
sample  at  57   reel  in   the  core  by  subtracting  off
phcnocryst compositions  fl.om the  phenacrysts  plus
groundmass),  it  is  possible  to  match  predicted  with
observed clement concentrations within ±20 percent
for all clemcnts bu(  Ba` Na,  and  in several samples,
Ca  (Fig.   12).  Ba  has  already  been  shown  to  bc  the
most  mobile  elcmcnt  of  those  removed  from  the
magma and transported into the count[i/ rock and is
largely  tied  L]p  in  the  groundmass.  Estimates  of `Ba
concentrations  up the core are systematically  higher
than observed. tending to support significant  Ba loss
up lhc core into the overlying country rack as is also
observed. Estimates or Na also arc higher up the core
than  measured,  suggesting  Na  may  be  lost  into  the
overlying  coLintry   rock.   Na  concentrations   in   the
country  rock  are .variable and-~ovcrlap  with  the  low
concentrations of Na in the intrusion although there
is a hint Na is more enriched in the homfels relative

' to the ncarcst unmcfamorphosed shalcs Crablc 2). K
and  Rb  have also been  suggested  to have been  lost
to lhc country rack.  but apparently not enough has
been  lost  from  the  seTpcntinized  portions  to  cause
differcnoes  between  observations  and  predictions  in
oLir  flow  differentiation  model.  PcThaps  K  and  Rb
canfiot bc easily  removed  from the abundant phlog-- opitc phenacrysts so that loss or thcsc clcmcnts ftom

the  less concentrated  scrpentinizcd  portions  cannot
bc detected within the uncertainties of our model.

Finally, the bulk of some clcmcnts may have been
concentrated in minerals or low abundance, especially
Ca in diopsidc and Cr in spincl.  If the modes of the
low abundance minerals enriched in certain clcmcnts
did  not  quite  match  the  actual  amount  of minerals



Gcachcmistry or Kansas  lamproi(cs
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FIG.  12. The ratio of clcmcnts predicted in the flow diffcrcntiaLion model arc compared to the measured

contents or elements.

in  the  analyzed  samples,  then  estimates  of €lcmcnt
concentrations  would  not  agree .very  well  with  ob-
served values. If wc make small. arbitrary adjustmcnts
in  modes of clinopyroxcnc,  wc can get  much  better
agreement bctwccn observations and predictions than
obtained  at  50  fcct  and   37   feet  in  Fig.   12.  The
rclativcly   good   agreement   or  Cr   in   Fig.    12   was
obtained by making these small, afoitrary .adjustments
in spincl  modes from those observed.

Thus, flow differentiation and, for some clcments.
mctasomatism  probably  combined  to  produoc  frac-
tiona(ion within the sill.  Fractional crystallization or
multiple  injection  cannot  be  completely  precluded.
howcvcr, due to undctected mctasomatic cfrccts that
could   cause   local   movement   of  elements   among
phases  or to  other  parts  of the sill  that  might  com-
pletely  obscure clement  changes due  to crystal  frac-
lionation or multiple injection.

Ace/It/.../{.dgt.man/..ronc   or  us  (RC`)  thanks  the   Kansas
Geological Survey for the loan or the cores or (hc lamproiLes
and  for  financial  support  or research  assistants  and  other
cxpcndablcs.   Wc   also   apprecialc   (hc   ifTadiaLion   of  our
samples by (hc cTcw or (hc Kansas Sfa`c nuclear reactor and
the use or (hc counting cquipmcnt or the Dcpt.  of Nuclear
Enginccring  at  Kansas  Stalc.  Wc  cspecia]ly  apprcciatc  the
help  given  to  us  by  Gale  Simons  during  times  or trouble.
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^Iso  ve  (hank Sylda  Nichols  for typing. Jce  Pc(resky  for
draning. and Matt Burcham and Joe Petrosky rot grinding
the  samples.  Constructive  rcvie"is  by  John  Shcrais  and
Doug  Brookins  `ircrc  most  helpful:  the  very  dctalled  con-
stTuctivc revievr by ShaTon Bachinski vas exccedintly helpful.
Roger  Mitchcll  provided  us  with  information  conccming
the definition orthe rock types and microprobc compositions
in  time  for inclusion  in  this study.  Finally.  wc thank  Sam
Chaudhuri  for  `isc  or  his  mass  spcctromctcr  and  isotope
dilution facilities.

Ediiorial handling: M. I . Thlke
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APPENDIX

Description Of thin secLious

Silver City Dome

lip-I.5'              a.4anzl./a.  Quartz  grains  are.nhedral  and

HP-I . I I ,

HP.I.28`

HP-I.46,

HP-I.54'

WC-I

WC-2
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crals. Tlie nature of most of lhc anhedfal
crystal aggrcgalcs indicalc it eo bc antigoritc
and/or lizarditc. Vciolcts or scTpentioc cx-
hibiting crossfibcfs out  through  the  pscu-
domorphs and aft believed to bc chrysotlc.
Tt]c crystal boundaries afc less `wcll defined
than in (he heshcr material deepcr do`rm.
Euhedral phlogopitc crystals arc gcncmlly
less  than  I  mm  long and  altered  mainly
along  (heir  edges  es  well  as  indde  the
crystals  to  scapcntinc.  SubhedTaL  modcr-
&tcly pleochroic diopeidc; subhcdral.  light
reddish-bro`m   richtcritc   chowiDg   good
dcavagc  and  subhedral  dndc  red-brown
•pincl are the otJicr mtior minerals. Diop-
Sidc  is  itedily  altcnd  cho`m  by  lower
intcrfcrcncc   colors   starting   aJODg   their
cdgcs. The crystals are often clustered and
intcrgrown with phlogopitc.

{4mprof./c.  Simhar to  HP-2 I.32'.  Alicration
or groundmass to scrpcntine is sligh(ly less
advanaed.

HP-21.52'         14mprol.lc.  The  olivinc  pscudomorphs  arc
dight]y less altered and crystal boundaries
bcltcr  defined.  The  scTpcntine  replacing
the olivinc has a hanger grain rizc than  in
the prcwious samples.  hqpe spincls up to
I  mm  arc  common.  Phlogopjtc  cr)tlals
are also less altcrd

HP-21.57`         J4mprof./c.   Sample  is  quite  fish  looking

intcrlceking. Avcragc grain size 0.25  mm.
Minor  amounts  of  mica  prcscnt.  Some
foliation aooentuated by the concentration
or mica  in  thin  layers  up  to  a  few  mm
wide. Some secondary hacturing of quartz
grains wi(hin one thitl layer.

She/c.   Abundant  organic  debris  and  clay
minerals mating idcntificaLion or individ-
uar    minerals   diffioull    Small    anliedral      HP-21.64T
quar(z grains  mckc  up about  17%  of lhc
Tcek.

Sands/o«c.  MOTc  aTBillaccous  ma`crial  than
HP-I .5'. Quartz grains are angular. Patches
or clays  and  organic  material  disthbuted
throughout. bu( bedding is cvidcnl

Qrtyrtz siandr(one. Angular inlcrloclcing quartz
grains.  Some overtyowth  or qunz along
grain boundaries as cell as some altention.
Contains  minor  zircoft  es  an  accessory
fnincTal plus some o`hcr opaqucs.

She/c. The bulk or ihc rock consists or clay.
Rcek  also contains  ma€ncli(c,  patcl`cs or
dark organic material, and about 5% small
quartz gmins.

How/a/S.  Slightly foliated.  Very  fincgrained
mix(uTc orclay minefals, mica and quartz.
Minor  small  anhedral  quartz  grains scal-
tcred throughou(. ^cccssory magne(i(c.

J4/rlpro/./c.      OIivinc     pscudomorphs     arc

H P.2 I .64,

rounded  and  up  to  2  mm  in.diamctcr.      HP-21.66'
Phlogopitc  crystals arc  up to  2  mm  long.
Rcx:k  similar  (o  tip-21.37'.  Euhcdral  pe-
rovski(c    crystals    scat(ered    throughoul.
0llicr  accessory  minerals  include  apati(a.
spincl and  magnc(i(c.

HP-21.32'          14mprol./a.  0livinc  pscudomorphs  up  to  3
mm in diamctcr consist orscfi>cntinc min-

with rounded olivinc pscudomofphs up to
3   mm   in  diamctcr.   0livinc  grains  are
paJtially surrounded  by phlogopitc which
is gcncrally better crysollized.  Ph]ogopitc
crystals arc sobhedral to ¢uhedral, up to 2
mm  Ions.  slightly  pleochroic,  and  some
are bent and dcrormcd. Inclusions of apa-
titc in phlogopite. arc common.  RIchteri(c
occurs  as  hmcllar.  bladcd  or  somctimcs
fan-chaped, strongly plcochroic crystals up
to  I  mm  long, and is partially altered to
scfpcntinc. Spinc] and diopsidc art major
phases. Magfictitc ind pcrovskitc alc com-
mom acocssory minerals.

L7mprof./a.  Rounded olivinc phcnocrysts up
to  3.5   mm   in  diamctcr  are  aJterod   (o
scrpcntinc.   which   typically   condsts   of
veinlcts  of  chrysotilc  surrounding  more
cohcrcnt patches or antigoritc and linrditc.
Rims or fincngrained  ph)ogopitc surround
au olivinc pscudomophs. Small phlo8opitc
cT)aals, panially altcied to gctpentinc occ`ir
throughoui the  tnatriL  Richteritc  is  also
qultc altcled. Magnet(c is the main a-
sory mineral.

#onz/a/S.  Very  fincTgrained  rock  consisting
mostly of serpentine and q`iartz.  partially
replaced  and  ovcngro`m  by  sclici`c  and
chloritc.  RaN=k  is  stained  by  iron  oxides
and  irregular  pe(chcs  of dark bro`i/n  rna-
terial that  may bc altcrod  organic matter.
Minor zjrcon, trace of rtldspar. One nzLfTow
rracturc contains very fine-grained ca[tion-
&tcs impossible to cstimatc pcrocntages or
minerals prcscn(.

Mi.xcd   sQrpeniini-.ed   homifels   and   allQred
/ampro/./a.  Very  fine-grained  groilndmass
consisting  or scri>cn(ine,  serici(e`  chloritc
and quartz. Sample  must bc very close lo
or  at   (hc  conLac(   of  a   lamproitc   vein,
bccausc   (otally   alicred   olivinc   pseudo-
moTphs  can  bc  recognized  in  pert  of the
rock. Small amounts or limonitc and car-
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H P-19.14,

HP-19.22,

HP.15.6,

HP-15.2l,

R.  L.  Cullcrs {t a/.

bonatc.  Magnc(i(c  is  distribuLod  (hrough-
out. In otic pefl of the seclion small phlog-
opiic  crystals.  A  rractuTc  rilled  with  car-
bona`c   mincrals,   bclicvcd   to   bc   calcilc
(staining), and qLlartz travcrscs the section.
Modal analysis based on  500 courlLs:

Groundmass64.4°o.a
Olivinc  pscudomofpl`s  14.{Xb
Quartz  I I.29b
Phlogopilc  3.4%
Carbonatc 7.0% (mainly associa(ed with

a vcinlc,).
#om/a/I.  Rack is very fine-grained and con-

sists  or a  mixture  or clay  minerals  with
clilori(e and sciicitc. ^nliedral quartz gmins
cons(ilutc  abou(   10qb  or the  rock  (based
on   loo  counts).  and  have  a  cl.oudy  ap-
pcaJancc due to ovcfgrowlh or replacement
by chloritc-scricilc as well as iron slaining.
Some magnc(itc.

O«arr:/./c. Inlcrlacking and su(ured anhedral
quartz  grains  make  up  lhc  bulk.  Small
amounts or mica, clay mincTals, and  iron
oxides  concentrated  along  grain  bound-
aries.  ^vcmgc quartz grain size about 0. I
mm. ^cccssory zircon.

Ororrz wuckc. About 55% quanz grains and
45% matrix (clay mincTals, fiTicly dispersed
quartz and  mica). Quartz grain size is less
than 0.I  mm. ^oocssory ziTcon and rutilc.
For the  most  part  sand  grains arc  not  in
contact with cash a(her.

Owarfz  "]ck...  Mucli  like  HP-15.6'  About
45% quartz. any mincrats,  mica. and or-
ganic matter make up the matrix.

DDH-2.39.y     ^IIclrcd  lilmproilc  alid  IIurllifck.  The  rack
•             consists  Or  two  distinct  pofiiona  OTic  Or

wl`icl`  is  coarser-grained  and  can  be  rcc-
ognized  as a tofall}' altcrod  lamproi(c:  Il`c
o(her may  bc an  altered  liomrcls closc `o
the   contact.   AIItiougiv   thcrc   is   a   vell.
defined  contact  tx:twccn  the  two  in  most
i]Iaccs. inclusions and one vcinlct or allcTcd
lamproitc  cocur  in  the  al(cnd  homrcls.
The  altcrcd  lamproitc  consists  of olivinc
pscudomorphs complctcly Tcplaced by fine-
to medium-grained carbonatc and smaller
amounts  or quartz.  Staining  or the  rock
and  X-ray  diffraction  pattcrTi  show  that
Uic bulk  or the caTbonatc is dolomitc.  No
calcitc  or  other  carbonalc   minerals  arc
detected. Rcmrrants orphlogopilc can easily
be  recognized.  The  groLindmass  consists
also  or carbonatc  (dolomi`c)  and  quartz.
The homrclsic portion of ihc rock consists
of a  very  fincngrained  mass  of orthoclasc
(XRDidenlifica(ion)  and  lcsscr  amounts

I  ,  Of calcitc and quartz. ^pa`itc and magnctitc
arc common accessory mincraJs.

DDH-2.43.4'    ,I/icned 14mproi.ic.^ About  17%  or the  rock
consists of scrpcTitinc pscudomorphs ancr
olivine which altcnd to dolomitc and lcsscr

Rose Dolile

DOH-2.39. I'     "Spov/ed.. Hom/a/s. A very flnc-gmined mass
of clay  minerals and  a  minor amount  or      DDH-2.45'
quartz. umonitc atid/or organic materials
impall  a  brown  color  to  lhc  rock.  As  a
rcsolt  or thermal  metamorphism  redistri-
bution ororganic maicrial and iron oxides
has aceurred.

amounts  Or qLiartz:  in  some  grains  Tcm-
Rants or scrpcnlinc arc still f}rescnt. About
30fl   or  the   rock   corLsists  or  very   fine-
grained   phlogopitc   in   various  stages  or
alteration to cafoonatc, which is probably
also  dolomilc  (no  calcitc  dc(ected  by  X-
ray diffraction). Some or the phlogopitc is
difficult  to  rccognizc  except  for  its color.
The rcsl or (hc groundmass consists mainly
or very  fincngrained carbonatc (dolomitc).
several   percent   or   opaques.   including
magnctitc  which  i§  a  common  aocesory
mincTal, arc prcscnt (probably iron oridcs).

I/.mcSionc. Consists or very fincTgrained cat-
cite.   some   quartz  and   Tninor   opaqucs.
Quartz is only round  filling in poms and/
or vugs and (hc calcite around lhc vugs is
gcnerally  fine- to mcdiumngraincd.

DDH-2.47'        J}i.aspari./c.  Totally rccrystallized limcstonc.
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