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ABsgRAC€

A  r&dloaotlvL€y  9upvey  vaB  made  over  Rose  Dome,  Wood-

Bon  County.  KanBa9.  t®  attexpt  to  locate  any  lgneouB  body

which  night  be  ppegent.

two  tFaverseB  acroB8  the  aone  appear  to  lndlcate  the

presence  of  the  gFanlSe  ®n  the  done.i

IREROZxpC9ION              ;

Rose  Dome  1g   located  izi  Em&nence  gounghlp,  Wooason

County9   .ifen8aB,  apppoximat©1y  8*  miles .South  of  Yates  Cent-

er,   qr  I  mile  we©S  and  g  mile  ®o'uth  of  Rose.` Kansasi    The

RES  of  the  SEg  of  SIS,   g26S;  RISE  18  pazr8ially  ¢ovez.ed  by

the  granite  boulders.    9hl8  corLstLbute©  an  area  of  about

40  acreBi    anoBt  ®f  the  gz.anlte  exposures  are  directly -ae-

soclated  with  the  5  proznlnenfa  hllLe  of  the  @pea.    These
•'i

hills  have no deflnlte alignment.
¥hlB  radloa®tlvlty  BuFTey  was  made  to  debermlne  wheth-

er  oz.  not  raalo&oblve  anorialle®  tyepe  preB©nt  ln  the, area,

and  lf  eo,  She  relation  of  the  &nomalieB  to  the  occurrence

of  lgneou©  I.ookB'

Ppevleug  Woz.h
\

givechofelt+ {19|7?  p+  363} ,,be
J;a-'`r   i,                                         ..       i/-i.)

ed  the hllae  owed

their  d.rlgth  e6  the  re@1®ean®e  of* the  bdulderB  ae  coxpaz.®a
+.-      \                                                                                                                                                                                                               \

tflth  bh®' pe81Bcan®e  af  en;  9urpoundlrig  roan.    H©  oonoluded
. `                                                                _`.a           .

tha€ .the  t>ouldepB  peaohed  €heli  p®el¢1enB ,through  che  ag-
•-iv<`      -`      .                       -+             ,

enoS`9`f.,,|oe;      .ji-I.I                           ,   ,`    .,,,.
`             ul  -`  -

Peve+rs  {19&?i  p.  150)  BuggeBtea  ehat  the  bould©ae      -`.,
•`                                          c. ,i                                                                                                                                                               '                                                     `

tier®  a®rilved  from  a .`l®oal  granite  ©lerratlon  *hi¢h  vac  unL `
-,                                                                    I           ,                                                                                                               ,`.      `

.,

deag®1rig  ®roslan  dug.lag  the  depo€1tlca  of  the  WeBton  ehalea*

`.         2  f=j`y;i::,-``l_`|{`-`

`,,+  `-



Carton that  the  paz.ent  rook f or  the

granite  in  Woodson  GountF,   .Kansas.  wag  to  be  found  on  the

nopth©rn  end  of  the  buried  mountain  ridge  of  central  Ifang&s.

In  a  la`be¥  paper.   Twenhofel  {1926,  p.  412)  diBc&r'ded

the  idea  of  g1&01al  origin  foz'  the  boulders.    r}'e  recorded

the  presence  of  contact  metamoz'phio  minerals  in  the  Shale.

Hle  concluded  that  the  bloclas  ape  Surface  exposures  of  a

granite  mass  wliich  tnt,I.uded  into  PennBylv&nian  SbrBta;   that.
this  inbru®ion  arcked  the  Btrat8  intz.uded.  and  developed

contact  netg!mortphlc  Elnerals.
ria-*enhofel  aqS  Bz.emer  (1928,  p.  758}  recorded  tie  fa.ct

that  a  well  dr'111ed 3  miles  Southeast  ol-  the  Rose  Dpne. pen-

etxpted  a  black.  rock  fop  9.  thlezrmesB  of  log  feet..    The

blac}€  r®c.k  was  identified  as  perldoblte.    They  su8g®Sted

that  the  perldoblte  18  a  alke  op  lntz.uBlve  sheet  givHlch  ls

connected  in  Some  way  with  the  Rose  Dome  lpbpup,ive.„¢

hmlght  and  Lendes  {1932,  p.  15)  auggegted  that  ''a  par-

ent  body  of  meigma  flrBt  ant:ruded  the  crysb&liine  shell  un-

deplying  '7foodgon  and  ad#aGent  countleg.    Cupolas  on  the  top

of  tnia  deep-seated  ignaour,  body  b!`oke  throush  the  pre-
•`,

6Bmbrian  rooke  and  aFched  the  overllylns  sedimen`tary  Strata
•i\`'\

at  the  8eme  Sime  gendlng  out  dike  offshoots.    With  cz.ystal-
;`

liaablon, of  t'fl\e  magma  lri  the  cupola,  hydrothermal  solutions

Were.,33Spel}ed  which  worked  upw&r®  thp®ugh  th:.. roc!zs  eau;ing

metamoxphlg&  ®f  the  ghales.  Sandstones,   li"e8SoneB.  .and  . r.
|r

gone  a?. the  dltrest'.                 i.`
\`.

r`adloactivity  Star.vey

This  raaioactlvlty  Survey  w&B  zEade  during  the .month  of
.                                                                                                                                                                       .'              -..

H&reh.   1948,  uEiing  a  dei8er  counter.    one  iastrium@nt  trgiB
-.      ,                                                                  `    ..

ohee¥ed  for  cosmle  g]adiabion  auplng  the  course  of  the..'eurvey..`  :.r.
'.,

J`



and  the  checks  averaged  11®.5  counts  pezl  minute.    A  B=.unton

coxpass  was  uB©d  to,lay  ot!t  the  traversed.    Two  tz.averses

were  uged,   One  trending  tt20W,  and  the  othez'  tpe.nding' hr55E.

en  each  traversa  Btabl6ns  were  pl&®ed  at  30  foot  lntervgils

&cFoss  the  dome  fop  a  diBtanee  of  GOO  feet,  and  at  300  foot

ir`.terryals  for  a  alstance  o£  3000  feet  op.  eitl?.er  side  of  the
f

dome.    The  travez`ses  crossed  in  the  centeri  of  the  dome.
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vey,.who  gave  helpful  advice  afid  infor'mation  on  the  sui-vey

area,

GEorm¥

i:he  i.Jesbon  Shale  ln  the  Pede©  gi`oup  of  the  il3isgou'i`1.  ,

series,   crops  out  over  most  of  the  &re&.     iTie  'IJeston  con-

tains  local  beds  of  limestone  and  beds  of  shaly  and  even-

bedded  saridsbone.    Beneath  the  West,on  az'e  severs.1  hundred

f eec  of  lower  Permsylvaniein  sedimen.as  which  are  ip.  tuzSn  upi.i

ly :.:±derlair`.  try  £.€1©SiEiE}1ppian  Sedlmenta.,   mo8tTly 1me8t'ine.     ii`5apine  +...

llmesbeneBS  and  6ome  8andstones  ol`  CazB-opiazi  and  Ordoviclan.,
-

age  iie  beneath  the  iBisE}1gsippian  sedlmenbs  and  over.l£.e,  the
.I

.          .f-,`.,

Pps-CagBbpian  gpanlte..,fa       w      -.
i .-`+..`.

In  the  BUFvey  az.ea  €ne Paleozolc  8ediments  are  lnt"ded
`,

'ny  a~g,F+anlte  ma9e. ,  ghiB  ine"aion  inter6ectB  tlie  ffilsgour.1

sedlnents  and  ia  Bher.efore  probably  post-nglaBouz.1 `.1n  age.

Easls  grQF.  9.HE  su.mralr                                             +

a!o8b  igneous  I.ocae  ape'zBore  r'aaLoactlv@  than  any  of   .

the  seala!entBj-   "e  sealmentaay  poc]s:a  oS  tile  eartri'e  c"gt
=T       _`=r_.       _                                                                                            rd         --                                                             ,

are radioactive  lri  different degpee8.  ,denep8}1y,  dark-colored
i!=



Bhales  ar'e  more  padlQBotlve  thgl  az'©  Sand9ton©s,   and  Band-.
'a.+.~              ,A   -..-.-  ``~.                     +-

gtonea  ape  usually  moz.e  iadloaotl:tr`e`-€than``pure  llznegtones.

Thepeforle,   iS  Should  be  poS8`1ble  to  deseot  the  pregene.e  of

lgneouB  rock  ln  e©dimentary  8Brata.

P.esu Itre

i]hls  survey  anow9  a  high  Fadioactlvlty  an§ng?y  ln  €he

cent`er  of  the  dome  {FigureB  1  and  2'}.t    This  anolnaly  la, of

the  magnitude  of  19  counts  pep nlnute,  ;nd  1g  present  on

botl!  of  the  tr.at'erses.    h7o  othez]  a.aunts  on  either  tpav©rse

tw.er]e  as  great  3s  t#e  count  &t  the  oen.t,er  of  the  dome;.  .rather,

all  6'ther.  countsulwere  Bpproxlmately  average  f or  cosmic  I.ad-

1abion,`
\

\`

cO.ngcLt.7sloa¢rs

t The  high  radioactlvlty  anomaly  a.t  tit.e  center  of  the
dome  appears  to  be  caused  by  the  granite  arid  not  .bF  the

surroundiiig  Sedlment@ *
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Silbsto.n©9  i7ery  light  gray  (.R-8)S  very  finetry hicaceous
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-_-~_   _ ,\(lorn 7/h

mLcaceous9  may  vc`ay  Small blebs  o£-  iron ojcid®  t{]roughoui>.
9  very  fine  grain.edB . {`Jelidrso.ried8  slightly

a-onerally -fail.1y we!il-bedded  and  tii£.n  bedded  {1/16:I.  %o  1./hw )a
Basal  8W  is  cross  bedded  ar.`d  contains  very  .]i]any  Small  gr.agrfnds
of  carbon&ceons  matter  .on  the  bedding  plafl©so

§g38:5:n:£ev££sL|:8¥:gg::gu£"£}fL3tv%gc€;n:eg:::E:g9b;h±;i6ig
bods  9f  carbona.ceous  rna,tber b!'rat  €onbalns  .a  fehi-ITiica  plates®
Lctcaiigr  the  cafroon?ceo-a.8  beds  are  len.bici©s  that  feBbr]er
out  1€|terally.    Small-scal®  in.brafo-enalGiron-al `ftoiding  ig
present  &b  i}h©  topo

Sandston©9  very  light  gray  (N8)g  very  fine  grain`ed5  masgiv©9
rela:bively  porou8p  sligh.Sly  }T!|cac®ouso     StronglF  Cross-b©dded

%3:a}a±yina::±¥`€::c:g:: Si¥;:£:€ 9  ±g:6¥Q§#=8 ::aE:%`:8E-:i°Eg` €¥e
underlying

5ilbstoneg  medium light  gray  (N6}9  carbonaceousg  very finelgr
micaceoas®    Bz`owni8h  lenbiciilaio  units  thz:ious:hour  &t  ini]e=.valg
Of  a fcot  or Slightly lesso-

'

•`,`

I.
\,I

1¢



1                                               ^      .`                 5                                   \              .-`

I,r

A      .CoreEol©#2                      *

h`

®i
t\ '

250e   sEFbofshaLJLft         t         ,

oa;£o,         ,        i¥:a¥®£::: ggEbc::±=£gegfg,r {58 7,i,9 V®¥¥ g]£gbbL"

EseHchd    s8      15£
`.1=

I,(''ii'

Rchbinng

£aLri.r£!`3-`6clr2eB  1igife  olive  gmgr  (5¥  6/i}9  sligntky- micac8ougg
a:zc>ss  't3edde.d  tgrwara  bas©G /
Glfty-S*boneg  mdiun Hghb  grQLv  (N6)9  co.whains  a  liJOSle

r{:::.;¥:`::ij:£gi¥3i;;;g=¥:-c§.:¥ym-:!±riij.3ii!.1:g::;£¥;:::;i;-:-3
en2d breal`rs  alcng' `ceeddifeg plcEi-s6                                    '        `

\.

I.I        `.

'\.

''
HrJ

(?
`<``

^                                              ,       ,i

t'`
'

i,

!-,

.  i   1 ,-,.,. i   t[
\`

`1

i(i



I
\,1

Core  Elol©  #{  3

•bn  i6'

SD  iio'-
¥oP®    .
•rifeL`bins

8h`

I

3308  SE  Of  Shaft
`. QuaribEifeeo  pale  g@ilorfugtT brot,]p.  (lorn 6/2}  to  r,ioderst8.                L

#%n.cagwhresgn¥9¥¥L5:gYEctE£:kt:?;a±:g#i,¥Pool®1yeilicifiodo

i'¥-3-gj23:±S}¥35:%£rfn±:;tag:.£gafg$7£2!a::o|{rm±g-b°ELe8i.ay
Shal69  mgdit.un. griay  {N5)g  7+-erg  Blig'dBfty  siityg  a i'iifei®  ,
clilo=ite  along  5OfLnt planes  in upper pREp€a   ,hot.J®¥  perno
eoi]ta-inns  zttarv .roddiBh  iiroris6one  co.ti.czT`3i;ioilg®

``          r        '                                                                                                                                                                                                                            I

`.I

'`-.
`\.

f,

I`J

/`



I-

§8¥jBS±r£:9&8¥i:3: £gff8:o£-8g: i?,€±i°b:3agd`i:%°:3¥gfty.:`  '    `'   ,
cross  Tseddedg  marrsr darfe -bLebpmae  aiseas  in  lowoF pa.rBb           .  A
I.I

LIC=

::!£.`

..-\

I/

.L

/

t?t

•`         -i                  1
J,+

`t,

i,
r               `J'..i      `

!,+.                     -
{.   `~-                              I

i4\f``t       1
(                     .'      +     :

1

i



-,
-,`"`+r-   .
!L

:I      i .-....  I              ,..- '^        ..                `1',

rl'                           ',-     I
1
•11

(          ,          .-            I:.I                      .I

I

.    i         `        .'

Core  }tlc)1©  #  ,<5`

0±|8S\'`   .;    Ireland

E®  260
-i-,a   I-an.

I.  t:  Robi.j.inn

r`.                   `

`..                    `          :.;-r`'

J',
+

•«

1

r\

`.    ,.      j~                 ,

`...

I

3000  W  of Shaft

•  t'` ,  8gttb3±`t££,a¥:-B-c:€8.nd±o8g!}'8.!b-;'±£hE#:3gt:ttgg8!a¥8h :'    ,t

r£`-ShigLii#S!;eEL:¥;¥:i:ta:top,ere:;g ±:L±:a:'£t3gbs:¥sel5r      `   `
ire.brq`jreclral  cr,'st,chsS -uent€#Lvely identified as

\

i.J%]¥gt{ed¥;L'3r:£i¥:®{RT*1##is¥8f8.=-%:iTbeft::te:nisetion.
t                                                                                             1         -                                                                                  f`                                                         ,

t
HN

\

`,t

`\,,t,`

\

7)



I
^I   `i   ooae  E'roife  #-  6,

`   '`           Oaal90              ,

Iaelat

I

`            60.3.I.i'.r  of  shaffi  ,
t

%g!-5=nivo!!g;":i:-;g:;®=iL3:gig!d!:ae:;E`:!5!:;-i!!;3n:i,e:-Ti,gl|S',
Si:Lit:ff.a    Cenrentafoion. less  coxplet®  at  .Das8o    Slit7irbly  to     .
rm{2e,?'gi+©ky=  mlcaceous  \sii.`',}-3.Gnsog  corm.on  near  ba8ee               , L

a-Hi}gi3one8  1igtit  grasr  (F.ny)  zrmc`n i±mGagr  divided  caieebona`ceous
RE±bt.er.    S1£ngifelF  mlcaceouso   , '

1

t     `,     '.

i

'J'

'j

/

r'

'.I

`,`   `„ri   ,i:i +

I,`J

j`.i

\Jt]          ll'

i,-.     '       '
I

`[.
~  ^``£.,

i-1

i



Si

't+

\

t'-

'L

'

a

`.        ..          =.-.`+-.y

/-

i

895:#E£¥g¥r¥i{.g3gr`T,:/£)s3rfe:'3;i:fEfreng:,
f:lanof-:.t,8%j

crog8  tiaddedg  8iigifel]r  to  .moc36rat®3±r  nicacaous& ``
?

3t:a:Je€~ngv°gi?al;38:3engfS:tgRfi':Lag:£g8t=ife#Sgg£€gri
Garrfeor~iac®otrs.                                                                                                          , I   /

(`',

Sandgtorreg  gray5.gh' orahg®  (ion 7/ti!9  very  I-inp@  grain®do  I  I !
LDJ±--t]_   _.,  __  ._______            a  .         h~Bineiy rfuea.ceouBa    ltocal|y  cross  bedaed®

\.

\

I,`

.rf  ,+`,I

t

I:, +  "

\i.,.1           ,

a         `    1         ,

-,:;-:I(,:`L`.         I.   .,     ;

t`'`::;+.;`::".`.:-:,`.I:,:`,`''1      I                   '       ,',,,'

``;`.``        ''`,`t`J.                       +..`t

":,t`,              I,,.       '`.`       I.-:,      ,.I



',.

-,        i?`.'               \
``!',     '

:~rcoae  !!ol®  #  8                  \                    2cO9  S  of  #.?

.iti

}

i£1+`      ..

\.;
',

I

•t@  1'5e

a*i'
•..'                       ,1

to 18j5!

..

•So  21S

S.Do
I

93r:Z±:£,fyv£¥Su;gtiar?a;ipc:¥3i.bgitk§hd=!.±±::':8g3¥E
i;i2in, and  acgtilaF9  but  locally.cross bedded6    Siigtitfty
.TiiicacGous

Sar3td.51.6onop  v€.ty  fi!igt a.qgi!2ed$  light  grgi.vi8h  orarnge  (lorn  8/h)9

%€f¥i*eLro8:dg§d::i.bans..:a:®¥u;rm;:¥®|£:Sd=iai¥:agg¥E2€'©ily
f.i`Lls®n'b  but nob  eemlor.a

gflts.8onoo  lial3t  dire  gaa}r  {'*LP  6/l}p  .ITndry mieet.;ecREgS
8uncfy  a.b  has©e

stonng-conci.etiori  (?i  .oTre5brfu:
+            ,\              `'

I

!iii#.::::#f-fi:Jj!:3¥i:¥,I'i~:fi#;.::}g;:gi`=¥.r`o,
i

`\

Sbaloo  irodiun` 'ligTn.?. gl.ay  g:±.{6}9  v®g:y  glig!ltky.  Sflb}-S  i£.en-

`+'`   i
n     '(        /t7

€.,

I.P`

'

'    .       ,    \`,`
{'=,

t-`'

-i,T`         +--+

)``

:'*

\.:t     .        .`f   ,i.    .`t,,`

i:,    ;`        .'

•''..,I.,jyt,:¥`t.i;

th

`     i'          .`         t

;     ==T!..`:.:'J.`\         '

'      ,1,   1



troHj ±`firo  gi`&inod raodoi.atc~Ijr mi€acGoug  ar,ci  ;.;ray  em83l
c&.-BoriacGo`dr"  f£-agrT£`.F`+-63  1ocarm;ra     Lo€ch3y  crossq>bedcted
dire  s{.rifnfty.a:ioddef3o    Sil'lciflc,?.tlon  .T:efi©ralky-  Soxple'be
i)ut  i3  local+Sr  inccxpiG.tG I-I:3r3se  bedding  i8  n}ogt eviderLto
g}aig  beddtryg  is  dn®  to  t{3in siltsteneL ban.ds  1.iF,ich  t-so=g
appaserfu±]r nco  a5  readii5r per:made. a ty blre  g3£E±eiSmife2g.
golution®`   '

\                                                                                                              -c                      I                                           I

Sbaleg  ffiadiun` ligh.b  `gi~as+  {rJ6}o`.$6xpt a.fighfty 8i].8gr. ,  Soco
-._              ,         _              _ironstor2©  concr@ticREa.    --           :{`<`     J£

`       F`:..~            .               `..1`
I                                            --¢              ..

i  I  "-,t     ``';-.  i::,   :?

J`1

i        !ts:,.,:,.`¢,    i

1

t,?!`:,,;,;.t?(

i   „.i:
1\

.  T`   1`   .'`'

•i(

OdES  !!C'ife



lfi

i)

i
8001  a  oP  Shaft

'.Ji
'    Core  Hole` #  10
|i..

I                                                                                                                                                                                                                                                                         .     -,*

„        ±Eaf#z±:39peL±±gftigfagrfnT{5F37[Sre±:n±£gte:agtf±: ug£;gp`,
p?ut coxp|etely silicifiodo   Lower part only partially
s£|iciLf'ied.    I..fell `oedded,  locally  cro§8-beddedo    Very
fine  grainedD  1.roll  sorted,  sligife|y mieac®ouso

Shal©9  zriedium  11gife! gz.ay  (rs6}9  unalberedo    Sois  irori-

3;..`.t.3t;:,-3:i      ,     ,:i ``tY=`,

t     8bon®  attop&
)

\
E!

-..,::,,a-22'
J`   ,t

')`,;       I

fT,i.,-".j
`,         "            `,        1

`..I.I        .:

`i,-            i      ,`
I,                          `,     I

T                     `.             ,           '*

`/`

i,      t,:.a      ;r            :,.`.



Core  Hche # n

OtD2 a

90%  recove.ry
Has]{en  I.so

)t'                `` ,.

1h,       ,                           ,',,

'..,(+?,      topi
+r  *J;I  tiniand ` Sh®

::`   f    ```t-'  &-     i,a   128  '

.'

`}{

'J         +Ui`.;
'

I

:j'

J

The-uppezmost  5  in.cheg  c;orfeains  many  smana  ¥oundisri  to.
iz'regularly  shaped. wrjite  quarbz!  which  may  aepnesen.+8
fossil5o    4.i  .b!]e  Outcrop  I  have  found meta irgs![e}i ic!o
that looked just like  i]his  and didr.8t  =eact, Bo  acid
eitheFo                                                                \

§i02  dar`k  dz'ay  {EL'3)a  gearmad  tdrth whi'c®  veir2|©t8  of  qnaatzo

8:±i83v:arrekp%¥n{g3h¥L::]pe¥::tecg::-n:::a¥fo=:iigff¥:a:)
pal+u  of the  Viniand  8hale®

/.

S}}aleo  medium light  gray  (iT{6)9  sligifely micaceous  altor©d`  to  quarizit©  practically  throughoutg  ©*cepting basch 3
J    in€hosg  wP±ch  is  sop.'b  arid  unal.b@redo

w®stphafi& lEio,
1,

1'

to  150
;.    Tor]gandxl©  sg

`};`

'
<.t

A\

\

\

?g82i/Z3:nge#:gvt:&P€ala:{£:::ug£.i:Bog/:ieg|dgE±g¥asb:u3vai  I    '
.shaped to  circular.9  that  look as  though- they mign-b  ,
oz'iginal|sr  !iave  boon Osagia Algae  oz. fu§ul:±n±d8o    I thinte
this  iB  the al.to.nod W68bphaliao    J'

Quarfeziteg  light  bz.ounlsh  ggay  (5rR' 6A)  very thin bedded, .

:.::ufrngt=:::¥]Saft°!}jB o'£Q§i;ng utrit@®    Softer greenish mat©ri8iI
\

I

fflca  sock  gff;yi8ri yellor¢  {59  8/h)` to yenowish gray  {59 7/2),a
-_,,,,.~CutbihgB  Onlyor  .NO  Cor©o

lz

•.-i            Jfi             ..```                 :-.i

\,

•-                  J      `       i

i    ."       .,,

'1           "3'r',t`^            J-
•7(I

+.\,

/  '`p,,

`f



'.i  i ,     ;    --
1

\

Shaleg  gziayigh orange  {10m ?/h)g    punkyo    INo  a.ilicificationo

SandBboneg  grayish  orar2ge  (lorn.  7/h)  gilight2ty-  3ilicifi®do
very fine  graiLledg  1.Jell  sorfedg  "©EL bedded  but  locally
cE.o,is  bedded®    Siifey tchth  carbonac®ou8  fragnends  toward
basoo                                                                                  ,

Shaleo ,1igne 'g.ra3}  {N7)9  vezi+  sHd:htly` siityo   .    `
.i\                     `         .'!.+              J`

"       L                     ',`'

v,``

i:r`.,,,`

I    7,t+;'.:."           ;\

`     .....,         I.'...       1S:

`3)I ..  J~ ;-I.I+-.-   i.
¢

I..ri                                   in

'J

Co*ng`Hdle  i?  re

Out''

J,i:f       "

.1

[``

1~1         _,*,

2709.I

r}t=
h'

:;i;..T

]`         E6l

+                `.,:a      1           +.
.,,

1`'



blobs  thronghout®    Well  b8dded,locally  cross  bedded®   L                 '
:"   §ilicifiedcompletelybhroughout.       .>`.     ,."    `.`                t       +      ,       I

•t               `                                                                             .        `

medfuni ligife  gray  (N6}$  81ignd|p  siltyg  micaceous.i
}

Shale9
`.,,

i

•L;i;:).;;::`,;L*.A;:,:;.''.a...ytt

1`      "   `,''    ,'`
k`!1

;rt:A:;`:-`i,.t,;

`          '+;:

-i-.        .I.\     .`

'f       +,.    i

{-      i    .,    .

lL

i

'J



+;   `Co.ng  ilole  #  fry                   `

\``:-.,   i        ,:`   `-];.I     ,i    `-

:.,I/                .<,

h~
+/i

r

•'t

),
7

`t

!lr.,,-,

I,,

P

4'r

7

t`'       i  Quarfe&ito  at  the  top  er2d  th-en-an  miea  iock®



:,.i a,ore  ltole # 15

0-?o3,
I.<.. Tongano3de  1',,

.i.:.    ,  +i  r `'   to  .8.8'`

`                       t                            .*          I.        .     I
I

'.,:   ,-,  to  18,             :
•r;;;-(..      '..I              ,`

tT
|.t`

rt

to  21,           qj

Quarbzifeeg  very  i3.ght  gray  {N8}®    IIa§  distinct  greenish `
and bluish  casts  localiyo    The  colors  ?re  due to  addition   ,I  of  gr©©ni8h to  bhtish  qua'rt'z  -in  i}he  interstices  and  as

I   partuial  replacem6n.b  of  limonitic  biebs  (?}o    QenGrclily
nassiv©  and  .unb8dded  ©3[cep-u  near  the  c®nt©r,6     VGay  micac©oug

`.             `                        t                                ,

:.¥a£.€:t=£+u.:::k;g:g{.£L,33.ttf[ttTeo¥:±§E:asg::g.{g23s€:n:i::Eng.
Shal®8  the  shale  being  iine  dark  grfty-o    The  shale  is  c)nly
pai"bry  sj,.1icified  near the  base.    }flca.ceou8o         I

L

'  parting8  af bl-ace  siifestone®,   Jilicac.eoug.    Very  fine,grained..

Silt.sbon©  and  Sandstoneo  aitemat`ing..in i/8"  (ss)  and      ''    1/16`"  (slat)  bedsl    The  slat  ig  neaL"ly blac}¢  and  very       ,
•mLcaG.eous}  and  occurts  as  veg:v-thin  leni]icl©s. intenlaminated
in the  sandstoneo    Relatively  urialtersd®     -

\

Slst9  medium  dark  gray  {Nh)j  very micaceous6    A  few bbds
of  very fine  grained  very ligue  gray  (N8)  `sands.'cona  inclndedo
Sofb¢  relatively tinaltered.       .. „               i

\

r           `"'    '`

`       `     I `'

\

•.t`

i,   '17'=`"  <:`#   .  i„
+    ~`-       .'tI

`{    .:.       «1      `   -.,r

i'/

•?.       h                     ,                 -.`
)

a!:,,,,`1'.,':,,;i;,":rf:,,`,;-:t,



1

gg:;°{3FR3;¥;'i¥±8Erge:±obe#s;8Eg°fiim;£:LIrv:;ghfa:::::js.*

I   :i ,.,-,, :;,:
\.I,',,'       a    ``

A

Core  Hole  #  16
1

'1

''j ` `  8::gE;a:£ :£ :¥o=aTP::deb-38:3 q±nTat£:±±:n!:3:k:dt:gc=:

\
No  depth  givenor



•etyrEe  -H.bhiis  # ¥]
J7

Oal''
Tongchorie

bo  bo88

to L1'           t
`  ,T®Do

•=`W®ctt,on

QuarfuBifeeo  very  light  _gray  {}g8)g  i7ery  micac®Ougo     Very
fine  grained®   Song pistachio gzBen alt©rationd

siifestorre9  118lit '01i-i7G. gray. (5i' 6/i)  bez17 rfucacGouso
8ofi333  unali}©aedo     Grade  doh.7rmi7aind  into

;haleg  silky;  medium gray  (ET5)9  ue]l  `cedded,  micaceotrso
'

J\
*.i
'..,.{,

)-

\

I
\                                \'            -,   `

(,                      ,+               `                                                 1                                 }
•':                .I      i

I,     `             .r                                i

1                                                    `'+            `           7
j

.1                                                                 }

..I,
`.,/

\

I

.`    .            J+

r-~       t          `.

^'

"(`.-,,.

\.

'`.\-,`'`

'.'i  ;:I;:.+,r'-,1       hI.'

tl

•;J..£E,,:',                  :



i.i

.r)

\             ..             ,`                     ,           =.I.I

i

`'   O-hl_®6``           1   .No  Core  -a-eo®  Hillls  record  shows  this  as  mica rock6

{g:reE7f+, p.€:2co;1::n:=g  €3±o;,i;.,.mof££:€:+:i;v:o::::,n    ,
grainedp  large. alziber  coloz`ed  mica bookso  black .ncariy  `

LqLx:fLm®¥§±3:e¥gf{=±%±:¥t;:,g;ae:naro:aE::t:cL±%§;:::a,„.,
vein.lets  cut  the  coreso                `                                   `

`^

(N3)9  fissileo  `no  mica or silt  or i±on-
\'

a
r       .I..

a;rgrv.Shaleo  dark
sboneo  `

<             -         `\`.I
+             ,-a+          ..1`

I.          .       .!`
i.i

.''     .`;I

.*,.th®6-66i

to 72,
T®D,                   1

IPl
rf',i

T', twest6n  Sh



'fi.adrents -are  darlc  plnldsh  graLv  {5.YR 7/1)  "Jith rmrry  fron'.'
biebg a       ..

I

TH.ofue # T9

QTna+uzit.eo  rsediun  dazE[  gray'  {Fth)a  br8coigted®    '±  thiri€     ..'r
this  is  IIask©116    Poor  recoi7erye

I

Q{nardBit©9  dark  graF  {N3)  unb©dded  fro  wan  bedd©do
1`fizrostoneo  genera3+y  ligh.b  gray.  {N7),  Xconsiderably  altered   '-;'

ioc`chly but  O§agi& Algac  an¢  calcaneous  nature  Still  quite
obvious a.`                                    I                .              i                 ¥                                                     '

tol6''       `.   .Ji
`T   vinlarid
•L..  t0   all             1£

Wostpilalia    -^

'+:    Sili]stormp  medium  gi-ay-  {N5)  very  mic&ceous  and  .thin  bedded.a
Irfeer|anir]ae  are  ligife  colored very fine  grained sso    This

.,   `P i    ,  is'  Silicified in local.areas®   ,

``';r!g#:1£!;i::¥i:£::#}Zif¥¥dp::¥jE£*:;lords::¥§:g::y
'`'     with  a  fen calcite  veinlets®.    O,]n|y locally silicified  and   _ ,..-

i;hen  6rfuF  Blightlya+

(

H8
.I`B'd

i,
-`.

'+
`,\,[`

1,.`

i.  ., j, : .-.,     ``  r',    ` +I



1

i   .I  i.

*{

''
a\.

Can  Ho-`1e  #  2o -T  .      `..-\
'\

•0-8®5i   ..      r        Quarib8ife©9  very  iig}it  ggray  {}`]8)  1occhlgr  {tht`h  a  distinch

' ``       .'          ~,      i:©ri;g=±ig±:;Rit£±hiLv:'`£?  in:Lcac©otis9  iilii¢h  ended  8re©his+I,.

F±

`®\

bo loo

t     ``      `       to3i'`¢

{`t

to  3S®8¢

t}laiy,  y®11crwish  gray  (5]r  8/i)9  may b©  albegatlon  ppodued
of  something but  seortis to fi3| this intervalb    Ve.ry.poc}z.

•'  reco`wi`ry®         `     .

:,§ggigine£/Z;#€8h€88fa£:i:830,:g:gi±:g±¥a€:8tp]tb=:i?e
Sandstone  generally prBdoninatingo    ss locally silificied6

Siit82uon©91igha  olive  gray  {#  6/1}-i.rife.n  a for gg              `   `
inder`bed8o     Very  micac©ous®                     ,,

ul

•..+`!33:#P:£::ge::8hsan8r:¥Lfg63:`¥:g8rn8h:Lfd;¥tyo'fis.sileo

.       J5-f  i

`,

-\'

.i.

'v                ¥`'

£-1.-                      I         ,`             ,,j

`   `,.                             'r,.

`.                       ,        .           ;~.`            `.`+           .

r\

hL,

.,
i'

•`,                         ./,                                   "
L         `..                                 `,,        r         .]

•`,

}`



th\..

J=rff,

RREORT   ORE  .i[=Alv-sji^s   THIRT  sECIIonT.s
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Thin  Sections  i-4 10-12 alld  i_Z5

T_hese  sections  are  of  sandstone,  i;hat  contains,   in  addition
.

to  quartz,   val.ying  amoun.t;s  of  kaolinite,   ser\icite,   and  limonite.
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occurs  as  inclusions  in.quartz, and  a  few  rounded  grains  of         ..

zil'con  were  also  not;ed.     Sericite  is  a  distinctly  minor  con-

stituent  in  i;his  section.

Se.ction  lo-la  is  somewhat  coarser-grained  than  1-4.

zircon  and  'sericite  are  more  abundant,  part;icularly  the  latter.

I.ikewise,  limonite  is  very  cormon;   chlorite  is  not  nearly  as

abundant  as  in  section  i-4.    K'aolinite  after  feldspar  is  also

pr.esent.     Fe.ldspar,   some  of  which  is  si;ill  unaltered,  appeal.s.J

it  is  plagioclase  from  the  indices. .

Section  i-25  has  a  somewhat  dilTerent   texture  i;ban  the
i       o`6her  two  sections.     Th,e.  grain  size  is  approximately  the  same

as  that  of  i-4,`  but  the  qu.al'tz  grains  are  more  r`ounded,  and,
'whereas   in  13l`ie  other  two  sections  qual.tz  era.ins   are   in  contact

with  or}e  another,   in  this  section  the  subround.ed  grains  are

separated  from  one  another  by  much  I-±ne-grained,   int;el.stitial

kaolinite.     In  addition,  there  are  thin  layers  rich  in magnet-\
• ite  and  set.icite.     'J]here  .are  also  layers  rich  in  sericite  with-

out  magnetite,   and  thel'e  is  also  inch  sericite  disseminated
1'

J

f=1=
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I.hrougthou.t'  the  quartz-ric'h  parts  of  the  I.o?k.     Kaolinite  is

more  abundant-in  this'  specimen  than  in  the  other  two.      :i

Section  21~66

Phi's  is  a  very  fine-.grained,   dar,k  brown  shale  whose  chief

comp`oneni5s  ai.e  sericite,  kaolinite,   calcite,  and  limonite,   ,

Lo6ally  lenses  of  material  somewhat  richer  in  fine-grained
•quart,a  occur.     Some  layer.s   contain  abundant  calcite.     Scatter.ed

throughout  the  .rock  are  neyesH   of  chloritic  material.     Some  of
•these   show  a  concentl.icly-struct.ui.e  wii;h  central  par.ts  rich  in

calcite.    I?he  chlorite  is  dark  green  in  .color  and   is  generally

cfial~acte`r`ized  by  a  low  birefringence,  but   some  of  the  material

of  a  similar  color  shows  high  birei.ringence,   and  may  be  slightly .

altered, biotite.

Sections   21-24 i-8-41 Z|-10 and  18-66

These  four  se.ctions,  are  apparently  01-the,  same  I.oc.k  unit--

a  mica  peridotite.     The  I-.irst  three  sections  al.e  similar  in

texture,  being  ver`y  coarse-g.rained. .   fiiliner,al  constituerits  are

reddish  `orown  to  amber  phlogopite,   olivine,   augite(?) ,  hyper-

sthene,  magnetite,  and  apatite.     Ihe  olivine'  and  pyroxene  have

been  st-rongly  altered  to  antigorite,  secondary  magnetite,

magnesite,.  and  trem.olite-actinolite.    Very  little  of  the  oliv-

ine  or  of  the  pyroxene  1-emains  unaltel'ed.     Carbonate  is  part-t

icularly  abundant   in  s.ec.tion  21-10.                               i

Section.18-66  i.i  charaetel.ized  by  a  d.istinci;ive  texture.

`

I

~,
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The  ro?k  is  somewhat  finer-gi-aimed,  and  corona  structure  i's

conspicuous.     The  central  partsof  the  orbs  consist  of  s5Tpentine

obviously  replacing  6riginal  olivine,   and  the  rim  consists  of

phlogopite   blades  arranged  normal  to  the  contacts  of  the  corei.

Phese  .orbs  are  set   in  a  line-grained  mai;Pix  which  has  beei.  '

coinpietely  alt.`ered  i;'o  serpent'.ine,  tremol.ite-actinolite ,   lim.on-

i,i3e.,  magnetite,   and  possibly  some  talc.
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The Silver ?ff,y area ls one of thFes areas of !mcrma igneous outsrop in tile

si;Bi:,.e of lfarsae;  {£foope and othas, 19fl,  p;  30}  At &lver €ityo  gerpent±nized

peridotifee hag been intruded into the suraoundlng PemEErlvanian aaedstones3
8hales  and 13mcstones with the denreloFzneitt of a con.bet mctapxphlc  am:Loole.

The  igrieous body and the mctrmoxpELc  aHrco]e  are locatecl in  see.  32g  I;.  26

S.,  R.15 E.,  southaegtem Woodson Caluntyg  tfan8as.  The  &rca  acquired  th.a r}am®  of

Silver City when li; was  thoeght thrfu  a  Bilveri  sbrik® had been lracle 5m the iirofroity

of ithe igrcous t]edF.  A2:though ap  edlver TFa8  found,  the mmerous proapeed  pits

aLape  an £Hdicatlon.  ®f tfie high hopes  once held  foz' th®  ar'ea.

in more ascent yearsT {19h6),  attentlen has been drarwn to the area ag a poe-

Bible  gource of iFermioulit®S  batsedte,  chrmit©,  and 3road ballast.  There areg

hcrtyeveff ,  zso  cchmereial  amunds  of veutculit® presem:i,.  Tfor iB There  any baurite.

€hsordte  has been  rGporfeed  .from mechar2±.cal  anaEsrges made t¥`r  the  U.  S.  Z±]r8an  Of

asin8B9  but none eras  obgerired in  bh® i]hfro g®ct.ions  eltrdied  in this  r®pord.  The

done t],'hich i®  asgociched ica'.th  the iHtnesive hag be.en drdJled as  a poggible

pet.roleuri reservoir, tfl±t irith negative regdrt8.
T}t®re is lnsufficich data to relate the SIlirer Cii@r peridctit© to ether

i^gnef:]us bedieg  ]m  HELzigas,  even  thS.` neartxpr Fro§e  Dome  gran`it©.  The  peridotitQ  is

u"smal becaugo  of the ffledl  derv.dipped eo.utact,  &ur®ole,  and  thc later hgrdroThermal

actiirity.  "e irfel'usi®n flf the lgrcous{masg into an anorogenic zi®gien is also

anarfuoug.

SCine €onduglone  concrming  the med® ®f  erxplaeeaneut,  and the cordact ®ffect8

ar.© d.iacusg©d 3n thl3  papoat*  as  1g  the pchpograpfty of the igrieoug  rock art  a

deseTIFision at cevBrd thin se¢tlons out from 1€ arid the metanoxphosed sedlndrc.

prmous ire

The area atiiFaeted the attee:faica of fronho@dr 3n xpa.  in 1938,  Schafifeer
tt

ptzbllched  a paper on the metgmeinhic  rool5s  of south ¥toedson €ourty.  Since The:t`-\

time,  no iafcrmai>ion has been prbli5hed on the Sflwep €ifay lutmial:vc;  4.b the
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pFeseni-,  i,ir`Ie,  the  {}.  a.  Gcologic&l  cfurvay is  8pousoring  a  E5tridyr of  tl.ro  F*edorE&

fri€iLctrangle which inedutes, i,he S.lluer O|ty area.  ffie rqprfe3  ncnar :in prquration,

is tEr ¥fo11y 1`.fagner,  de  is also "itlng a ¥.epori  on l`'foed5on €oun:ty Pop the  !frosas

Ge®1®gical Surng.  TH©  fichd rdetions presented in tdeis  rep®rib are those deter-

mined ty fty.  fflagmai

.&cxREousrm

E±

The, ndtor  i®  £mdchted  to  Prop.+  W+  ff.  Hanfi31ston  {The  tj-diversity ol- Eas&a}

for his help ±n the gtrdy of the trim acctlenB and bhe prapaF&tien of ting rspog*.

ELliy tThjgner of the U?* Sd, Gcolog±cdr  Suftyey ha been Of gresfa  assist,arse.  frongh

his  effort,  the  cores  token  faern t:Z±®  aaeri}  th®8© thin  sectlc)ns  already outg  and
?

.f

cutain repoutB  eoneernfrog the area maF® mada ama±:fable for chudy.

GEHHRE GaeLoex

Fne  geglogy ®f the  area ±g, 5hong] 3n RIg;  I, Tdich Tgra9 pxpared ty Efo]ky i:Jagpe.

Reglonallya  thee  Panayivanian  sed±meifes dip  geHfty t®  the Threst+rm¥nlha®sto  btit,

ha-its th.ey a_ng tipthrmed en tti©  fis!alrg  ®f the  chongat®S  eroded Silver City rfuro

ith.ich trends rougELy ue8tln®rdtw®st.  the limited outcrops of the froGous and m®ta-

moxphic  sock.g  ace  xpc`sed  ±n the  center  of the dens;  The  igncou8 body 5,a  fiaifeed

on ttie north alde tHr a ranae doBmeng" to  the riorth.  The aecifrs  adjacent fro the

fEmlt,. &rs dug-folded §rd trea€icted,  RE;p8  &g-gt®€p  as  8giv ape  found along the

f&uli>,  tint  they fiGtben FBpid]sr gmpasr' from ire;.

the  strm€±gxpraa  eest±ong  a,a  chcrm am the nap adgeaea pas}geE}  f]]rm the  Starfeon

l±negt,one .®f t.he  a&ssourian 8erieg  bo the  Iaeg±enee  sfeal®  of i:be Vigtg!:B]iae gerieg.

fa geREal,.  the  see+,ism coHul_et.g ®f ch€emating Epandctoneso  g"e8a  and lLfrogtones;

"e pngrqngest sect cot ty the ird"3irqte bedF 18  the EFdiand garfetone meBfro

of the I,RTeaee chalet  On anB bechB,  the p®rdddei.i;¢ €!€S]:'± be dated  as pej#i;erennEprL

valan,
The lg!aeus body 18 8ELlike ±n f®",  €ene holes dr±E±ed irrto bbc ignaeu8

rock hgrve paggecl  `thaough it  ±mt® netasediHaecats.  Ia±=:®tiae, wdil8  draned in  the
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area  have paBs®d  thrc}ugh the  igncouB  rock  into  g]edim.enbs.

zREch±Ermrs  OF  TEm!  sEGHOp+rs

The  tn±n  seebioas .d@Bor±bed below imaue an  cut  firom coares  dzr±11ed  on the

Silver C±far dcae,  €ata±n  8ectdeas had been pxpared bedo:!p© tiris `.ro¥k iras u3rd®r-
`.`.-..

takca and othegr8 avee cut  at i:hob time.  The firgt rRE7!bca? for a ggiven thin  seetiex!

indicates the  core hole rron fflrdch ¢be ¢oae maa  tokens  a=3r±  t`n©  aeeond mrfeep in-

ctic&teg  the dexpt¥ ap tth©  core st i}fhich  uno gectlon was cut+  "i® core  hole locgibi®ng
I

are  ghcma fro  ELg.  1;
'iThenever p®8gibleg  1S usas  attapted t®  idtrfe±fty the  8tgatlgrxph±.a utt8  fraom

I'S          I.

which  the ±mn seofa±ons  of mctanoqu±c  roc}c were cot.  SapFeB  ±o be  seetloned

ee¥®  eeleeted  after megascopfro  eEamiratlca of The  canes i!riTh  .ei±ie ±]]fae3nt±en ®f

saRExpl3ng  &s  many dlff©pent  rock  tErpes` ae posgifelc.

Sceiiion  1  L'' h3

Sectio`H I  -  ii  iB  a  fi5tiBpgr€`dned  qua=rfe&it®, probat:}ky mehaaphoged  E3rdrd

sendat,fn©.  It  cho:ms  a  quartz  mogaic nads  tip  of grains t'i+th  a  BuberLpehap F2ifeito  and

i.n close a;ntaet "1ih es another. The quads grains `qi]o[ar a9±.
i?a:erfu.  Tharo  8i-e no  ire.ications  of sil±.cecus  or oirfu.er cement binding  tile grrfu©g
exeegiv,  for miHop ,anouj`ts  oP Clay ]En:inerals.

A-drop rmut`.i,a  c`f  fchdspgrS  probablF pla.gicehag©; h#%evefroped  in the  i®oQk.

ffll8  fchdspar is  optiQa3.IF poEifeive,  ana "]@ and±cos  :re  1®rjs  unan those of the

quatg,  1ndfoatfng that it ic  eii}hep ®1±geelag® or andegfroe.  The grg!rfus ef phagio-
class 8hco pfrxpdyrd$1agtle  tendencies itith p©spect  ±o  the  quatz3g  spparCirfely hang
devch®ped  at  the  eena© ®9 uns  quautz`;1  Stzthircd  ouii3±m®8  £rd±e3bilfe  of peplaeGm©nb

•}      .,.

haBgivegr,  ae al8dr.

"g .-section eodea±Es dRE8ife cELcrm[b© "®h ls largck; i"bergtaean to iine     .'

quarfeE;  rmerctas±j±1  B€riGit® 1c present  in parts ®f the  gect±®n.  It probchfty
i,

fomed aft,er  the  cmiord¢o  s±ae@ ira trauseet3  uns  cELculb®  firakeB.  Sore 8erlcib®

ma3r haer© deedaped Shaugh the  alts©ratian ®f the fdidapar.
EIIamonite i® comen ±n the  se¢ti®n.  Ii,.Rrfu of it ameaFB ta b© an aifaer&tion pro
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dect of iihe  c}.tlordte.  REnor amounts ®f clap niatedals  are  claBchFT ag]soeiated wi:tli

the  lfroESrd.te.  SB±allg  zic;tzndcd  graing  ®f  zirc®n  are p¥eE!©rfe  :.in  i;ha  8€:G-.&i®n  aa  in-

c].u§ictnB  izi  thh©  quartz.

3LEnoF gmount.g  of gi±hedHdi  apatit,e  are prese"t.  life is probabi® that th®}r are

grads of ky8reyarl  apatite which hag been iderztifl©d 3m bhe aetcised3ments of the
area throug[ H-ny gfudies:.?` {4.da SndnefordS  KraasaB  G®olegical  SuFTqirg  p€rBonal

cenmhieetien)
dr  ffemeral,  There i3  no  8treng. aligrREemfa  cP the mfro¥®ai  grans iH The  section,

G¥{cepfa  for a tr©ndenc:F Jtorard pr@femed  orierrfua.t,iol` ®f .the  €m®rite  and  §erioite

flakes  farmEld  to  tier t-4accB  of  former bedd-in,=go  ¢Lfost  qunri,a  gredms  sh.our no unchir

1&i:ory eDed3mat3trm,  1dicat.igqg  that  the rock mag  net under  apprf#ci&ble  strain during

reerystrmEatica.
T!i_e per+cent,age  caposi%ion ;a i}h®  €eotian has bean  est.£ruted as  folichms8

caat8
Cltlordte

F&aydapm±=±erds
linorfits
Sdicit,a
ELinte

Section i - 25g

Section 1 - 25 prREIF has been outy  fREi merfuoxphoged  HchEnd  sandstone ca

inG b&stg oP its  1®cat3an and depth+ .Ib consists ®f fine,  chseund®d  qLiarfee  grains

sapeBrated fiprm tH3g aaean:r ty ckay rna;ti>®F and/en rsmdrte ae rdllae  8efae±;±e;

Sous of`tha elay mateda± £ca the Eeeblen aapesrB tr be dardlfed £=un fdREsapara, ppe-
`,

bdrky pfadiochaee as de8arso'ed ln 1 * !in
1

"drl dgivchoped fifllceE! ®f sedclta. are gegregated infro  Bones  add aHgned  8ifro
.

papa±ldr be the bed±±qg:  StrdngarB o9 magnct±te and Hrfte are afro  fcand pgragla
to Eha bedding: "gr cue best dovdqped ln those genes rich ii& 8edcide.

ftrao®s ®f leRa¢oEene after i]Emifee nay b® ppesenfa `ln close aseocfatiesi with

the REgrdi;1de*  E&mmdsd grain.8 of alrcon t=nd  chhedrd  grains Sf ap&tite are also

¥i'r©8IEat in tF.e  gectlaz}.
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Peireenfaag® apodi$1one

enatg
¥¥©EL=rdsa-te
Sedaite
REtfar
Apatito
Zirsoz}
Lencoren®  (?}

I

Seotien 10 i lag

ffi+®.Tock in  i:his  Bectich  i8 medam®xphoset3  fredard  6andston©  shoutmg  a  qugLutB
-t`

Eiosalc of medlun ae±n sl&®;, The q}iatz  graans are anbangular ±o  oui3Fou"S  and

serne  8hgiv falrfe  slms. ®f sceedary grndh and  sae.chrfug.  same quartz  ge€ms te be

pr®ren^t a8 a cenenthg matedal,  althengh most ®f the iHt,ergtit-ial ur`.t®rlal is chayo
l].monite and chlori&e,  ifeny oP bli®  quart.a  gfaiRE  are 3.a diredr,  contact e7ith ne§g;itr

Ti3Ori"¥  8rfus.
),

The int®rstibial chl®rit6 i5 brown fm €oiSr t>ee&Hs® of parilal eifeematioH,  There

is  lit,tl® tcadeney of fine  chledte tc7mard preferred ordeEz:i,atien para3l®1 to  The

trac®8  ®f former.'bedding.  EffinBr rmunts  of fin®xpedn®d  serlcit,a are  also  present.

¥ircon .is rel@t.iirely ahadaat in titl`q  section.  The  grains ~aro gaiaerE11}r weBl

i..®unded  €rty.d are pgivbabky .of  sedimfft:i,any ®righa.  It3plell  devtloped,  but,  altered  plaglo-

•+1ase rithcat trdm±2ig is gr8sent.      !
.

J`}rfuedrd ma!xp®thi=e ±8 prese.n.b essocfated rdth tie  Beri€itlc lasrers,  as is what
lt\

mLraybeloueo¥ae;-
`

Penschag© ¢oxpDaltben!

I

Sceti®n 11  - 23

-,8
canesqtre
ifey drerala
E3fandt®
Saricis®ifeifegrifeEL£{"
ffiq"
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".a  Beetien 1g  a ht!rmfdis d.edvffl frca the VImlard  shale.  The rock iB  congiosed

a.r  €1aEr rdnerais®  criorifaea  art  lirterite.  Thro veirdcts  of irrhat zrmy b® hgivlrajgiv

apatite  are grera®rfe.  Thsoe i@ no preferTB(i  orient,ation of frmT of the min©ral8  £cmnd

i.fl the alidea

Seetj.on n - S§

ha this gectitn., ?he Finland hamf'elg is eapo§ed prfmarilgr of chlori-b®,  clay
minerafg  an€i  lfrocrii}e.  BaaemaB  ®f  cELordb® tirich  grfTsd8  in'co  i.h@  aLingiifeceou3j  cELa-

ritic  and ii_in,aztii;ic  gr.ountinaBB  aipe present.  Fur!elgr d5rdded quarttE ig  ematicaily

d±.B8e:±|r2at,ed,  through the  gr-®undmgse

~         a..i'-` See`b5.®n  EL  -  13ii+a
`j3

\c``Thp
Scatien E1  - 13€h 18 achamoxpho8ed VIrfuand  shale which  is ncF±£T a chharibengcri-

/\
cite hornfels,  The groundrass a.± the rock ls ffro® ckl®ribe and sericite rdth E!ome    Q

tendency  +`cward `er3`endatlon .paraildr  to  The  traaeg  t}£ the  former bedd.i.ng.  Idmomife6

and  clg!37E  &i-e  ccmcerferated  in  a,oHef par&11ch to ith© beddi,ng.  gfedErabe lmotg  af cmo-

ri.t,®  anit  sericit,®  in  sect  53®aes  faare  p@ca.1faed  jm  ligife©r  e81®red  Coronas.  SQH!gr}©

talc may be riregent €n t.Iie lighfrooleBed  dorcaae.
`      ELQbs oS Galcite anf  oth©F blchs Sg clay rdnearals arc  E;cattered rand.order

th.rough ire seek  +
•i.':.i   {?

ct`::+ro-  S `_I -
iutl-e    \¥rfuB  BestiGn tes probasgr But. from mebaroxph®sed iEifeg3ad  Bhalep:a-'±.fa®c'';

A

Sect,ion  H  -1h.8g                                                                                                               ,S_:¥.a '."'`-

beGiding $8  t5ti2l &xparcarfe.  €try®rite art s®ricite are the taa5®r constit^uents ef i:dr®

finengraflneS  grcREndragg  and  i;1iegr  eBhco  a  tecadenq5r  ±omard prefGgr±7ed o¥iLerfeatica

par"Lliel  i3o  t;h® bedding,` Sinall bldrB  ®f calcifes aae d£Bgerfu&t,ed throtjgh the acct€.

Seetlon 18 ~ his

See+,ibm 18 - Ltl  chme  inbenschF alt,®¥ed igr8ous  Foets.  m®p© aara se traces  of the

origlaal dirdae and "gite ®f the peridde&fee;  The ¢rdy prdmary ign®oua mineral  st511

present  iB  an  ardrhib®1e of uncerfeafn af£1rd±ies degcrib@d under  Beet.ion  an t .2L!.*
+

The ma5®r  congtituesrfe8  of  the  mck are  £©xperrdBm®,  13meni-be. afrd  clagr.  Hi-i=a8r  a]cd

B,T'.A,  sthrdles  of  ei`rraee cl€ri]rs  free Eh® igneous  rack indicate that t,hqsr aLFe
i

I
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nerfemori]lone-ldo probably 85ndEGaife.  ft i3 probchle that ith© clayg! fltrm more deapky

buried porti®ng of the 1greous t]®dy ass also acntrun±i;e  {.?).  Also ppe8ent in the

secit,ion iB  pfa]ogopite,  gone of irfeich has been bleached,  and rfun®i.  q}ianthtl®S  of a

carbcrmte,  probife3gr REgnegife©.

"e rock tin the  E]eetion 18 toeated  odd:y llh5 ft.  chcrty® a 8one era treeciated

chart.  It is  quite po8drfol® that  the irfeens® aifegr&*ion of the rock is dn® to  the

moFe actiire ¢3poulatlen of gr¥tothermal end ptersathc imaterg along The sozra Of

bree€.iatiop..

8eetion'18 - 55:63

Section 3`8  ~ #.6 1s  of a  €heri brecci@ thl€h  ls  eefa ky  q!ueLat,a veins fa=rfe&£m±ng

Pyrite and peEELi;e in pha©G*    ftJh'hg.     Rerfr*\ f> r- gr.`Jin  e#J\
Shilar cht3rd ig fcard  g!t the inrfac¢.  The Emafasc ah®rt  ls  a rapha.ceneut  of 4.,het

mgFtaaexpfro8ed  fangenrfue  sandGtone  ah¢/or V±mlard  ahaLe  and  appears  i:;a b®  Of Zqn±Fo-

t!i.ermal origin,  p&rf,1rderky  girl.®®  crm31d©rchl© €blorfro®  .ig  found in the  groustfrog

®f  i;h©  Oheri.

Afth6F bresciat.ion o£ €ha  chiBde*  quBrfe3 vedRE  contatmi3ng Frfet8  are perminlt®

"re  famed. `Aiong lei:th the fardrothermal irferodrction  of the  {prarfeEF  penn3mit®

&nd  p:.,rite,  scm®  F®cr]rBtalllEatlca Of the Chat zmtF hzave tialcen place  a3  i8  avi-

demctaLl bF  its  c®ars©  charactuer  &rd  the  setunred  habRE  of Hraengr  Of the  gr&±Ing Qf

qunriz  in the tr®¢cia fill3mLfl bndetimg the che=rfe.
ftreut.d©d  that the eh®rfe  in Ehig  sear,iSfi ig Of trFdrof]h©rmal  origEng  indicatien8

ape fdrEt there wegr® at least,  two  8tag®B ®f kyd¥8irfuunal  act±rfety fcklondmg  the

intmglon af the perddctE:te.  Badih thea® drag©s fro3;ined the !rferodrz¢tian Of B:3Hca.

S®€t.ion 18 i 66s

"e  g@edldm BhcaE  a FchatiH®3gr ±ELgFB±ned  and ELife3ar drfaered  gExpha  of the

igreetzS restsi  ®f perd€edar frfeererfe ha the ®ectleH is a "drl derdiaped carm&
de"ctnzre  3mdrwing a  3arpentfae eere  rimmed t}gr pELQgqp&te t}3fld©s  earmaaag® rm:rmal

to  thg aorfeact rdth the 3eapde3me. The  s!expcadime core af the eononae  appears to

have formed thaough the alSar&tion ®f prifery ollviae.  "© corcea St"eiiurez lends

soppout to the ±¢ca that the phkegaplte iB =tde a primary lgreons rdneral in th®



i.ock,  but.  i`,hat  ire  is anor® ±±£crfu§r 8 putuob of derteric alfa©pation.S

The  groundHaes  ®P the  rcet£ ±s coxpased af 8expenthi©,. clayi=3  and  ]frori`±.®

aB  in other  g®ct..ions of the  ggreou8 rock.  mryvtev8rs  sons i+aic  aB ueal ag trenHbeh
` act'inoliiie REF be ipaesent. .

Sect,ion fl -103

".e  §¢ction wag  cat  fro the slfaer®d lgr.®ous ract:.  I`b co)8±€!±Jng  8expeutfro,
3';

t>c7t,h chrysotaa©  (1z] minor  a"tmts}  and  ar!tl8OritB,  Ormii±ne9  &tigibe9  t!i© u"moma

aphi:bel®,  phalognpite,  asrfesonite  {?}*,1±manite,1egiiiBtx%en®  (?)S ' apatikeg' and
•.i

cartoma;t.es a  pmobai3ky "±gnesife®.

The rmurfu  ®f i;ha.. &az.bo"t® mfrogral8 ifl I.fais  s®etiou  -3 8  r®iati#eEgr high  (log).

The mgrie.tits  {?}  appears te toe a pap¥aermeat after 8apendineS  al#haugh rmch pf lt
i...rangect8 and  repiae©g  trh.e pfrogapits:.

The near.."rf8ce frocBtfroz3 og the mck in tdri8  8e¢b.ion ]gny agcout  for tfa®  rchgh

i,ivel?,t-  iiFbes±8®  albgrat5.®z3  chserir€!d  ^in  t}:I:i8  Biid©*

Section £1 - 2b3

Seetlen  21 -  2h "g  qut,  fF®m the  igneous body.  in OuB  g5Dct.,ieng  tile  rock is  of

mediun fro  asme  tgrain ch8e;  Eho prfuary ndnerchB  of the peridctite itr©r® ol±th®S

anf-it®*  azad  i.he  axphaibch®  of un¢®rtuln aserrbity.  There maEr hggrggre beer! rinoif  ancyunb8     -

®f  pri"&I3r HEigriedife®  Gird  i3REEifee  tftit rs'givu  of  t,h© xp©ELfa@  E[;]]pe3gk¥s  ta  have forTped

during ¥ha alt.era;Elm of tits ol±rfu© anfi  aigit© i;a  s!eang>enbin©.

rmich  oF th® reek ls  sow eexpoaed Of  chap zBfaer+ale "hfich 3[*Fagrr  and H;-¥.P.*  ctures

®n  sorfEce saxpl@g have Shomi ¢o b® a REfroRESREid Slay  (pGntredte  {F}}.  -ispenite

hag  formed &g aprfu®F "eathsrdng psedr€t `1r3 the igncaug  arsck,  as hag  a €arfeaante     `

(mgr©al£®`(?)).:

The ptdegaplbe rena±ns  Fchatltre=gr trdtee.edS  GEEcapt  aft  gurfaeG  axprouse@ where

it hag t3Qae corv®rted  to  a v€rm±m=Eibe t;give of m±¢a,  in i:B2®  srfugtrfac©.  the p]flgh

gxp&te  ocourm  in nil...devchaped  ctzhsdrsl toctE5.  m81ug&®=]s;  ift®xp±± whi!kedr the

pmngapite arm sirfueard  grains  Of rm=ry:1  (?)  &patife®£  FGmnrfu.a of omrfua,  gng±S®S

and  the urdEFLrm ap±:faaLe.  Bee&uB©  ®f tfiiB  and  the eo¥aqu±!3  descHbed utgr  s®otica

18 -66*  ±t &6 thougife that the pELoggivte frmed a8 a ppodrefa of dentrfu¢ albe]:ra-



-
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tion of the ordginql p®rasotit.e,

Ht-erase,.` the  sexpenfaLne now fct=nd  fn the  sochg  including  tde© `arfeigc¥I-lie  end

t,he ndnor anouut,a  of chrygotlle, m£=y have  famed thaoough dcherd.a  aifeerationS iud

ii:.  iE ii!.~&F that  scm® Of the  ssxperEtfln® is  the sem}it  ®f ira;i,®r alteration

through nordmothermBl  cotlwhty and weath®rdng;  The 1afoe.¥ tErdsotharmfl  &ct±ftyr prcL

babky resulted ilfl the ±nfrofuctien ®g She Hgiv;tg found in the lgaeous bodyt

Chrc]arifa  has besH =apori¢d  5m uechanlcal  analgr8®s .®f  the p®r3dotlii®9  brfe  z=one
t

hEig  i3¢eri  ob@eza`red  ln  i.h©  thin.  B€ot.iBHs*

The rfuncaalg  fot2Hd  3H  this  art. ®i}h®r  seetien3  rfucrw Ho  tesrdemey tou!ard  pi®®feRTed

orietgivation,  3ndend3ng the ctrysedil® vedrdet,g,  Ifa  iE probdth©g  therefore,  that iine
r'ti

p8ridatite cgivalli3ed in Bithz and i;hat 8olEri strt® irferugion d3d set take phao®,
The later tryFothREal act,1tiiEr qny be ch®sedgr rdated to  the fl:uids nec®88ary, i2o

keep The ®Ifwine rich magra fluid derdng 3utmaien ab 1&g tesap9ratr¥eg.
The percentage  cCixpcel€ian of the  sectlen iB  eedir"Sed  ass  £GHcny8g

:¥¥g#rd#:(??ifeulte
Ciilrfe
Anglt.a

fagrh5¥±:¥cropeques
REgrffi+te  {9}
Apatite

"e aphifrol® urhaom haz= tdr® Fcklndng czifemckerigthcs3  ire ig bi-rfeal negEL-

tfve ialth  a  giv of abcarfe  h5®§  ife  ig  lffiBgHhrfuaBr.  ca;van p¥q3egr  orientaifeon:  £fa chcRE

grod a"b©1e clerng© and peeochcoam utLth H ana/dr ¥ pErdcl®h&  art E in:aig    `
I+

intgfrthce figures 8hgiv dlsp©rfum rdth p greapeF than v! £rfeerfercac@ celoca
range xp t`o  flrs€ ordsg Fealcas  3 angle a = 1h®#

seetlon  al 1` 65:`33

Tiro  sec!= 1n i;h®  8®chlen  is higivgr alfaered pe3f£&oELt© "yltli aenen&  @tructtrmes

deriedfped ln phases.  The eeaenas End:ve`` 8zBxpendine €enes after ol±tin© and rims

of g:Btl®ggivbe irdTh the tledeg oriedeed normal to  the canhacS ffl,r£Th the g®xpedi=re.

in sea ® cF the  cororms,  the ?ELoggivte appears to hso® xplaeed the chj;utmc ]n

the cenfaeqrs oofroexpo'rmeraslgr rdth or prior to the dgrchqutat of the f5exput3me.
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There are :i:3cl  t3:laces Of the origrdnal .jgreeu6 ndmenalB  in the alid©.  frosteed,

see?in+,is:,fitalc,  clayS RE8ppsi®te
-   , ,       _  -L     , {9±.rfehi°gapite are pr©sent„

ia p®EafaivelF abundsrfe  in the  section.  me

gra]]ri9  are anhadralg  rdtfrout thrmirga  and lteRE germant lnclusiorm of the abotr©
fdreral3 eeept for €L® oley end magnegite  {?);

me rfule irock 18 ctat:. ty the zEBgnesifee  {?) vearict8 which ass generally paFfl-

1el  aed  of a  ERIbJhardLsesdeal  nath!r©a  mm#  anmnt8  o9 meaeefa;it®  are preserrt  1:n the

8eeti©n®

F@p€eatag®  coxpond:iii®ng                                                                                                  .

Fffdrrig
Elchdapar
ifenbrdt®. (?}
Hifegr¥:!®(?)
Efaffictlte

Beet.-len fl - 66a

E§1®  8.e8tlen mafl  igi3t  from an argll±accous hormfdis.  Tne  roctc  gthll  shows promi-

nent beddfrog®  T!ro gr:tor:mdrasB  iG  coapoGed  langaly ®f clay rdn@HaiB  art limon±te with

I"elgr dl8sEnfrot,ed  dhlari.fa©a  8ericltes  calo±t® art  quaLpet,8.  Sngaegat@d lagrs rich

in cctl®i'P.© and/or qi2ardz  hatr® deraloped p&rallch i,a the bedding.  ".a  set.icitt3 of the

grmnfrog  siaauris  a tendemey faemas`a pref¢ared ®rier&ta;tion  E3utxpasemch to the bed-
ding.                                                                                 i                                                   ,

An t==prfist=sl €cooda struchirm i8 draS fctzrd. in the Sect,ice.  "@ €ctRE&3  dr

centers  of ¢al¢1±>gs irith t2r ial¢houfa  8eapenbin®,  eut  thegr @na  F±m®d ty aeaeesr;+rd`€

rings  of eh±orite.  gbedmei:rB  ®r, calalbe  ape also pp®z3erfe an Eh®  ®€edten.

The mcck may b® Bstaerrfuosed "Irdard  chal®.
`,,~

See+,1one  a  -.6P#A4 BF  and  C3

qhes® i,h]pee  gael.,i®n$  3r€ a3l  rion the  sa=ae piece  of  cores  Ealcen  gfe  ®=eGca[alveddr

lan;!tE!r intenrv&1g,  end  apeeed  apr]rardrm;tedgr 1  ±n±  8*ari.

A ls  Ci?` a=i  anagenite v\ean wh±¢h evtg cia:cngH  the  eerusrfery  =iods.  The ara8utt®      t-
fiber8  aBre er±ca::-,ed trotmal to  the cans  og the ve±n and  show $1grrs  of parfeial i*£h
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veFedon to  calelt,®.  gBEll  fangments ®f .chl®fii:fl%ed  couifersr rock are  ftnlrd  &s fpr

clusioRE  in i.he aragcaitr®*                                                               .`.

8 is  a  quarzi;Bi.3© with  a moggL-le  of  fimG®  sotoangrlRF anfi  soburcii  quaFi;2  grains.I

fret,ersifetlai to  the tmarfeE ls conBid®z!chl® cm®rit,BS  sg¥icifes,  penniniteS  ci*

and ELREito:  E&ner azngquts ®f E2gLoedrase fchdxpar.  shcndng ©iblte tr3nd.g have

dapalaped fn i}he qrmbe'; givt;e has been irfercchaned  a8 a raplaeenerrfe after  quaifeB.

Birch ®.T i:,h® €ELorit©  3rd  §ndei*,e thong a  genaml  tendeaney fee the  fLahas  to be

zaligr=ed  gth+pardlck t¢ the bedd5rfug, inzt  seEie larger  and toredl  digirelap©d fialses Of

chlordb8  gzRedng no pp®ferFed or5eetation ass prgserfu.
•.€ 1e  ©ssdr,icily the  Sana as a e=reapth That some of the chhorlte and serdcibe

`           ..i`

occur iE-Eegregated bands  aligned paraElea t®  the bedd±ng;  Al®ag whi-,h the pgrrifaeg

i,here  are iHdlest,ions of zzEnor a"y`ta Of Eca±coesee©  {9}:-

¥hs peeentage ana±pelg of the Sandstone L= agrnex3rmt,char &S  fa]|cos3

QRatB
S8richts
C!fi®riterii=¥als
FGREhite
HngLochas©
givt®
Lcacquen®  (?}

Soot..Jori  fi  -  713

T±]©  secbion i8  cut di®ng  a  c®mbet betreen a mstaEoxpha8£.:d  sh=rde and  edither

a  1-1mcgivone or  a  ealcht® qedm*

The  staele  Gas@  Of iibe  Sedei8n  8howg wiell  dso\drxped lm®tg  Of  mdfab® pemahait©
`

£n a graurins ®f finfty diwlded cELedte`,  c]:ay ndm@ralg  arm rmon±b©.  Also
i-:

preset  Erie anall blch8 and dbe®enfrotlong of fine quat8 gEa±ng. Veaqi©tg Of ca2~
cite pees+rate  ts}®  angrmEeeeus  homfels  from che calcBF©@u®  edd© ®f uno  g8€tirj@t

Ths calcarsoue po*&en of the  8ecthatt  sh¢!r:e!  fthalgr cryrBSdilELzed calcib© wh:Lch

mar b® a mgfroxpha8ed 1!mesten®.  &fegrst±te i8 gr®@eds fn aREeiE==al bldes;  REte.

part,iatEsr alStffed te I±rfute*  iB pseaen:S  fn aB]es*  Siirdmgcars of : Hned=}r diwhded

querfuE  are p¥ei5enfa in fdre  eslchbe.
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The  seetien is  a=[±  apgi]laeaeuB  horEf@1B.  Et may hLEEv®  b®en a  ghal® "chca ±n
A

the  T®ngoan-rae  gandsteae*

Th®. al.±eie has been  comreried  to  a  fimeBy di;tided  eELord.biQ  rodic  cSrfeedrdmgr

a high p6rsarfeg®  gf chap mlneralB.  €fl€ite vedrfuae8 arng ±cHHpen, init  see`icite i8

scarce in i.he rock;  ftycb< of The ¢mndte haB been B9gregate€ int.a  ftqrelife9ft .in

wh!.cBi the chirfet.e  shews  rianfrom oricafa,bien:  in She grmundrm83,  the cELOFit€ is

allgried  enbapanELlck  fag  The  tseaes  ®f fermgm beddEmgf

El©b®  of c3aebeep3rrfeaEiirg  quaifes  are  found in the  ¢aloife© ve3mletE3.
tiy'

H

RE"OI¢Gr cF T[zE REmo¥RE
*

The lgrlecus infa"edive ig a  sill-like body lash irerF doffirdte upper and lcRTer
1£mitg.  €or@S dri_1lsd th5nengh i.he  igrcoas  rock passed  int,® nefroedimeHt3  at  daptFis

of 66  f%.  ±m hckeg `a  and 18.  Dri31arg  1®g8  ®f neefo.ry- mefilg  ]rmre  also  indicated a

sill-like form fop the irfermgive.
The  es5aeE hog:hawhal  Gifecat of the boSr ig  irdeteThabe on the basis  of preserfe

infor"at,i®n] tmb &r€as of gligiv.t thermal medgREexphian are formd  at  ¢rjasldeedrle

disi;ances  {See map;)  face the Irmm igrzee[us  outcaap3.  Ib is pRLR®®bablc  that  sect
\

areesl  are underlgln by igneous  rock+

There are no# faeslf,uLi®eg  or  E!¢"¢tuFe5. rdthim the  fineqgraEmed .igneous  rode  that

8rdieat<e the  1rfema®ien Of The pprdd®tlt© aB a @tapGrfeialte  !n the  sol-id  state  oF the
'

iud."Sien of a very qs¢co8 1irgivd+  "e sendon ®rientrtion etp grafrs  ±ifeEEtes ±rathap
that irfusten tech dLaee Rile ".a 3]Dck was  g!t£Efl  qi=Ite zBdean©t  ang is 3m cefro

tract 3® the €encapt at aolidNeda;te .or tleecaio frfeatidron rfei€h 18 hchd fo be the

meahndae dr_ aphaRErfu rap tpeGt peindetlteB.  {rii:men and Venha®;ens i95i, in.
\`1

2h6,  252)

The ordgiml  iricous  #ock o®rfea±ned ol£whne,  ang±te,  art an gHul±±:hale of
{

uncutain 1&edeftyr ds  ap®en+,aal  coustiiRIREtB.  Rem3ant8  of the ndmenaie  8hri fa±r

ouh.edrat hifelfas.  Aiso  ppeBen$  3m the ®rdg±nal  roctc mggr hafre been HLagaeHfae3  £fro
I.

rmiB€a  end  chrmite. .-ire chrm±t,e .t®s  ob3egived fn the tHin 3©etlons  8tirdieds tnit
"1 i
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it haF] been xparied  ±n Hreahrfu€al analyses corfueted ty the U®  S`; Btzrean, of

EELnes.  &&:wh Sr the  magraediite .nchF fthnd  ln  the rcok  iB  pe.obch2gr  the  result  old

al.terHtiou df i.h©  origbel igneous mln©FalB to  g8xpndine.  Parfe  Of .ife masr also
`de  re&ai:,ed t® 1atdr givJLdseREl  aefairdty.

"e urREeBtELed  arty.ifeol® cheng faha  PoHdrng chara€teriBfics §  gi#esL proper

®rien:trat±ca,  ib chrfu g¢cd aphibol5^ ckeaege and pleechsoism rdth E afiQ/or I
I

pirfeigh  in  ¢01©i. arid  Z olcar3  it  18 biandal  aegativ® and lengivh glon3  2U i8 chout

tr  I.:+    I.i5°S  d±speusi®n ia g greater then ire  iateFferesro© c®lers  seng& up to  first orderC¥¥  ,+i``i   F®iiorr;  a aniha d ls about ire;

{   \u             EL'.br i.a  B8xpeatiriBgr€1on oF €caouFTantiy irfe:£h its  the  ph21®gapit@  denrch®ped`J-    t`
\+\\

``'`j`.

izi. i,he lriodk.  ife iB tBeELeFed ti® be a p"dueb of douter-lc  ait®¥ati8n df the oI5;irine

lag  de8criirfu on ifeges  7 and  8;, SapedL,EL¥atfron of the  igneous  sech-has  F€gtH:faed
1n  tfia  fo"ticlri bf Hagnetit®  &1eng ed:un the &rfeigbrit.,©,  Scarce ctryg®SilS vein-

`i `rullat,8,  and mgr©Sit®  {?}.  Furfuher aft,ez.edion ha81ed  to  i,rfu©  formation of  a monfu
t=:    .=::   §`lE``.ntndllone±d €Iagr  {rmatp®rdt.e  (g});  and  1.frordt©.  qFdrothermal  &ct±utty £&ag Fe-

\.-
`:'¥--`.-±~`\is\``celtedfroth.©f6infionofseneunaparirth€p®ridsun@asdeser±bed`]s]dep

i?`€¥€:::::Hc2i*t6::3B::fa=vy±::=::oran:=r=i.ofTh:h:r=T:®b==€or
`¥   ``+*tivity mffay t>e T®gpongifel®  far inch of the inters® alSematlon of -the seek.

The  ederfe  of the €emfaaet  anreole  and  the  gred® of REbaaexpifean ±n ti&®  anr®ol©

indicates that She taperatmme ®f the  ±rfe;rugion uns  qu&£e laaur.  Sfro® inl]]Ftl$1on did

act, prsbdi}1y tiEse pface in The sofia ¢p utsc¢us! strfae,  ifa i8 2i3aeEgr i.hat.  there eras
``1

cf3n®idgivchi® i5atca aesoch@bed ut_th fahB magma;  Eaparfuentsal  nddeRE©]  harm6pg  fp-

d±c!ates una:i  a high "app ceH4de  £S  pefa pg@edble ±n a p€ridctite magpsaaL.  {naanm:i

and Venhfg:na  195ls  p€  2,h6}  "e REthor,  hcgivagr,  £8  of the qpap±on Eha;* zzd;negralfro

zee  ±n come fo" mibe have beeri greserfe  to accourfe  fieF a higELF fisa±ri iirfuE.ugSca

®f nags sod the lrfugr trya3rothend &ctl*ri;ty*

The rfea€i> anrmeel© edcads up i:a i,eno  fS.  ±nen The  area ®£ igreouB outexpgr.
.`

Hbe mrob Of the mefoaegivcosed  area ls underfuafm t]gr  challlariRr lgrefty8  rock is  zrot

lmswn.  ¥% 18 probREe tfaat cerfealn mctaexphic areas  reeeved  .rfem The Bg]eeoac out-
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c]ixp  ar.e unfiGgrla±n bgr lgneou8  rna:tedal;  {Sec  E¥+g;  1:i

Ib is diffidrt, to dctemins "hich ©£fBcts are frlHe t,a contact m®tanoxphien
and 1.-inich  are  chl®  to  i}ir®  1at3eF  ky&=±ofehermal  aQi;1wl;ty.  Th®  b.1ma  elen©rfu  Of i,h®  ttae

<``J  t?`f&ctorg  ig laneRthse  d3£fi€&Hfo tei  daberfu©B  but  ib  seqng  pFobabl© that  bh€  no7d]ro-
I;:,`\-

Then:mAl  aotirdty folloered ber5r  Closely aft:,er the  conbset mBtamoxphism.

The na5®r pm&icte of the  ®onfaaet nedanoapitlan are Ehe  qtieefa5!±t€® and  GELoriiigr

geri€1te haaaefel8ea  of tliS  &i.ea.  There has beou no high gralzB mctanDrtyELan rssul-

+..ing  fi:oz!a The  3rfeiniz=1on of €h© peridctife¢,  All tli.a usiianoxpini¢ ndneralg  are  af

loFT  rardc  and  relat,ise3gr fine  grain  BiE®.  The  gamd8tones  h€give foBen  r8G#rgball&8ed

into  quart,8?te8 wh®peapqu.rfuegral§  and lfrowhth® p]peseat have bGeri c®RTeREed

fro  chlordiie,  serdti$g,  and znagrotite:  The  Blreon En the  qucirfu&ifeG8 has rennined

:riel@ttweB:y unctnged. , The  ftldxpars ±n the  quarfealbe8 ar.e probchky of Hutan®xphic

origr+in.  Ib  is ualdicedy that  any dctriiial  £didgpar could b®  fc!und 5m  s3ec33men.ts  anch

ae  i,hp,  frckand  and  Toagonede  E!andstoneg  thick  are  s®  fcTaF  renru-ed  £®=pcrty aFeas  of

igneous tmtcr®pB.  the RTite mapr bc a prochiGfa  ®f "ehaoxphiEanp  hii>  5m catain

gee.tion8$  5.t i.a  el®®©lgr es8o¢iatgld -trdth ngrstliermal qucnLutg  and calcit©.  ft ig,

ther©9ore,  psotiapky of givthermGi edg±m;'  The ordgivm of the leracuren®  (?)  re-

mi n8 unceridr.
The  hoTifelses are corxpoBed  larg®lry. oP em®rite  and  se,ricifee.  The origin of

ith®  quaBst:,E  rod calclt©  found fm the hautals®s  i8  uncutrfu,  but  it  ±8 posg£#a©

i,ha:i,  i,hear are  ip. parfe mctanDxpkeie  8®gr®gat®g.

3indicationg of 8trs3n derdng tBctanoaph±ar gr® praeticalltr db8ent.  Sons ®£ the

quarts  does a.now chlg!rd undrloB® delnction.  Any of tfa® profermed orlentStl®n Sf
the rdcae€ou3 qdngrals 18 gut]Fpalld te the bedfty.  These effects are nere
uteeky did to a4ad r3thep than tectori¢ fcao®g.

era lamest,oneB were found fn the  cop?a ded]led  thFauBh the lgricou8  aeck. Hhat

accounts fop tREr absence iB un¢edeain: Perhaps the peridotita isa8 aphaeed ty
¢.

means of ag83rdlatlon Of the lfuesten© cotxptry rock. Perhaps the cores did acFt

pemat,rate to  tfa® 1imsatone® £n She Beetlon:  Eifeanoxphic  effects ®n i±i® 1imefron©,

thaFeges®, redndifaederrinat©;
EEpidroth€Bmal  &c,titlty f®Il¢rdng ±ndmiston ®f uno ®rig3mal p®ridctfte I;mrma
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prob-a"gr reouifeed 3n the  furmer  Bexpesdefroizat3on of ,the perddctite art  i>h©

dgiv©1opraeut,  of  some  feddapar in the body.  It  is .tlan]gife  that  The  sotEFe©  ®£ the

ancmalous  RErothermal fl;iaid3  l±eB  ±n :-in® rfueraife®Fg  T.7®ceBBary fop th®` 1¢pr

texperafure, l±qu±riutate ±mt"gien ¢± the pgrddettke:

The major  Offeet8. of. the  lgivr8theanal  aa?±vidsr wcr® i;ha  devdiflqpmc=rfe  of I]grdi:ro-

themal  in  Qhgpe` {Ses under §eGEion as -55j6}  ±n i:imeeoiatBd  izene8S  ;ti  JchL a

deved.omient  of  queertB calcife® maiE8  outi;ing both  the me3tased±me!arrbB  end i:he  ±jEReous

±m:i,Ii2siir©.  in those veins  out;S±ng  the pepidctite,  the  qua3rt,a  is  affldrREry8t,:ire.

Veins;  containing  qunrt¥  &rd usae35r:1  apatite kearm been found  outt±ng  ourfBce  ex-

poerr©s  of the  Ha8tschl  lfuBSE+,Dp.a.  Veins .®f trydHdyl  {?}  apatg.t®  hgrtre b®en  fqurfed,

cutt,±ng  bh®  hoFnf®1se.a  ±m the  copes.  One vein ®f  fibgico±s  aragorfuke ira8  fo[mfi ±n the

thin g©ctior;a.  givte and  came perELt.e has b®ean found in the  quifeB veins.

The paragenedic  seqLience ae  far aB Can be £Jeterrfu®d uns  flrBt the drFTdrrmt

of the ;h©rf,  f®Howed b]r the intmdrctien of the +Bin quart;az  anS  ealcite.  The

ca€act  pe§itior*  ®f th.g ot,fror ndngralg  in thee  sequence  rg"ii#.S tunc@rta±n.

The degr®8 og h`,rdrothermal  83Iicifieat,ion of the country frock  is unceltinins  but

it,  i8  probdrLlr versr  allgife.  Vtry llttlc  nddenc© for 8®conda3H/ grrovj*h eg quarfuE

grainf;  3m thee  quarfealdes has b®eri  found.  Sore of the  qua3:rt,&  found  in  ttt© toHp

ffilseB mgEr be  ®f 2givh.eREal  ordg.in,  tot  ib  Becas more  1±ite=Er that  it  1g  gL ]]3etgh

mc}xplrio  gQor©E&t,e.

the ftyrdrotherm2i  gctiwity, begas©§ fi!ri3!hering the a].keration of th.e peridetlteg

nay b® rexponsi:tfl® for  soHe  ®f ewe alt©"ifeon of 4h® hormf®1iies back to  Stry end

t.tie redevchapm"t o2- olfty rfueral© in €hB qua:rt>zites.

€oH€ussoEre
{,„

the SHrm Gfty peddot±te la a len-teapea:rfure s±munse bodF.  natruBien ie3 - '-:.:`£.:  -

pr®bch].F ±n  tfa®  1±q}i±d  eeateS  the rfu®rml±B®ps be-ing  2.®s§ponal;bl®  fog  later  !ag§;naro-

th.®rma.i  aet±;v±nor.  Bcaeedc  al?eFation was ppobabdy rpspenfbl@  for tzra dg'vchoprent

es the pm®gxpite fa the aeets;  EtELndmg  irfe"sion,  the :]rack 5utf©r8d -inben3e
alte¥&tioH chndmg chjch the  prdgivnfi ®Iirf.ne and ®thar pzrfuary rdngrrfugi were rm-

ir®rded langchy to  6er?ede±ne;



td6I

L

Efro  smaHl  Size  Qf i:he  contact  &t2re®1®  58  indicatiFTe  Of  the  io¢F taperaturi®

ef  the £]rfemsien.  Thei thanal mct,anoxpELSBn ®£ the  caeut,ry groc2€ flm the ailrcole

has  resRIlted  .ln  i,h©  dgiv®1oprewh  of quautcktes  snd  cm®rite`ng®rd¢i-b©  horm¥Tchge$

1ndic&tive of Jb2he lamaF  grates of th@mal medanoxpfism.  Ttmden€i€s tcarard  pro

ferret oFiend>&t*on Of the rdmcaal® 3n tiro m®ts€dfrotB  is  g€n®rmHgr paraEla to

the  tEmees  Of fomenr bedding:  m5 may be pagivlgr fro® te  i±faa  3nffiiexee of loed

drring  thermal nzet,amoxphisan:  The faflueae© of tecB®rdo  foFceB  is  bhogmb  to b®

pFactic"gr rful.
Imt,er twdr®thermai as{.±vifty is thougife i,a b® r®aponB±blg fop the  f®REtion

og  charts  in £€riedrfu porfeionB  oF, the contact enare®1f9o  as ig®11  a.3  the  formattica.

of  quaFt&utalcibS veiri@  and  quarti8-trydrny:1  Eipaitlfae v©-ing,  The 13tegr ftyFdrmtkeinal

aetlvl±3r 18 £Gt thougne ±o be rsaprmsibls for the g±liedfied ca&ture Sf the couz]try

roc}g.  It ls, aer® IIItalgr due t®  DecrgrgtalliBatlm derdmg  i.hcarmal m©tancffphism,

fironetheles3S  ts7drothenal  quarfea deed:vet faon a p®ridot.its Hiagrna ic  reeognlzed

®8  anedoug.
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J\.ddenda
i-Laport  on  Silver  City  Perido+uite

`L'he  seci:.ion,  out  ty  Prop .  Kinr.iey  a.nd  described  as  Luypical  of  certa.in

vein].ei-.s  out,+uing  i,he main body  of  the  igneous  rock v.Fas  found  i,o  contain.  the

folloiulng miners,ls  in #h.e percentages  listed:

L

i.Jineral

(..uctrt'z`

Calcite
•t

Phl08OT)it,e

Clay mat,erial  and  limonit,e

P]yrite

I,,Iagnct.i-i--.e

•A.petite

Peminite

Pe]..centc?~`ge

37

23

15

11

9

1[

i
trace

100,g

Remnan+,  inclu.sions  as we].1  as  mineral  boundarit3s  indicate  Ju-uha`t  the  phlo-

qopit,e i`,ra.a  T)resen+.  prioa}  to  the  developmerii:,  of  the  quar+,z  and  calcite i'j.hich  replace

it,.  Tne magnetite  a;ppeci,rs  to  have  formed prior  to  the  o~uartz,  biit  its  relation dith

+.t2e  phlogor>E:.te  sec!r:1_s  indetermina;te.  T!?.e  p:.rrite  and  the  a_u€.rt,I.,  care  probably  syngenetic,

bc>t,h  of t,horn  ha;ving  developed  prior  t,a  the  ca|cite.

It  seers probe.ble  that the znfgnetit,e  #,  cla5r minerals  and linonite  (except,
` t.hal  derived  fl`om. i-}Ie  alters.tion  of pyrite)  were  developed  iJhrough  the  silicificafion

of  i,he  o].-iginal peridotite.  The penninite,  also,  probe,.bly  fci~11s  in this  same  cat,egory.



READmTGs  ON  slljvm  clTr

T`'.`enhofel   (1917)  The  Silver  City  quart,zit,es,   etc. :

Dic.tt  no.'c,. belie-v.a.  i,I}e  !t`et,:]]Iloip}iics  to  be  relat,ed  to  intrusion..

TT.renhofel   (1928)   que  met,amorphic  .rock:  of  I.roodson  Count,y,   h'ansc.+s:
i

Debat.ed  presence  ol-  an  inJurusion.

I.foorc   (1920)  .Am  outcrop  of  basic  igncous`  roclc  in  h'ansas:      /ifc^ /¢L.

u

_--
Jiri riL. I,\ i  rvnd_

PLoc}c  described  as  a  kiin'oerlii:.e  or  porph:,rritic  peridotitc.  Bmcite  and

chromite  described  in  the  thin  sections.  Chromite present,  as  blobs 1.Ilt'n

bror'`,in  I,I.1.nsluscent, borders.

I.`icrcscopic  Chars.cter :
/'Ground;ass.  Pr.ire.ry minerals:  Chromite,  black  ancl.  opao+ue,  in  ir-

r`i.gular  ?r.-iins3  usl'`,ally  shoe.ring  a  limonitic  st.ain  a..oout  +i,he borclc2rs,  and  in

a  number  of  cases  su.rrounded b:.r ka`olin  st,ained  reddish broun b:r  the weathering

of  t,hc  chrom.5.+ue,  5  €ol0  per  cent  of  groundmass.  }Jo  .oiotit,e  1.ras  recognized

in i,he  se,ct,ions.
``Scconda]:]r  mirierals.  The  groundrrass  is  chiefly  composed  of  serpent,ine

a.nd  calcite.   The  serpent,ine.  is  in pale  greenish-#ellov,r rna.sses  a`rld  ,st,ringers,

arid  i.hc  calcit,e  in  irregular  grains.  These  two  secor`^dary minerals  brcalc up
)

t,he  outline  ol.  JULuhe  origiil.al  m5.nerals  a.nd  produce  a  heterogeneous  r.ass  i.rhich

is venr  difficult  to  i'den+uify.  The  striking  featul.cs  of t,he  groundrass  are

the phenocrysJULs  a.nd  th,e  inclusions.

/i Phenocrysts.   (a)  Some  of  the  phenocryst,s  shoi.`;-fairly  sha.rp  a.ncry, lap

ouJULlines  I.-hich  are  recognizable  as  original  pproxene  crystals  nor changed  to

pc..Ie  }rellol...,- ish  gi.eon  serpent,ine,  green  chlorite  and  calci,t,e.;   (b)  some  are
(

rounded  grains,  which .sho`n,.  irregular  cracks  cand  coloration ..rarying  from pale

yellowis,h-green t,a  darker  green,  these  are  regarded  as  al.i,ered  olivine  cryst-

a].s;   (c)  a  considerable  port,ion  of  I,he,  apparent  phenocrysts  vary  I-ron irreg-

ularly  angular  i,o  r`ound?d  forms,  are  of  extremely variable  sizes,  generally

lc?rger  I,hen  (a).  and  (b),  and  shoi.`.r  zonal  bands  about,  +i,he  rna.¥gir.s.   in  plane
\`

polarized ,light  the  color.s  are pale yellowish-green chth  a border  zone  of
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da .-.. kei.  tone i,I,rhich  is  disti.nctly  grcanulai.  Under  crossed  nicaas  i,hcsc  Ftasscs

a.re  seen  i,o  be  composed  ol-  a.n  aiggregat.e  of  ve.ry  fine  gr<r3,ins,   chiefly  quart,z

a`nd  ka.olin  and  some  feldsp<T1,I.  T.hcsc  pseudophenocrj,{sts  I,hci.efore  are  regarded

as  incliisions  of  shale  in  a  more  or  less  all-,cred  condition.

.../' studied  Toy  I.,air.  '{'.I-.   Hal.old  To:rl`£nson,   of  Si,.irart,hartre,   Pa. :   I sf.mples

2  a.nd  3  cl.Te  met.anorphose,d  bc-.sic  igneous  rocks,  pDoba-oly  dil.:e`c„  .Sect,ion  of  ¢

SaumTilc  2  shcr`.,'s  serpentine  and  calcite  to  be  i,h6  principal  miners.1s,  apat,iJLue

a.nd  a l`18ctc  (broi.in. by  i,a.nsmitt,cd  light,  i`.Then  very  I,bin) ,  met,allic  mineral  of

+,he  isome.I,Tic  s.I,.rstem,  probably  chromite,  arc  a,ccessory.   T!ie  rock  is  i,hic?dy

po]:.phyritic.   The  phcnocrI.,rsts  i'rfeich  form  a,bout-,  half¢  the  rock  are  r.ounded  and

consist  o:T-  serrtqrfuine  a.nd  ca.1cite  replacing  olivine,.  A  fci,.7  he.ve  i,he  form  of

a.1.i.Hit,a,,  bi.'`t,  c..s  t,h.c  angles  h8.vc  becr^  rourtded  in  alt,era -..-. ion  it,  is  ixpossible  +I,o

st?.y ilrhat,  proTiortion.  The  ap.atit,e  occurs  rat,her  thickly  in  .gr.all  rounded

cr]..rst,a`1  grains.  There  is  a  little  chlol.ite 1].|t,h  the  sexpeut,ine.  SaJxple  3  is

a  verT,r  similar  rock,  bu.u-u  does  not  have  thc  a.pat,ite.  Some  of  t,he  p.ficriocrys+us

in  t,his  sfixple  are  al.i,ered bioti.t,e,  s.one  pi.cia.Edy  a.ugite,  but,  i,he  great m€..iorit5

a.1tcred  olivine.  Tnere  is  relat,ively more  calcite  a.nc:i  less  seITjentiBe.  Brucite

t,rag  founcl i'dth  the  sexpenLuine  in  an  altered  phenoc-ryst.  oi-  olivine.  Metanor-

phism b}r  carbonat,ion  ancftyrdrat,ion  is  ext,reme  in both  saxples.   I 1..I.rould  clas-

sify  2  and.3  as  kiinberlite  or porphyritic peridotit,e.I

/'It |...,rill  be  nc`tcd  tha]t,  Mr.   Tomlinson mal{es  no  ment,ion  of  the  trype

(c)  psue€o  Dhenocrysbs  or  Shale  inclusions.  It  is  poss`ifele  tha.i  his  samples

mar`r  not  have  containecl  t,hem,  though  t,his  seems  unlilccly  in viei'.r  of  their

T,'ridesoread  occurrence  i,hro\.gh  the  igneous  rock  in  all  parts.



/--#?,
H=

i_Z_i
a, DlscussloN.    AAP6    /#`6       io35

/rcfG#£/y  in  any  Particular  segment  of  such  an
in]bricate  complex;  that it must be free of subse-
tiucnt  deformation;   and  that  a  specific  rock  of
.id\.anced  tectonic  transport .must  be  exposed  as
roots  at  any giv.en level of  erosional truncation of
`thc  coipplex.  Regarding  the. ihvolvement  of  pre-
cambrian  rocks, and ih addition  to  the foregoing,
can  it  be  categorically  denied  that  tbe  structures
i|i`.o|ving   pre-Cambrian   rocks   in   the   Arbuckle
}{ountains,  for  example,  do  not  relate  directly to
0-Lmchita tectonics?

7.  The lack` of evidence over large areas is nor-
mal  for  occurrences  of  isolated  klippen,  for  all
k|ippen  exist  only  as  a  consequence  of  removal

ca§ion  to  credit  Bretz  (1965)   for his  recognition
of  the  geo77!,orpfe!.c  anomalies  involving the  "  .  .  .
curious  .  .  .  survival  of  Precambrian  [St.  Fran-
cois]  mountains   [which]   have  rema.ined  without
any  notable modification  through  the  vicissitudes
of   all   subsequent   erosion"    (p.   21);   and   for
pointing.out  that  the  "complex"  drainage  pattern
"  .  .  .  fits  no  textbook  classification."  In  his  re-

view  of  the  Bretz  paper,  Holmes   (1965)  seems
equally  discontent in  his  notation  that "  .  . .  by
far  the  most  enigmatic,  are  the  [pre-Cambrian]
St.  Francois  Mountains which  .  .  .  have  stood  a§
topographic  eminences   through  much  of  subse-
quent

c!scwhere of the thrust plate.
The  comment  on  the  St.  Francois  felsite-gran-

itc-diabase relations is a complete irrelation ignor-
ing  that  part  of  the  paper  which  mentions  the
undeniably  autochthonous  pre-Cambrian  crystal-
lines  in  the  eastern  part  of  the  area.  It  is  these
rocks that are the subject of Robertson's abstract
(1965).

This  reply is  not a  defense  of  tlie St.  Francois
thrust  interpretation,  for  such  is  not  called  for
|]}7 the preceding  discussion.  It is  merely to point
out   that   none   of   the   discussion   disqualifies   or
\`teakens   that   interpretation.   The   St.   FraDcois

;      thrust  will  be  demonstrated.or  disproved  in  the
St.  Francois  Mountains  of  Missouri  and  neigh-
l]oring areas.  If  the in'terpretation  should prevail`
the   Ouachita   belt   will   remain   the   most   likely
source   for  the  reasons  stated  in  the  paper,  at
least  until  a  seemingly improbable  and  more  dis-
tant  source  may  be  shown  to  have  equal  poten-
tial.

Finally,  it would be remiss  not  to  take  this oc-

gLmL±ij!£Ltbeirp_all.ial]r._exLh_umed+za
carry  no  record  of  peneplanation§  that  have  re-
peatedly beveled the surrounding Paleozoic forma-
tions"  (p.  823).  At this point it seems more than
mere  coincidence  that most  of  the glan.ng  drain-
age  incongruities,  which  Bretz has ingeniously at-
tempted  to  explain  (but with  somewhat less  thaD
complete  self-assurance),  actually  should  be  an-
ticipated if  one were  to  envisage that tbe princi-
pal  streams  may  have  been  let  down  through  a
wasting plate  of resistant I)re-Cambrian rocks-a
conditiori   requiring   continuously   varied   adju.st-
ment of tributaries to the ever-changing terrane.
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OZARK  PRECAMBRIAN-PAI.EOZ0IC  RELATIONS :   DISCUSSION   OF
IGNEOUS  ROCKS   EXcOSED  IN  EASTERN  KANSAS4

PAUL C. FFu±®
Lawrence

INTROI)UCTI0N
In  a  provocative  article  on  "Ozark  Pre-Cam-

brian-Paleozoic  Relations,"  that was published  in
`Rclease   for   publication   authorized   by   the   di-

rcetor  of   the   State   Geological   Survey   of   Kansas.
•\Ianuscript  received,   December   2,   1965.

i.     `.a;&S!;t:i §::I;:gcal   Survey   of   Kansas,   The   uni.

the  October,  1965,  issue  of  this  j}#JJej¢.#,  Harry
E.  Wheeler proposes  (p.  1655-1657)  that  the ig-
neous  and  contact-me[amorpbic  rocks  exposed  in
Kansas may be mppen derived from his so-called
St.  Francois   thrust.  Field  and  petrographic  evi-
dence,   much   of   it   already   published,   Legates
VAeeler's thesis.

i-I.r.-



DISCUSSION

FIG.  1.-Outline  map  of  Kansas  showing  locations  of
exposures  of  igneous  rocks.

AI,KAI,INB  UI,TRAMAFIC  ROCKS   NOT

EVII)ENCE  0F  THRUSTING

Harry E. WIIeeler  (p.1§56,1658,1659)  stresses
that   the   alkaline   ultramafic   rocks   of   Kansas
(Fig.  1)  are not part of a normal cratonic associ-
ation.    Concerning   the   peridotite   intrusions   of
Riley  County,  Kansas,  he  states   (p.  1656)  ``.  .  .
that  they  may  represent  parts  of  a  body  whose
more  appropriate  original  emp]acelnent  was  geo-
synclinal   rather   than   cratonic."   However,  it  is
important  to  note that peridotites  can  be divided
conveniently  into  three  classes:   (1)   those  whose
association  is   geosynclinal,   (2)   those  associated
witb   stratified   mafic   plutons,    and    (3)    tliose
whose   association   is   cratonic   (c/.   Turner   and
Verhoogen,   1951,   p.   225,   239;   Davidson,   1964;
Bailey,   1964).   Peridotites   of   geosynclinal   and

plutonic associations differ markedly in chemistry
and  mineralogy  from  those  of  cratonic  associa-
tion.  The  geosynclinal   and   plutonic  peridotites
are   composed  largely  of  olivine,   enstatite,  and
diopsidic  augite.  Chromite and picotite  commonly
are the main accessory.ininerals. Alteration of ol-

e. to .serpentine ranges_ from incipient_ to  com-_
plete  in  peridotites  of  orogenic  regions.   Concen-
trations of alkalies are low.

In contrast,  the alkaline  ultramafics  of  cratonic
regions show considerable variation in mineralogy.
Sexpentinization   of   olivine   seems   to   be   nearly
complete  in most  alkaline  ultramafics.  Phlogopite
or biotite,  together with  diopsjdic  augite, alkali or
otber types  of amphibole,  and  calcite  or dolomite
are  common  components.  Relatively  exotic  min-
erals   (as  melilite,  pero.vskite,  chromite,  and  py-
rope)   are  common  accessories  in  some  alkaline
ultramafi'cs ;  locally, pectolite, magnetite, ilmenite,
diamond,  and  other  minerals  may  be  important
accessories. The rocks  range  from aln5ite through

kimberlite  to  mica  peridotite  (c/.  Kidwel],  194:
Martens,1924;  Singewald and Milton,1930; Ta*
and  Keller,   1933),  but  most  contain  appreciab|{
K20 or Na20  (for example, as much as 6 per con:
K20 and  I.5  per  cent  Na20  in mica peridotite a:
Rose and Silver City domes fn Kansas).

Brock  and  Heyl  (1961)  bave  summarized  date
on   the  widespread   occurren.ce   of   alkaline  ultra.
mafic  rocks  in  the  cratonic interior  of the Unitc€
States.    More    recently,    Davidson    (1964)    ha:
noted   the  cratonic   association  of  alkaline  ultra.
mafics  in  Russi`a,  and  Bailey  (1964)  has  stressed
the  same  relationship   in  Africa.  Thus  it  seems
that  the  mica  peridotite  that  has  intruded  Rose.
and   Silver   City   domes,   and   the  kimberlites  o:.
Riley County,  Kansas,  are in their proper  craton-
ic  association.  Hence,  tbere  is  no  need  to  postu.
late  a  major  overthrust  involving  displacements
of the order of 330 miles  (Wheeler,1965, p.1662.J
to  account for  the  emplace.ment  of alkaline ultra.
mafic rock in eastern Kansas.

ROSE   DOME

Granitoid  igneous  rock  is  found  at  the  surface
on  Rose  dome  partly  as  rounded  blocks  scattered
in the SE.  %,  sec.13, T.  26  S., R.15  E., `Voodson
County,  Kansas,  and  in  nearby parts  of  adjac6n'.
sections.  Wheeler   (p.  `1655-1656)   has   cited  this
enigmatic  occurre`rice  of  "granite"6  as  supporting
evidence  for  his  proposed  St.  Francois  thrust.

By use- of quotation marks in referring to Rose
dome   (.Wheeler,  p.1648,  Fig.1;   p.1655,1656)
and   by   direct   statement    (p.    1655),   Wheelcr
seems  to imply  that  Rose dome is not a structur-
al   dome,  but  rather  a  topographic  higb;   bence,
part  of  a klippe.  Tbe  "granite"  actually  i's  found
nea-rlh-e--a-p-eTX ---o`r+a   b-lea-chea  -d6rfuar stfu6ttlrr=
Structural  contour  maps,  using  the  base  of  the
Plattsburg  Limestone   (Pennsylvanian)   and   the
top   of   the   Mississippian  as   datum,   show  more
than   50   feet   of   closure   on   the   crudely   ovoid
dome  (Hambleton and Merriam,  1955, Pl.  2).

Wheeler  (p.  16S6)  also  t]ses  a  quotation  from
Twenhofel   (1926,   p.   403)   to   support   the  idL.a

he:eThteot:rmmph`£i2en{tte;';tist#:edro{cnkqoun°[ai!:£md:rn::

ii;i{irc:s[::i:i;§i::8;:e:eg.o¥nsit;err:t::;:ii::a:u;=F;:`o:I;:3i;;:i§:
{fte{]eds:PtaEe(I:rcaknE'ig£:63:.dE£Cre£:df°£tahfeeuc8::*!i¥c:
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on Rose dome, I have not. Be that' as it lnay, the
idea  expressed  by  Franks   (1965)   that  emplace-
ment  of  the  "granite"  probably was  as young as
Cretaceous  should  not  be  taken  as  casting. doubt
on ike validity of. the age determination made by
the  U.  S.  Geological  Survey,  but  rather  as  indi-
cating  the  most  likely  time  of  emplacement  of
the "granite" on Rose dome.

Franks   (1965)   cited  the  presence  of  hornfel§,
composed largely of  sanidine,  included in and ad-
hering  to  the  faces  of  a  boulder  of  Rose  "gran-
:.^ n  -a  a`t:Hpnrp  nf  the  intrusive  charact.er of  theto  envisage  an lntruslve  lciaiiuiiau,I ,........ _ .  _

thca`u-o-tairo-fi;-Wh-e-eleilmplies-that-TwenhofeL---itq:Liievidence._oJJhtiEtfg±ivjLCL±±E±£±!
did not believe in  1926  t.hat the "granite" ha.d in-      "granite"-%of  as  evidence ".  .  .  that  the--i  nce^r:a+pH  ioneous  and  owejot#orpfeic

that  th?   "granite"   on  Rose  dome  is  allochtho-
nous;  hence,  part  of  a  klippe.  Actually,  the  quo-
tation  fr6m Twenhofel seems  to  have been taken
out  of  context,  for  it  comes  from  the  introduc-
tion  of  the  paper  in  which  Twenhof el,  after  re-
{erring  to  his  ea.rlier  considerations  (1917,1919),
finally   concluded   that   the   "granite"   on   Rose
dome had been ip_trnded into the associated I'enn-
sylvanian  sedimentary  rocks.  Because  Wheeler's
statement  that ".  .  . Twenhofel  found it  difficult
•^  anuic:ag.a.  an intrusive relationship .... "  follows

•eler,1965,p.1662)       i
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truded the sedimentary section.
In his  1926 paper, however, Twenhofel actually

described  a  contact  that  he  found  between  the
"granite"     and    metamorphosed    Pemsylvanian

Weston Shale in the grader ditch on the east side
of  sec.   13,  T.  26  S.,  R.   15  E.   (p.  404-405).  On

page  407  he  showed  a  photograph  of  a  sample
that   he   collected   from   the   grader   ditch;   the
"granite"   is   in   direct   contact   with   metamor-

phosed   shale   in   the   sam|]le.   On   page   406   he
stated:

"The   theory   of   glacial   origin   for   the   granite

blocks is discarded, as the facts indicate that they
are the surface exposures of a granite mass intm-
sive  in  the  Pennsylvanian  and  lower  strata."

0`_-----
and  associated  igneous  and  owejot#orpfeic  rocks  at
Rose  dome toere  £%jr%ded into  the Pennsylvanian
strata  .  .  ."  [italics  mine],  as  stated by Wheeler
(1965,  p.  1656).  In  many  ways  the  information
cited by Franks  does not  cliff er appreciably fron
that  offered  by Twenhofel  (1926) ;  both  workers
have  found  metamorphosed  country  rock  in. di-
'rect  contact  with  Rose  "granite."   Moreover,  it

was  because  of  the  drilling by  the State  Geologi-
cat  Survey  of  Kansas  on  Rose  dome,  not  ``de-
spite" that drilling  (Wheeler,1965, p.1656), that
I  continued  to  think  that  the  "granite"  showed
intrusive  relations  with  the  enclosing  I'ennsylva-

ln the same article (p. i411)  he stat.ed:

". .  . it is concluded that the granite blocks which

are strewn over  the surface of the Rose dome a.re
the  surface  exposures  of  a granite mass  that was
intruded  into  the  Pennsylvanian  and  lower  stra-
(a."

Wheeler  (p.  1656)  also  credits  me with  a per-
Sonal  communication  to  Merriam   (1'963,  p.  152)
u.hereby I relayed information to Merriam on the
Rl)/Sr  age  detemination  of  1,220  million  years
calculated  for  Rose  "granite"  by  the  U.  S.  Geo-
iorical Survey.  Actually,  E. G. Lidiak passed that
iil[ormation  on  to  Merriam,  and Wheeler's  refer-
•.nco  should  be  to   the  footnote  on  page  154  of
`Icrrian's  report. To  add  to  the  confusion, Mel.-
liam  (1963,  p.152-154)  did  attribute  a  personal
CIJmmunication  to  me. That  communication could
bc  taken  to  mean  that  I  have  doubted  the pres-
Cncc   of   contact-metamorphic   country   rock   on
R.osc  dome.  A|though`.others  may  have  doubted
lhc  occurrence  of  metamorphosed  country  rock

nian sectiori.
For  purposes   pf   this   discussion,   the  written

communication,   furnished  to  H.  E.  Wheeler  as
part of a letter dated December 2,  1964, will help
assess  the  state  of knowledge  of  the  igneous  and
metamoxphic rocks on Rose dome:

``Kansas  Geological Survey put down five shal-

low   drill  holes   in  t.he  vicinity   of   the   `granite'
boulders  near  the  a.pe±  of  Rose  dome  in  August
and  September  of  1964.  All  five  holes  were bot-
toned  in  unmetamorphosed  or  mildly  metamol-
phosed  Pennsylvanian  country  rock.  Two  holes
were   collared   in   metamorphosed   shale,  pierced
`granite,'   and   penetrated   subjacent.  Pennsylva-

nian  shale.   One  hole  was   collated  in  granitoid
rubble    and    penetrated    weathered    or    altered
`granite'     and     then     subjacent     Pennsylvanian

shale.  The  two  remaining  holes  pierced. `granite'
and  then  passed  into  subjacent  ultramafic  rock,
both  peridotite  and  a  mica-rock  differentiate  of
the peridotite  that is composed mainly of phlogo-
pite,   before   being   bottomed   in   Pennsylvanian
country rock."

Because  the  deepest  hole  drilled  by  the  State
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to  recognize  that  it  was  weathered  mica  perid:.
tite.  Rather,  he  described  the  weathered  perid.,
tite   as   "perhaps   altered   shale."   He   also   notc            jr {hc
"seams  of  dark  blue  (or purplish)  Stone  of gret            `.irli3l

hardness"    transecting    the    micaceous    soil   a,,:    i     i{itc  t`
ranging  in  thickness  from  1  to  12  inches.  Hc i;.     g     {+i[jng

Er§br;;;y::.:s;[efo:d§a::[r;v:::I;{§j:;o;fc{;s:t;o:a::ecs:I:::d:I;;s;:i:i,,:::;;:
the main body of the peridotite.

the  area,  but  found  no  sign  of  igneous  rock asc,,     +'  `r   lml

Geological  Survey  of  Kansas  was  only  90.1  feet
deep,  and  inasmuch  as  both  the  metamorphosed
country  rock  and  the  ultramafic  rocks  are  very
fine-grained  almost  without  exception,  the  term
"crystalline    complex"    employed    by    Wheeler

(196S, p.  1656)  may be misleading.
Inasmuch  as  dikes   or  sills  of  alkaline  ultra-

mafic  rock  similar  to  that  which  is  found  at Sil-
vcr  City  dome  have  been  penetrated  in  the  sub-
surface  of Rose dome  (c/. Twenhofel and Brem-
er,   1928;   Knight  and  Landes,   1932,  p.  6-8)   at
various  depths   (the  greatest  of  which  is   1,675
feet below  the  land  surface),  and because  of  the
intrusive   characteristics   displayed   by  both   the
"granite"   and   the   alkaline  ultramafic   rocks   of

Rose  dome,  it  seems  unwarranted  to   call  upon
large-scale  thrusting  to  account  for  the  emplace-
ment of the igneous rocks  found near the apex of
Rose dome.

SII,VER  CITY  DOME

The  Hills  Pond  Peridotite  (Wagner,  1954),  a
mica peridotite,  is  exposed  in  the  N.  #,  see.  32,
and  NW.  %,  sec.  33,  T.  26  S.,  R.  15  E.,  on  the
north  flank  of  Silver  City  dome.  Wheeler  (1965,

p.  1656,  1659),  in  a  series  of  statements  similar
to  those  referring  to  Rose  dome,  seems  to  con-
clude  that  the  ultramafic  igneous  rock,  which  is
intrusive  into  Silver  City  dome,  and  the  associ-
ated  contact-metamorphic  rocks  not  only  are  al-
lochthonous, but also  are in their present geologic
and topographic position as a result of large-Scale
thrusting.

Again, by use of quotation marks, Wheeler  (p.
1648,  Fig.1;  p.1655,1656)  seems  to  imply  that
Silver  City dome is only a topographic high. The'
geoloctc  map  published  by  Wagner   (1954)   and
the  structural  contour  maps  published  by  Ham-
bleton  and Merriam  (1955, Pl.  2)  show the  falli-
bility of that implication.

; Althougb metamorphic  effects  had  been  recog-
nized in the Pennsylvanian  sedimentary  rocks  on

ciated  with  the  metamorphosed  sedinents.  \.
did  Knight  and  Landes  (1932)   report  the  occc:.
rence  of  mica  peridotite  at  the  surface  of  Si|\.,
City   dome.   Although  Weidman   (`1933)   thou£.I
that he had  found  samples  of  igneous rock on t:.,.
surface  of  the  dome,  the  first  published  desciir,
tion of the mica peridotite itself  seems  to be the
by Wagner  (1954).  Subsequently,  Franks  (195rt

published  a  generalized  I)etrographic.  descriptif .
of  the  rock  and made note of  some variations :i
its mineralogic composition.

By   study   of   surface   exposures,   records,  ar,:
cores  from  22   diamond-drin  holes   (c/.  Wheels.
1965, p.  1659,  end  of  section  on  Diagnostic Crit¢.
rional  Associations),  and  of  samples  and  record:
of nearby oil and gas tests, Wagner  (1954)  four,
that  sills  of  mica  peridotite  finger  from  a  dik+
like  feeder  southward  into   Pennsylvanian  lim
stone and shale.  Moreover, Wagner indicated sil.
of  peridotite  that  are  as  much  as  1,000  £ee[ u.
more below the land surface on Silver City dom`
Subsequent logging by Franks of seven addition`
rotary  and  core-holes  drilled by  private  interes.`
testing   the   ultramafic   rock   for  ph]ogopite  ar,
vermiculite  does  little  to  modify  Wagner's  crot
section.

Contact-metamorphic    effects    at    Silver   Cit}`
dome are extensive and varied.  Contact-metamo!
phic  rocks  form  an  aureole as wid? as  1,000 rtt{`
around the surface exposures of the main mass t.:

Sandstone and Tonganoxie  Sandstone Melpbcrs C
the  Lawrence   and  Stranger  Formations,  respc`
tively,  have  been  converted  fr.om  relatively  fri3
ble   argillace5Es   rocks   to   dark   green   or   gr:`
quartzite   containing  appreciable  chlorite  and ;.'
which  traces  of  original  bedding  as  well  as  otkf
sedimentary   structures   are   wen  preserved.  T}.;€
various  Pennsylvanian  shales  in  the  contact  8'-'

==um-;;|i-i-an-£-;-I-=Si|v~e-i--€£t;rdome-in--N-.--I;6,ie£.-~mi€ar-peridot{tg_{Wagner+954|.mLIlel3:i
32  and  W.  y2,  sec.  33,  T.   26.  S.,  R.  15  E.,  for
nearly  50  years  (Mudge,  1880), it  was  not until
1928   (Twenhofel  and  Bremer)   that  it  was  sug-
gested that  the  metamorphism was  caused by in-
trusion  of mica peridotite into  the  Pennsylvanian
strata.  Hay   (1883,  p.   16-17)   noted   the  occur-
Ience of yellowish micaceous  dirt associated with
the metamorphosed  sedimentary rocks, but  failed
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`t\anian  limestone  is  transected  by  veinlets  of
:;utiic (Wagner,1954).

ciu.ng Hay  (1883,  P.  17)  on  the  causes of  con-
`¢{(    metamorphism    at    Silver    City,    Wheeler

iHi5, p.1656)  attempts to discredit Twenhofel's
Lj#estion  (1926,  P.  406+07,  410)   that  the  me-
•rT.oxphism   Was   Produced   by   intrusion    from

.rtofl..  Moreover,  Wheeler  (p.  1656)   exaggerates
gTH   importance   of   brecciation   noted   by   Hay
!`rs3)  and Wagner  (1954),  among  others.  Brec-
•jicd  country  rock  (mainly brecciated  homfels)

.+ hrgely  restricted  to  the  vicinity  of  the  ultra-
ffific body exposed  at  the  surface  of  Silver City
tog.   Moreover,   areas   of   brecciated   country
r*k probably do not amount to more than a few
jr? cent  of  the  total  area  of  country  rock  show--g*  signs   of   contact.  metamorphism.   Whee]er's

li2tcment   (p.   1656)   also  can  be  taken  to  mean
ihl  the  mica peridotite  shows  considerable brec-
!2ition. Brecciation  of the mica peridotite has not
!"i  reported  by  Wagner  (1954)   or  by  Franks
i }059). I have examined more  than 40  core sam-

r=ts and  thin sections  of  the  peridotite  and  bave
iHn  no   sign   of   brecciation   of   the   ultramafic
lorke.

Thus,  Wheeler   (p.  1656)   attempts  to  portray
:be alkaline ultramafic rock and contact-metamor-
frfused  country   rock   as   being   something   other
{hn  an  ".  .  .  altogether  cryptic  feature  on  the
fuusas prairie"  and  to  attribute  their  occurrence
!o large-scale  thrusting.  Tbe  conclusion  seems in-
*<ai)able  that  the  alkaline  mica  peridotite  has
iLscri intruded into  the sedimentary section on Sil-
tTr City  dome  and  is  responsible  for  conversion
oi  l'i`nnsylvanian  sandstone  to  quartzite  and  for
€"`.crsion of  Pennsylvanian  shale  to  liornfels.

ULTRAMAFIC  ROCKS   IN   RILEY   COUNTY

•`lkaline ultramafic rock now seen as  serpentin-
'L3.€!l  peridotite  containing  numerous  xenoliths  of

anrious  types  and  showing  signs  of  partial  brec-
{iition  is  exposed  at  five  localities  near. the  crest
a!  lhc  Abilene

rk   green   or   gra}.

;,:a:¥e¥:£ie;i.no5ihh'e:ri
'ithe  contact  all.

the  Permian terrane  of
;#.£!r}.  County,  Kansas   (Fig.  1).  The  rocks  have
ha  described  briefly  by  Moore  and  Haynes
SIOZO)     and     Byrne,     Parish,     and     Crumpton
{i056).  Dreyer  (1947)  has  publisbed  the  results
af  drilling  and   magnetometer   investigations   of

one  of  them   (Bala  intrusive).  Cook   (19S5)   re-

ported  on magnetometer studies of the remaining  t
four bodies.

Two  of  the  five bodies  of  igneous  rock,  Stock-
dale  intrusive  in  sec.  23,  T.  8  S.,  R.  6  E.,  and
Leonardville intrusive in  sec.  22,  T.  8  S., R.  5  E.,
are  remarkably similar in  litho`Iogy  and mineralo-
gy. Thin-section examinations by myself and data
published    by    `Byrne,    Parish,    and    Crumpton
(195§) `and  Bagrow§ki  (1941)  indicate  that these
two   bodies   are  kimberlite  containing  numerous
xenoliths  of  chloritized,  serpentinized,  and  other-
wise  altered  limestone  and  shale.  They  also  con-
lain phenocrysts of ilmenite, soine of which has a
peculiar  glassy  luster,  phenocrysts  of  chlorit.ized
phlogopite,  abundant  grains  of  pyrope,  dissemi-
nated grains of chromite, and  sparse magnetite in
the  serpentinized  matrix.  The  structure  of  much
of   the   serpentine   is.  suggestive   of   the   former
|]resence  of phenocrysts  of  olivine  and  pyroxene.
The rock also holds numerous veiulets and patch-
es  of  calcite.  In  addition  to  inclusions  of  altered
sedimentary  rocks,  inclusions  of  various  igneous
and  metamorphic  rocks  have  been  found.  These
include  gabbro,  gabbroic  gneiss,  pyroxenite,  and
schist  (Bridge,  1953).

The  Randolph  No.  1  body  in  sec.  35,  T. ,6  S.,
R.  6  E.,  and  Bala  serpentinite  in  sec.  6, T.. 9  S.,
R.  5  E.,  also  show  signs  of  brecciation  and  con-
lain numerous fragments of altered limestone and
shale.  The  writer  also  has  seen  a  well-preserved
crinoid  columnal  entrapped  in  the  serpentine rna-
trix  of  the  Bala  intrusive.  Both  serpentinites  are
cut by calcite veinlets,  some of which  contain eu-
hedral  to  subhedral  crystals  of magnefite  as  long
as  2 mm. in the a-axis direction. Irregular patches
of  calcite  also  have  replaced parts  of  the  serpen-
tinized  matrix.  Small  amounts  of  apatite,  chrom-
ite,    and   chloritized   phlogopite   or   biotite   are

present   in   the   Serpentine   matrix.   The   former
presence  of  phenocrysts  of  olivine  and  perhaps
also of pyroxene can be inferred from the texture
of  much  of  the  serpentine.  The  Randolph  No.  2
serpentinite in see.  27, T.  6  S., R.  6 E., is similar
to  the  Bala  and  Randolph  No.  .1   intrusives  ex-
cept  that ,it  holds  far  fewer  inclusions  of  altered
sedimentary rock.
tion,   abundance   of  inclusions,  .and   diversity`  of
mineralogy  are  mucb  less  in  the  Bala ,and  Ran-
dolph bodies  than  in  the  Stockdale-.imd  Leonard-
ville  serpentinites,   they,  too,  can  be  classed  as

i
:`

i,
1gr -~, r±ngREap.``                                                   i+',I                           +            :`f.i          J,l£1`;ky       i                '`**::+  ,.., +-.;g¥<I`fl,i,l><`:£`^

i.     "                                                     -.       +(,
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kimberlitic  on  the  basis  of  their  mineralogy,  tex-
ture, and structure.

Wheeler   (p.   1656)   maintains   that   the   mere
presence   of   the   Riley   County   serpentinites   in
northeastern  Kansas  is  "PrG.»}o  /oci.e"  evidence of
their  allochthonous  nature.. He  also  stresses  that
their  origin  more  likely  was  geosynclinal  rather
than. cratonic,  and  then  reasons   (p.   1662)   that
they too  are klippen  or  remnants  of his  St.  Fran-
cols  thrust.  Tbe  cratonic  association  of  intrusive
rocks  of the  type found  in Riley  County already
has  been  stressed  in  this  discussion  under  Alka-
line  Ultramafic  Rocks  Not  Evidence  of  Thrust-
ing.

Wlieeler   (p.  1656)   suggests  that  the  xenoliths
entrapped in the serpentinites most likely are tec-
tonic breccia, inasmuch  as  the literature available
to  bin indicated that the fragments were derived
only from Permian country rock.  My own  obser-
vations and those of Bridge  (1953)  not only indi-
cate  considerable  diversity jn  the  types  of  inclu-
sions,  but  also  indicate  development  of  reaction
rims  and  extensive  chloritization  or  serpentiniza-
tion  of  the  inclusions  of  sedimentary  rock  that
might be  difficult  to  explain  by tectonic  activity;
hence,  the suggestion  (Wbeeler, p.  1656)  that the
sexpentinites  or. kimberlites  did  not  pass  through
the  entire  Paleozoic  section  of  tbe  region   loses
strength.

Althougb  Wheeler   (p.   1659)   stresses  the  im-
portance  of  drill-bole  information  froln  the  var-
ious intrusives in Kans.as,  he  (p.  1656-1657)  sug-

gests  that  drilling  information  on  the  Bala  intru-
sive shown in Dreyer's  cross  section  (1947,  p.  26,
Fig.  4)  higbt.have been jn error because of cav-
ing, or that the igneous mass might have been ". . .
driven  down  into  weaker  rocks  beneath."  Drey-
er's  crosss.section  shows  that  one  of  eight  drin
holes  penetrated  about   148  feet  of  sexpentinite
without  penetrating  sedimentary  rock,  and  it  is
dfficult   to   visualize

have  completely  masked  penetration
e¥.g5tlr___hot_v__cq_vine_fr_o_ap

Ove might
of  Permian  country  rock.  Dreyer's  cross  section
indicates,  even  allowing  for  its  vertical  exaggera-
tion of  lox, a shape for the Bala intrusive that
would   be    difficult    to    achieve   by    driving    it
".  .  .  down into weaker rocks beneath."

Wheeler   also   cites   the   supposed   absence   of
contact-metamorphic   effects    (p.   '1656)    of   the
Riley  County  igneous  rocks  on  Permian  country
rock  as  indicative  that  they  were  not  intruded

emplacement  of  ultramafic  rocks  commonly
not  induce  apprec;able metamorphism  of  con
rock.  The  description  by  Parham  (1963)  of

from below. As  noted  by Clark  and  Fyfe  (19

i:
rus

i:;:;.:-:::=i::

-,t,

withtheirpermia-niL-:;I-o-c'k-;-ar-e-i;.;i'ed:Fdt::.c
_   _____      1         ,        ,               ,

contacs   of   the   igneous   rocks   of   Riley

completely  by  surficial  deposits.  Cook  (1

fr8o:)[respe°:teendt£::taettha:Ce°£toascetd°jytht:e:cab:#e;`;

]t;V°w]e°rceat;°e::'c:i,ata:hde:h:t°Stehdec;netra=::napcpoaur#si:a:i

:::fesd;:spegreaa`:a¥sf::¥.t#eorfegonve:r:stFeatce::arfe:;
rock  exposed by  the trenching does  show  sig
mild  thermal  alteration  as  well  as  fractures
by  veins  of  calcite  adjacent  to  the  intrusi\.
G.   Brookins   (Kans.   State  Univ.)   reports
communication,    1965)    that   he   also   expose4:;`,`"I
country  rock-intrusive   contact  at   the  Stoc
body  and   that   the   Permian  sedimentary
show   signs   of   mild   contact   metamoxpbis

Although  Cook  (1955,  p.  485)  concluded
his  magnetic  surveys  that  the  main  mass  of
Randolph  No.  2   s:rpentinite  may  not  Cite-;-dT|.:  a:
great  depth,  he noted  that ".  .  . magnetic data
not  preclude  the  possibility  that  a  small  igne
feeder  may  extend   to   great  depth."  Thus,
bulk  of  the  evidence  from  the  igneous  ro
Riley  County  verifies  their  intrusive  origi
precludes  their emplacement by large-scale i
ing  that  had  its  root  in  the  Ouachita  geosy

(c/. Wheeler, p.1662).

SUMMARY

Tbe   widespread   occurrence  of  alkaline
mafic  rocks in  the  cratonic interior  of the
States  and  fn  other  parts  of  the  world  in
that_large-_slale_ thrustiog_ is_ urmecessary_
count   for   emplacement   of   alkaline   ultr
rocks  at  Rose  and  Silver  City  domes,  Woo
County,  Kansas,  and  near  the  crest  of  the
lene arcfiin Riley County, Kansas.

The sill-like  form  of dl-tramafic rock intercaii:?`
ed  with Pennsylvanian  country rock on Rose a
Silver  City  domes  and  the  p-resence  of  horn;I`C;"i:
and   other  contact-metamoxpho§ed   country  rr
demonstrate  that the mica peridotite has intru`;
the  Pelinsylvanian  section.  Although  the  Prei6|.!u`

Ka
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the  United  States:  U.  S.  Geol.  Survey  Prof.  Paper

Bj#rmi±Parish,andC.F.Crumpton,
1956,  Igneous  intrusions  in  Riley  County,  Kansas:

LGrieolegkistsBuli.,v.4o,p.of  Kansas,  indicate  that  part

I,rian  age  calculated  i.Qr  the  "granite"  found  on
Rose  dome introdu.ces  problems in  accounting  for
the  intrusive  relationships.  shown  by  the  "gran-
ite,"  the information given by Twenhofel  (1926),
together  with  the  contact  effects  and  inclusions
noted by Franks  (1965),  and  the intercalation of
the  "granite"  with,- or  penetration  of  the  "gran-
itc"  into,  Pennsylvanian  Weston  Shale  on  Rose
dtimc  determined  from  holes  drilled by  the  State

ical  Surve
o{  the  "granite"  also  has  intrusive

!        I,eolog

with Pennsylvanian country rock.
Similarly, drill-hole information and magnetom-

cter   surveys   of   the   Bala   kinberlite   in   Riley
County,   Kansas,   indicate   that   it   has   intruded
Permian  country  rock.  Magnetometer  surveys  of
the  Randolph,  Leonardville,  and  Stockdale  kin-
licrlites,   also   indicate   an   intrusive   relationship
u.ith  Permian  country  rock.  Moreover,  exposure
oi   contacts   between   kimberlite   and   Permian
Country  rock  at  the  Randolph No.  1  body  shows
that the country rock dips away from the igneous
material   and   that   the   country   rock   has   been
affected by mild  contact  metamorphism  compati-
blc  with  the  low-temperature  emplacement  com-
monly    noted    for   kimberlite.    Similar    contact
ciiects  are  reported  for  the  Stockdale  kimberlite.
Poor   exposures   prevent   direct   observation   of
kimberlite-country   rock   contacts   at   the   Bala,
I,eonardville,   and   Randolph   No.   1   kimberlites,
but  the  absence  of  exposures  of  the  contacts  is
not  justification  for  calling  on  large-scale  thrust-
ing  to  account  for  their  emplacement.  Moreover,
the   diverse   types   of   inclusions   found   in   the
Slockdale  kimberlite,  and .the  reaction  rims  and-
Other  alteration  effects  seen  in inclusions  in all  of
the  Riley  County  kimberlites,  not  only  indicate
that the  igneous  material  passed  upward  through
more  than  just  the  Permian  section  found  at'  the
Surface  in  Riley  County,  but  also  that  whatever
Fluids   were  present  wit.him   the  kimberlite   mush
V.:hen  it  was  emplaced  reacted with  the  xenoliths.

Field   and    petrographic    evidence,    therefore,
dt.monstrates   that   the  igneous   rocks   in   eastern
Kans'ds  \vere  intruded  int,o  the  Pa.Ieozoic  sequence
31`{1  that  these  rocks  are  not  evidence  supporting
f.tistcnce  of  the so-called  St.  Francois  thrust  Pro-
[rosed  by  Wheeler   (1965).
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REPLY  TO  PAUL  C.  FRANKS7

HARRY E.  WHEELER

Despite   bis    discourse    on   ultramafic    rocks,
Franks'   cited   references   either   fail   to   demon-
strate  or do  not support  his  contention  that  alka-
line  ultramafics  are  typically  cratoriic.  Regarding
the Turner and Verhoogen reference, in  terms of
cases, the ultrabasic rocks  of Uganda are confined
to  the  great  rifts,  a  tectonic  environment  which
differs  radically  from  that  envisaged  for  north-
eastern Kansas.

The  Bailey  reference  contains  no  mention  of
ultrabasic   rocks.   The   Davidson   discussion   con-
cerns ultramafics in the geosynclinal-cratonic bor-
der region  of  eastern Siberia,  involving  diamanti-
ferous  breccia,  whose  relations  are  botb  anoma-
Ious   and  admittedly  highly  speculative.   Finally,
contrary to Franks, the Brock land Heyl reference
does  not  summarize  the  data  on  ultramafic;  as
such in  the  cratonic  interior  of  the  United  States
because   these  are  lumped  with   rocks  of   lesser
mafic content.

Regarding  alkaline  ultramafics,  there  may  in-
deed be good bases  for a generalization that such
rocks are  most  characteristic  of the geosynclinal-
cratonic  border  regions,  but  Franks'  implication
that  they  are  typically  cratonic  has  no  properly
objective foundation.

Franks implies  that the magnetometer data are
amorig  those  demonstrating  the  intrusive  charac-

sedinents.   However,   he   indicates   neithe]
character nor tbeir significance with regard
possi,b]e   involvement   of   sub-Permian   Pa
strata.

Altbough   the   northeastern   Kansas  bret
ultrabasic  rocks  were  cited  in  the  Ozark pa
incongruous,  it  was  clearly  stated  that add
critical  data  are  needed  before  their  in`te]
tion  can be  establisbed beyond  doubt. Fran
view  of  the  literature  and  his  statement
judgment do not fill  that need,  and  the .sam
be  said  for  the  exposure  at  Silver  City  dc
southeastern Kansas.

Rose  dome  is  another  matter.  Here  crys
rocks  of pre-Cambrian age rest on Pennsyl'
strata  belonging  to  a  normal,  almost undef
Paleozoic  succession.  Unless  one  Can invok€

plausibly  demonstrate)   some phenomenon
unknown   to   geology,   the   Rose  dome  pro
brian body must be  interpreted  as  allochth
The geometry of this simple relationship ha
demonstrated  by  five  drill  holes.  Franks'  :
tedly disputed judgment as  to  "contact me(
phism"  of  the  Pennsylvanian  is  not  plausi
terms  of  the  overwhelming  evidence  of  th
Ometry.

The fact that the strata may be slightly t
in  the areas  of  such klippen is not surprisir

f- the-mo rtheasteTn-Kansa s-i]ltrabasic-Tacksi ---- cause-different iaLsoluti o n-a i lhe-carbona
whereas  Cook's  own  evaluation  of  tbese  data  is
that  they may not  extend at depth. The fact that
these  data  ".  .   .  do  not  preclude  the  possibili-
ty .  .  ."  of a  small feeder is 'without weight in the
discussion.

Franks implies that there are breccia fragments
in  addition  to  those  derived  from  the  Permian

'Reply   received,   Dcoember   2S,   1965.

stituents of underlying sediments Should be
pated  where  the  klippen,  though  now  dimir
have served as local watersheds.

Thus,  as  stated  in  the  paper  under  disct
the   Rose   dome  pre-Cambrian   rocks  appt
comprise  one  of  the  many  klippen  in  the
region  as  a  whole.  In  view  of.  its  proximit
certain   similarities,   the   Silver   City   dom€
Jz.EeJy  candidate  for  that  Same  interpretati'
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PECTOLITE  IN  MICA  PERIDOTITE,  WOOI)SON  COUNTY,  KANSAS*
Ptvpye``

thf%`:gfo\o3„o,s„„c„pbA„:crcs.,,;Ro;Nix:„fas,£o7„„:Z;:,_i_:,::;~S

Pectolite has been identified by optical and .rc-ray diffraction techniques
as a major constituent in the groundmass of one facies of the Hills Pond
peridotite, section 32, T. 26 S., R. 15 E., Woodson County, Kansas. The
occurrence  of  pectolite  as  a  major  component  of  the  groundmass  of  a
facies of peridotite seemingly is unique. Pectolit:e has been recognized as
a secondar.v mine°|al in cavities and seams in mafic eruptive rocks as at
Weehawken  a,nd  Patterson,  New Jersey,  and  as  a  minor  component  in
syenitict rocks  as  at  Hot  Springs,  Arkansas  and in  the  Kola  Peninsul.1,
U.S.S.R.  (Dana and  Ford,1932, p.  S67).  Some pectolite has  been found

* Publication authorized by Director, State Geological Survey, University of Kansasi

Lawrence, Kansas.
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where  serpenLinized  ultramafic  rocks  have  bee.n  intruded  by  younger,
lessmaficrocks(Blo.\-am,19S4,p.527;Parsons,1924,p.55-57}Further,

pectolite   has   been  reported   in   South   African  kimberlitc   (Mountain,
1931,p.70-74)asencrustationonlessmaficforeigninclusions,onslickenr
side   surfaces   bounding   the  kimberlite  pipes,   and   locally  as   isolated
spheres and tufts in  the kimberlite.

The  IIills  Pond  peridotite  has  been  napped  by  Wagner  (1954).  It
cropsoutinthecenterofagentledomeandisboundedonthenorthby
a  fault.  Sills-Of  the peridotite  finger from  the  main  body  of peridotite
along  the  fault  southward  into   Pennsylvanian  shale,  limestone,   and
sandstone.  Thin-section studies of samples of the peridotite  taken from
both  the outcrop and diamond-drill core show  that, in most places,  the
rock  is  a  Sernontin;7aH   th:^.   -__u   .., _  ____ ,...  +++v.I  I+ial,ca,   llle

ie!r;n;:g:;::a:|pedsREgr¥:serpentine grT6IHali=-;jg.- Miiij= constituents____   _v^...+.u.i£,.a  iiiiiiiue  apatite,  magnetite,
and  perovskite.  Locally  in  the  subsurface,  the  rock  has  a  groundmass
that is composed almost  completely of fine-grained phlogopite and con-
tainsphenocrystsofthemajorconstituentsgivena,hove.Atthesurf.ace,
theserpentinegroundmasshasweathe.redinlargeparttonontronite(?)`~
andthep.hlogopitehasweathgredt6`amixed-layervermiculitemineral.

The pectolite  was  foind  in  a  thin-section  of peridotite  core  samples
fromasiHthatisatleast30feetthickandwhosetopisata.depthof765
feet.  The upper  10 feet  of  the sill,  which  intrudes  dark-gray  Galesburg
shale  (Pennsylvanian),  contains pectolite  as  a major component  of ,the
groundmass.  Dil.ectly  below  the  pectolitic  rock,  the  sill  holds  pheno-
crysts  of  amphibole,  .augi.te,   and  olivine  in  a  groundmass   composed
mainly  of  very  fine  grained  phlogopite.  The  groundmass  of  the  sill
gradually becomes serpentinitic  with  depth.

Therockcontainingthepectoliteislightgrayandspeckledwithlight-
brownphlogopite.Inthinsectionitisseenthattherockcontainsabout
40percentphlogopiteassubhedralbooksmeasuringasmuchas2mm.
in lefigth and as  smaller fragments in  the .groundmass  that  measure  as
little  as  0.025  mm.  in  length.  The  phlogopite  has  reversed  absorption
(tr`=o3==w?3Zpnapnrdt^;*+ea?.0?±=°i_5rtyLEa6_:.I.:rc&;ed3reenvdesrstehaatabasr°er£Pntt±=rn_
grownwithpectoliteinthegroundmass.Thegroundmassincludes1or2
per cent perovskite as anhedral patches or blebs as large as 0.1  mm.  in
diameter.  The perovskite grains  are surrounded  by subcircular patches
ofabrown,radiallyfibrouscarbonate(dolomite("asmuchas0.3mm.
indiameterthatiscloudedbyleucoxene.Thepatchesofdolomite(Dap-
pl.oximate  8  per  cent  of  the  rock,  and  seemingly  have  replaced  other
componentsofthegroundmass.Traceamountsofmagnetiteasanhedral
grains  measuring less  than 0.03  mm.  in  diameter are scattered  through

include  apatite,

I                \                                 il                 -+        .                                     +                -ulIT=          -£3.
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TABRE   1.  d-VAI.OES  IN  ANGSTROMS  0F  X-RAY  REFLECTIONS  FROM  PECTOLITE  SA}|iii.I..S
FROM HILI,S PoNI) PERIDOTITE,  SECTloN 32,  T~  26  S., R.  1S E., Wool)SON  CouNT\.,

KANSAS,  AND  FROM PATTERSON,  NEW  JERSEY.  DATA OBTAINED  USING

GF.NERAI. ELECTRlc DEB¥E-ScHF.RER  CAmER,\  ( 14.32 C}{.  DIAi{ETER)
ANI) CuKct R,u)IATI0N

* Skewed to 3.15A.
**Doublet(?)       .

parts  of  the  groundmass  and  as  inclusions  in  the  phlogopite  books.
About 3 per cent of the rock is nontronite(?)  (identification as a mont-
morillonit:e confirmed by #-ray diffraction) , which occurs as green pa,tches
measuring as  much  as  2  mm.  in length and in  which  minute,  strongly
birefringent flakes are  discernible.  Melilite,  which  constitutes  not  more
than  1  per  cent  of  the  rock,  is  present  in  the  groundmass  as  0.8-mm.
patches  of  squarish  uniaxial  negative  grains  and  as  disseminated  indi-
viduals  measuring  0.01  to  0.25  mm.  across.  The  birefringence  (about
0.007)  and  negative  sign indicate  that  the  melilite  may have  a  compo-
sition near that of gehlenite. Much of the groundmass (about 20 per`cent
of the rock) is composed of a very fine grained, turbid aggregate showing
low  birefri.ngence;  it  contains  a  montmorillonite  mineral  (confirmed  by
#-ray diffraction) , and locally has structure suggestive of the former pres-
ence of melilite.  The  turbid groundmass locally grades into pectolite.

Pectolite,  which  approximates  25  per  cent  of  the  rock,  is  the  maj.or
component  of  the  groundmass.  It  occurs  as sheaflike  and  radial  ag.gre-
gates  of  fibers  and  blades  that  locally  penetrate  into  the  phlogopite

•``.  I  ;I ir-+Si+
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FIG.  1.  Photomicrograpbs  of  pecto]ite-bearing  rock,  section  32,  T.  26  S.,  R.  15  F,.,
Woodson  County,  Kansas.  A,  plane-polarized  light;  8,  crossed  nicols. D, dolomite (?)
clouded by leucoxene; P, pectolite; Ph, phlogopite.

FIG.  2.  X-ray  pcm'der  films  of  pectolitc.  A,  sample  from  section  32,  T.  26  S.,  R.  15  E.,
Woodson County, Kansas; 8, sample from Patterson, New Jersey.

(
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and  to  collect samples from  the  core.
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books along cleaviLge  traces and  that grade into  the  turbid argillic part
of  the gI.ouliclmass  (Fig.1).  The  blades  and  fibers  I.inge jn length  from
nearly submicroscopic sizes  to as much as.2 mm. Maximum width of the
blades is about 0~1  mm.  The  bl:ides a,nd fibers have positive elongation,
imperfect  nearly  parallel   extiiiction,  and  strong  birefringence   (about
0.04),  and  are  optically positive  \`ith  moderate  2V.  Locally  they show
cleavage that is both nearly parallel to and nearly normal to  th.e length
of the fibers.  Nx is about  1.60,  Nz about  1.64.-

Comparisoii of ff-ray powder films  (Fig.  2)  of pectolite from  the peri-
dotite  with  films  of  pectolite  from  Patterson,  j\.Tew  Jersey,  confirmed
optical  identification.  a-  values  and  intensities  of  the  #-I.ay  reflections
(Table  1)  for both  the pectolite from  the Hills  Pond peridotite and  t-he
New Jersey sample proved identical.

Thanks are due .ty`Ir.  Cecil T. Welch of Toronto, Kansas, who gave the
writer permission to--log drill  core  taken under Mr.  Welch's supervision
__I   i_         ,,       .
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A  PENETRATION-TWIN IN OLIVINE

R.  N.  BROTHERS
Department of Geology, Uiinersity  of  Auckland, Now  Zealarid.

A  porphyritic  alkali   basalt   (A.U.   thin-section  3560)   from  Khyber
Pass,Auckland,containsnumerouseuhedraofolivinesetinafinelyfelted
groundmass  of plagioclase,  pyroxene,  magnetite  and  glass.  The  olivine
pheliocrysts range in size up to 0.9 by 0.5 mm. and vary iri composition
from Fo84 to Fogo. Their habit is fairly  constant,  the commonest combi-
nationofformsbeing(010}+(110}.±(120},togetherwith{101}+{021).
True twinning was observed only in the one grain herein described,  but
the  thin-section  also  contains  euhedral  olivine  with  "translation  lamel-
lae"  oriented parallel  to  (100).

'gr¥S
t

A,

•,LOT_
FIG.  1.  Phol

The  penetration-lu'in
nicols,  clearly  con;isls  ol
equal size  (Figs.1  a.ncl  2}
to  the  Z  vibration  dirc'il
the faces shown in  Figs.
ments around this zoni.  1
1  displays  the  forms   Ill)1

+{021-} +one  f<|cc  of   :t
(010)  cleavage  and  i`  {li.-

a_
FIG.  2.  Camera  lucitl:I  i!r:
1A-(021),18~(0211.  i
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the  area  under discussion lies  in Sections  29,  50.  81,  and  §2,  gowushlp  26S.,
Rallge  15E.,,  1'`Joodson  County.  Kansas  and  consists  of  low  acme  shaped  plain,  Surrounded
by  a  halo  of  low  hills.    Drainage  is  to  th5  southwest  by Little  Sandy  Creek.    Ele-
+ation  averages  99b  fe-6t  a,bove mean  sea  level.    Farming and  Cattle  raising are  the
principal  industry.

The  formations  eJcposed here  are  Middle  Permsylvanian,  the  IianBlng  Lime  group}
and  the  lower  part  of  Douglas  grotip,  consisting  of mostly heavy bedded  lime stone
and angala€ious  shales,  and  an  intrusion  of periodite.  a  type  of granite  rock tbat
penetrat,ed uprard  thru all  the  sedimentary  rocks  frcm  the  cr3rstalline  b`agement..
mis  intrtisien  spread  outward to  the  south  of  the  main  dyke  as  lacolitbs  or sills
and  forced  it`s  Way  thru  the  sedimentary  rocks  causing  an  upwarp  in  the Pennsy].vap.-
1an  I'ock  to  form a  goo  feet  Closed  dome.    There  is  no  evidence  that  this  lrarp  carr-
ies  to the  Mississippian  of  lower beds.

In the  vlciriity  of  the  intrusion,  all  tbe sedimentary rooks  are  eith.er highly
meta-moxphosed  sandstone  into  a.uartzite.  `some  shales  into  slates,  and  linest.ones
into  a  solid bed  of  limes`tone  from wnloh  all  bedding  planes  are  obliterated.    Coal
has been  changed  rren Bittminous  to  aBtricite  and  beds  Bo  altered  they  can  hard].y
be  identified as  to  their original  stratification.    This  type  of  intrusion  is  i`are`,.
according  to  the United  States  Geological  Survey,  art  is  possibly  tie  orfuy  one  ia
North  American  cofltiner].t  that  is  norv  !moon.

I

RE  ORE BODlrs

There  are  six  definite  ore  bodies  or  lacoliths  inL Section  29,  El,  and  52,  Qrig-
±flationg from  the  ccrmon  source  of  the  dyke,  whicb  is  in  evidence  on  south  side  of
Section  29  and  Section  82 where  it  is  exp6ged  on  tbe  sllrface  and  lacoliths  have
been  enco.mtel.ed by  deeper  drilling  in the  south half  of  Section  32 at.  location
Him  #i,  Where  ore was  encountered  at  81.8-108.3 or  27.3  feet  in  thicthess,,  at
895-525  or  50  feet  thick,  at  490-525  or  55  feet  thick,  at  690-760,  70  fget  of  ore.
and  770-BOO/,  30  feet  of  ore,  and  still  in  ore.    At  the  north  side  of Section  32
and  south  side  of  Section  29  there  is  tbe  sixth  lacolith is  present  that  shoo,]s  a
thicjtness  of  67  feet  an`d az}  average thichaess  of  70  feet.    These  log.s  confomi  to
Hollis 1.`lagrer  of  tne United States  Geological Survey fredonia  Quadrangle  sheet
where  he  shcmus  the  locolitbs  on  cross  Sectien  of  his  report.    Study map  of Fredonia
-dy`.adrangla attached.

j'
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There  are  two  t,ypes  of  ores  ln  this  deposit.    First  a  yellowish-broun  gran.-.
ular  soft  cire  that  can  be  speded and  is  cia.ssed  as  Weathered  period.i.be.    Secon6.,
a  hard,  bluish-black  ore,  hardness  of  4.5  that  lies  under the  weathered  ore  9f
the  first lacolitbs,  and  in i ive  otber lacoliths.

The  chemical  content  of  these  ores  are  practica.1ly tbe  same, tso  they  should.
be,   ccming.  fran  the  sajne  source  of  supply when  deposited  by maglna waiters  'th9,t  were
nighly ri.fiel.alized.

Following  are  acme  labora.tory  reports.

I]aboratory  analysis  offive  velas  of  ore  in H±'1l  #].,  ceater  soutb  line,  ".9st`
half  of  Section  52.

#1#2
95-loo               SOL-.30€7

Total  Magflesiun  as  magnesium  19.88                  19cZ5
Oxide                  .\                                            40 00                       ? u88

Tcitai  Calcium  a,s   Calcium
Oxide

Silio,a

#5
515-517

|9 . i55
•5. 75

4-5a4--o                   4o '17            42.85\
Ircm  and  Alumf.na   ox3.de::i               16t350                    14. 5`3.            17.50

Total  Potassium.  Ox.ide
tb.at  ,is  not,  Twa`ter  s.oiuble.

Water  Soluble  Pot,ash

Sodium  Oxide

Ignition  l`oss,   caitbori.
dioxide  and  chemical.iy
combined  irate:i..

Ljeg6                       247[               4.54

1®44                     li81              2.08

i.4£,-                    0.. 85             ,i. 52

li,.20                   12.60            8.10

•#4                   #5
7 5C-76 0          ';.'90-7.9 5

18.A:0                2£.98
6. 3:`i                   5o75

42.56               8-9.15

i7j.75               15cOO

4.59                 1..55

2.77               1.60

±.9£               0.56

5-.90              11.20

¥#=+:¥::d8=::::::c?hospho:i:i,edy.±LL±an:.£:boratooin:5ropL±n?.Maei8souri.o.25
/

Ijabor,story  analysis, Hill  #2J.,  €rille6  .a:,t Alf  London.    This ",ell  is  exactlp'
one  mile  noJ?th  of' above  anal-ysise

Siliccm  Dioxide

flunina

Iron  Ox:ide

Pltanium  Oxide

C=lc i_ur.  Oaci.de.

44 a 53

5.45           J#?

8oll

2 . r/ 8

5r60

Magr!.esium  oxide                       19.88

Phosphorus  pentoride            0. 25,

Sulfur Trioxide

Potessiun  Oxide

Sodium  tb[ide

trace

5.45

0.48
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Diff .  Loss  on  Ignition

ili;::::::
£g88g: :=:::::::

(maxilun)

4.95
1.56
a.41

5.89
a.63

Ei

fogs  on  ignitiofl at:
GOO-1000°C.               ,8. 92

rp,fql leo.09
9,

Kansas  State  Geological  Survey,  Gee.   Gbgmi8try  Divison.
`>        ,`.             `

haboratoI.y report  on Well  #3,  one-fou¥±h mile  north Fill  #+,    80-loo  feet
•J

#:::: :::::f:¥o::sE2:s K2o         g::£%      `         ::::L¥;;::£ofi:g¥:§3un as2::::;;

haboratany report Well--#6,  one-balf mile nortb,  Ht|±l  #1.    23-31

Total  potassium as 'K30                             4.70¢

::::Ls::::: afg¥:g:un as £0        2:::`%
Iatoratory  analysis  close  to Hill  #.21.  grab  sample  of Weathered  ore by  kansas

State ge.ological  &irvey.  deo.  Obemistr3[  Division.

Sillccm Dioxide
flunlna
Ir`cn  Oxi.de
Titanium. Oxide
Oalciun  Oxide
ragnesiun  O::1de
Phosphorus  Peptoxide

46 . 24
6.83
8.55
5.13

2.48
ac . 91
0.29

Sulfur Trio¥ide
Potassium  Oxide
Sodium  Oxide
lo:go85c:gnition at s

Total

trace
3.00,
0,$8

7.90

99 .46

th  April .i,1959,  a  250  poun,d  sample  of  weathered  ore  taken  from  tbei emct
Spot  of  grab  sample  by  the  REnsag  .State  Geological  Shrv©y was  taken  ty  me  to  Denver
Eqtfipment  Ocmpany  of  Denver for a pilot  plant test  for  ore  dressing' anq  to  deter-
mine  the  type  and  size  of  equipnient.    This  is  a  flow  cheet.    Ore was  dried "itb
6.67% moisture,  a  Bpecifio  gravity  of  2.759%£%.  weicht  per  cubic  foot,  80  pounds,  and
a  Ph  of  7.6.

The  ore mixes  readily with Water and a  weighed  amount  was  mixed  one  to  one  in
a mixer  for  twenty minutes  and  screened  tbru a  55 mesh  screen  and  /85 vemlculite
Was  removed.    The  slimes  Were remcwed  by  decantation  and  left  to  settle.    The  res-
idue Was  'then run  over. a Wilfley gravity  table  and  rare  earths  cut,,  ore mlddlings
cut  and i ine  vermioulite` cut were made  the  results  as  follows:

Coarse  Vemiculite
Total  Slimes
Table  Rare  Efartbs
Non-magnetic  rare  eartbs
Vemicinite  table middlihgs
Table iriiddlings

70
14%
27 .15

.49

..584
58.70
19 . 6 6

Pounds  Per  Ton
260
545

9.8
7.68

774
593.2

feily Run
Tons  in  loo  t±ns

14  Tans
27.75  Tons

980 Pounasi
768  Pounds
38.7  Tons    ,
19.66  Tons

\
Re-classifying-trable Middlings  and  Vemiculit6  Table Middling  58.55  fran

thick by Clue  Ektraotor  2givo pure  fine vemit}ulite was  extracted mkes  a total  of



Page 4.
\

6#L¥:sTifu±£:t:=7££e£°#:I:::a:a:rpg.!8S::spgunT°86t::n8¥±::v:rSa,'#t€o:a
®f pure  exfqliated vemlculite per loo; Sins  of  ore .

`,

o"jR vrfup+asfE ;.,ngjarmlAls
r

There  1g  a  large  amount.  ten  thousand  tozLB  or more  a  rare  type  of  8erpentln®
rook highly  prized  lay  ''rock houndsl'  and  lapa`deristg  all  over  the  co\ritr3r.    The  dark
mottled  type  will  bring  ln  rough  saREed  blocks  $1.50 per  pound a8.a  tap  light  gtrip®d

v:i:i;::i:i:i}:§6¥i£§F;:i:i:;!¥:;°!,E::::i:;a:::§!§:§a¥r:i:=bi§s!fai§ii§:::=u¥S;;t:.
purpeses.

EXELrm  or  QRE  BODIEs
(

In  all the  core  Grilling and  testing  by nyself,  Alf Landca and  otbers.  it
shctws  in  the  logs  of  these  "ellg  and  from  soundings  taken  by  post  augorg,  the "ea-
thored  ore  lies  in  two  distiact  bodies.    One  appr.eximently  i,COO  feet wide  and
5,too feet, 1ong„  lying  in  a slightly northwest-southeast  aJ[is  alozig  t'he  south half
of  Section  29  and  the  north  half  of  Section  52a  Township  86S  .  Range  15  E.,1.Pith an
average  of 40  feet  in  thiolmess.    This  ore  in  tbis  body  lies  very Bear  ike  surface
in fact  in  some  places with  only  a  one  foot  of  otrer-burden  and  "eiqhs  80 pounds
per  cubic  feet  in  flgu.ping  this, the  f lgure  of  8.448t,000  tons  of weathered ore` is
blocked  otit.    See  Figtire  i  of  the  UBited States  Geological  Survey  of  Fredonia  lanad-
Tangle.    I  carried  out a nioi.e  intensive  investigation and find  that  this  ore body
is  a  little  wider  than  shown  on the United  States  government nap.    TheL second  Ore
body  lies  in  the west half  of  Section  32  and  too  small surface  expogures  of  thl!
ore  are  maalced  on  Figtire  1  of  the  same  nap.  and  they  Cross  the  center  line.  north
and  south,  and  are  from a-10  feet  ln  depth  under the  surface Bad  are  about  500  f®et
Wide and  2,500  feet  long and  has  en  average  thlctoeBs  of  20  feet  azld has  a  voluner
of over  one million  tons.    These  can  easily  be  striped and mined with  trucks  az}d
high loaderg,

The  aa.rk  unweatbered  per}odlte  ore  lies  dip.ectly  underneath  of  this weathered
ore  and  ln  the  upper lens  at  the north  end  of  the  seotlon  has  a  thickness  of  appro=-
1mently  20  feet  and  this  lezis  have  a volBme  of  6S£36,COO  tons.    This  second  lens  ex-
tends  under  all  of  tbis  lease.    Will  bave  an  avemge  thickness  Of  20  feet  and Will
have  a  irc)lure  of  Close  to  50,000,.COO  tons  which  Can  all  be  mined by  strl,p mine  and `
adlts  frorL the  Strip pits.    See  cross  gectien  of line  a-a  ln Figure 1  of  the map.
Also not  ®zi  the  same  f lglire  cross  section  that  the  COO  feet  vein  is  not  shorn  but
has  been  developed bsr me  ill  core  drillit}g.    There  are  four,  ag  you «ill ncte,  of
the83  laooliths  e3deendlng  over  the  area  of this  lease which will  hate ab average  of
50,000,COO per  each.    Tbes€ Thiill  have  to` tle nlned  in  later  years  fren shafts..

vthuE  aF  Cry

Ill the  t`h]o lmovm products  the  rare  earths  copo`entrate  and the  vermiculite  ln
the "eath.ered  ore  as  establl8hed ty pilot  runs  by the Deriver  Equlgivlent  Coxpany and
further  runs by myself  and others.    me rare  earths will  at  present market  prices
are`tJJorth  t;ilo.OO per  ton  of  ran  ore  and the  vemi¢ullte>une=follated  at  the  present

¥:£i:I;8:3Sosh;%%.B8:h:caE'f::dv3earrm¥::::::i::i:::io=:::tsofw:::.hag:x¥:::e
iating  this  can be  raised  to  the market  price  of :7£21.60  per ton of  vemiculite  ccm-
tent  in  one  ton  of are With  an  exfoliating Costs  ®f  Jj2'.00 makes  the net  value  of



Page+5,`

th{gJ  Te"iculit6 tp.19.60  pei  ton  of  raw  ore  Content.    Iotaling  the  i;±e  earths  and
fa"  6reg  values  ap.a  Subtra6ting #8.50  for nlning and  processing    aha fp2.OO per  ton
royal'ty matses  a net valtie  of  the  ore  after prooeBslr.g  of  sSas.ro  bg£  tch of  ore  afl

:::t£::::s:i:8asortE::et:±£±::1:e[gtt±:em:::t:::::a:I:gS:::i:6:i:8g`!:.st:=[t=:n;n
as  to  its  exact  figure.   this "eather6a  ore "iu nat  arop  bel6`v $15!00   per ten
after  prooessing and a8  there  are  56,836,000  tons  Of  hard  ore  in  th6se first  t"6

:::a::::::ire;g:::::i::din¥oua:ub::::§a:u:i:i:y±coe:i:£:¥d=:pj:::eu£:::Fgir=e::::Stk±:ig
FtlTURB posslBILlrlEs

h  the "eatherea  oie as before  8tatea  the±d  la  an  appreciable  tmount  of  81me.
"hicb Will make  eitbBr  a hard tile  or brick  ore I be}1eve "111 nake a  refractory
briots  either of "bich "ili rfee  a profit.    Ia  the metallio content  there are  both
magnesium and  silicon  which,  I beilleve.  Can be  pfoauoea  as magnegiun motel  "hich  hag
a  quotation of  86¢  per  pound  and  felro-silioaa which  gella  from  18L14¢  per pound  a`nd
1g  in  aemaad aaa  ln  the  un"9atherea  ore,  we.  fran  laboratcoy t8£ts  and  from govech'-
ment  bulletins  and  obchi8ts.  can produce  fran  the  fhlogoplte mldb  flakes,  by  aisJI
olutian  in hat  sulphuz'ia  acid,  pure  or`transitor grade  silicca of "hioh there ig  a
6rltloal  Shortage  of  this metal and  sells  on  th.e  open martset  fran $100ii860  per
pound  as  quoted  in  the  E  end 3ur mineral  end metu mrkets.    1AJe  cch  produce  this
rope egononi-cally frch pindgopite mica  thi  add  other method  of teatra¢tion fran ot-

gfrt::liz;:e:es:ai:Bin::e::[£=:ea:b::5:::u:±#¥8mi:::[a:r£:iLtr:tat,is[::E#i[.
into.    In the un"eathered ore "e will haire no  glmes,  but  "111  hate  e3ctraatable pe-
ta8Blun,  mgne8iun and material  for mkit:g ferro-glliccm.    All these  Ban be  prodra-
ed  at  a  profit.    I?he aeveloprent  Of these  products  are  a part  of  the  research  that
"st be  carried on wben plant  is  ia operation.

uiasmB

ca the rare  earths "e have  quoted pri¢a  tentatively fran the rare  earths pro-
¢eagers which  tb6y  have  quoted #1.25 per  pduna  ba8ea  on  percentage  of metallia  aaa7
tent  whiob thegr  speaifp and ta which we  oan  oonfom.    Oa tbe  exfo}latea  v6inioullte
two  harie  personal  cop.face  With a  large nunufacturing  oompeny  "ho wish  an  insulation
material  that  can be  sprayed  on metal  buildings,  gSaln bins,  and  inau§tplal  and  canm-      ±
erclal metal buildings "hioh v;e  oan  produce  in this  phut  in  quanltites which they
Will  requires  and to the  gpeoiflcatlon I or this  material.  so  tbat "e  are  assured of
the  two proauots "e  mill  pr6auoe  of  a  ready market  that Will be  of  Vital value  to
the Unlt6a States  fu tine  of  v,tar  a8 iJ,ie halve  the  ontry  thorn peg.rye  of  these mterlal.
in large  quanitites  ln the thltod States  end depend largely on  imports to supply th.
denand.

uHLHrs
WB have  en  the  lease  a power  line I or  electdsity  and anotb6r within one mile.

so  adequate  current  is  available.
'J'I-e  have  ample "at8r  Supply  of  good pure  lake  water in  three  places  from one-             ,

fourth  to  one nile  fran the  plant  gibe.
i.Je  have .`natureLl  gas  available  that will  be  piped  to  the  plant  site by  the  g.a

ocmpany  and  can  be  purchased  at  prevailing mmfacturiag  rates  making a  very  ekeap
rual source.

"-a  also  :riave  an  unexplored supply  of  antricite  coal  on  our  leases  a`t  a  deptn`qf e50 fret  aed an  india€ted uidLkzLosLa af  sO  fcot a8 |ag¢ea  in e ceu drilled 90
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years  ago.    Gore  drilling wills,  possibly  show  from knqum  sun.face  geology,  a  product-
ion  area  of  8,000  acres  or more.    Shaft  conditions  are. gpod.  stable  to  fairly watei
free. r,-

Theareaisaccess`ib¥ggR:%T:e¥prmgul±::=o¥::±¥stee'p'hi||s]ides;arepresent®
j=.

AVo trucking  obstacles  are  present  and  only  roe/ds  nee.qed are  from strip Pit  t®. plant,
about  one-fouth of  a mile,    Plant  Site is  fairly level.  with no  great tE±Bading to be
dope  for  leveling.    A gcod  hard  surfaced  all weathe.r: count;y road.lies  along  the  West
side  of the plant  site and  rms .both to  Toronto  and Buf.falo  where  railroads and U,  S.`.
highways  are  present.                    :`i                                                             "

The ELssouri Pacific  runs.: t.biu both  towns,  with riffalQ five miles  away  and  the
road to  Bnffalo  is  capable  of  canying  any  and  all "eights  of  trucks.

The  Vice rffesident  of  the Missouri .Pi.ciffo.twas  in the  office  scme  tine ago  and
said  if  producti'on reached `lsoo  tons  per dayrthey.--"ould build a  spur  to  the  plant  and
that  they  are also  interested in good ballast '`rock.

Unlike most mining  ventures,  the  transportation problems  are minor.

cmlE
The  climate  is  mild  and  Work ,can  be  carried  on  twelve  months  a  y.ear®

ORGENIZRTI{IN
Tbe  venture  is  organized  on basis  of  $1;000,000.00  or  on; million units  and will

opemte  as  a  leasehold  for  one  year  and  thefi by hajonity  vote  inange  to  corporation
basis  on  continne  as a  1©asebold,  which  eve`r  shall be  better  for  tax purposes€

Uziits  are  Sl.00  each ThTith dire`ct  assiBz]ment  made  and  no  assignment  shall  be made
for not  less  then i/24th 'of  the  orginal  lease,  and  these assignments  shall be  a work-
ing  interest  With  each  one  paying his  full  inccme  tax on  said  assignment  as  no  income
tax will  be  deducted.

!±) ; o:::::g:::::f:i:;u::::::i:i::t:i:!T-i-iT::td::fi::::::L±iig::: :;:::::::w;:t=r:::Per   ~
::=::t::ntE:.INtfe=::sS°:::r€:rr€±; :±e::: INir%n:::5n¥=:t::I?£#ih:: i:=S°g8h::::    .`-  L`..,

thence  East  80  rods  to  i;he  point  of--beglnnlng.i  cont`aining 80  acres.  all  the  foregoing
la}nd being  in  Section  52;  also  the  South 40  r.ods  of  Section  29,  all  in Tcmaship  26S,
Range  15E,   in Woodson  Coun:ty,  KELnsas  and  oontainlng  510  acres more  or  less.    Filed  t
for  record  this  20th  day  of May,  1959  at 11:50  A.  M.  and  duly  recorded  in  Book  55,I  of
miscellanous  on Page  579.

5/8th  of  units  are retained  and  inccme from then shall  be placed as  a  sinking
fund for  plant .expansion  and  repairs  and when a  surplus  exists  it  can,  by the  Advis-
ory Board,  be  distributed pro-ratio. to working  interests holders  above  the  regiilar
dividend®

Dividends  shall be  declared  as  fo'llows:    lst  dividend,  six months  after plant  go
on p`ro,dnctiQn :and  every ,.theee  months  af_terHards.

The. management  drall  con.sists  of  and Opel.aton,  Assistant  Opera`tor,  and  an  eigivt
\~member  Adpis ony  Board.

At  a meeting  of  all  existing  interest  holders,  on May  17,  1959,  which  Was  attend-
ed .by  or  represented by  95%  of  inte.rested  parites.  leasehold  plan was  adopted,  Qpepator's
Agreement  accepted  and  wage  seale  to  be  set  by Advisou5r  B.oard.     Operator  and  Assistant
Qperator  and  three board members  were  elected.    The  other five  members  are,,  Operator,
Assistant  Operator,  Office Manager  and Auditor,  and  t"o  plant  superintsndants.    Each
hold  office  for  one  year unless  I'enoved  by special meeting  by majority  vote.    All
checks `Qrj-funds  issued by leasehoad  shall  be  signed by  Operator  and
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.utditor.    Operatca  iB  limited  to  .p2,000.00  e=apenditure  unless  autborized  ty  concur-
curence  of  majority  of  board n{anpers..

Board will meet  cmca  a month  or  oftener.  tylhen  problems  arise  that  beea  their
deol3icm.

J

An  auditor'B  report twll.1  be  issued  every  six months  aB  to  the  status  of  op-
opatl ang ,I

i,

ocniomslcso

All  fc7.cts  and  figures  are  tai`:en  from zry  personal  observations and  tests  and
checked with  the  United  States  Geologleal  Surrtyey repprts  arid maps,,  ci]eni¢al  analysl3
from the  BrtLc8  \i.v-illitans  laboratory  at  Joplin,  3.+iissouri;  the  Kerisas `State  rreolog€ical
SLgrey.,  Goo.  €heniststi]  Division;   Charles  ParJfer  Company.,   c!iemists  ar`d  assa:refs,  Den-
+ar.,   Colorado:   Ochs  riboratorles,  Denver  Oolo.I.ado;  I)envar  i*qulpment  Cci]3,paey,  Ore
Tegtin6  Dlvigion;  a  and lur mineral  and inetal market;5.  New  York;  Rare  Jfarths  Manual
Zonalite  COxparLy,   .b..ich±.ta,  I`=ansas;   arid  LiniEs&3r  Oi-iemioal  Oon.I.any,   Chicago ,   Illinois:
and  Vermiculite  insulation  prices  se'G  by  oi.ff:enfz,&tier.  €is  .;.+.ey  `ijill  bt3  Lqcle  producers..

In  all  ii;  is  a.  £pod  clean  operation,  mucrily a.eeilled  in  lfansa8  aiid  especially
VI'Ood§iLin  COuzrby  as   it   is  a.  IOT^t   incorii©  area  turid  nel3ds.  1ndusti`y.,

Sienoa'
.,

slLvm  clH :`REmSG & pRcO js,3nTG

Cecil I,.  t'lelch
Operator.

±;--_=

£rtyEFmA

The  f ollon7ing  gpe¢trofrraphio  ap.`-;lysls were nan  ca  rare earths  nee-mat:`p.etle
cofleentrates  and are  as  foliovjs:

.4Buminun
Boron
Bariun
Calcium
Colun.bium
Cerillm
Chrondirm
Oopr`er
Iron]n
Lan.€F`an\!m
Lead
}fagr.eslun
3fu%anese
frolrmiun

HjREml  a,i,.\   Oc8rs                       ,
DS.Tv ckl,   OaLOR.'iDo

sp':rmcrTRZLT`IijiLim

5¢                                         It-i c kch
. 00i¢                                P ho sphoru®

|a¢                                       Potassium
i',.£a j or                                  Ping eodynlun

i%                                         S aanai`m
538                                            Samar lan

•197D                                          SilicoB
. 059?a                                       S.tlv er

53j;                                             S odi un
5c/i                                         Thor ion
1.i[                                           , in
I..fa j or                                   Titanium

lf;                                          Ton.¥,a t en
ljz6                                             Vaaadfum
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A geiger  ¢ciuz}ter tests  she.' a  weak  radioactivity.

Charles Parker  Ghenist.  Denver,  Colorado.    Fluoresoent  JC-my  spe¢trof`r3phic
ermiratiozi.

mble  Conct:      Fluore8c:ant  X-my  spect=o€.rapbic  eacamlratton  sfor;,s  the  follouirig:
OeriLub,  5.0;  Lanthanum.  5.a:  Barlum,  4.a;  gin,  a.01;  hTickel,  0.03;
Neodyml\m,  i.a;  Chroniun,  0.1;.  Colunblun.  a.2';  Yttriun.  a.01;
a+trontium,   2.a;  Rubidltm.  a.01;  Iron.  8;  ib;angane8e,  a,06;.
Praseodynlum,  a..07;  Thor±um.  0.04;  Lead.  0.05;  Zinc,  0.04;
gantalum,  0.01i  ,5anarlqu.,  a.2;  Gadollnitm,  a.3;  Tltanlun,  10:
all  figures  ropres9nt  a gent-quantitati¢e  estimate  or the  content  la
the  repesatlTe  oxides  Of  the metals.

'¥-ray  flurescope  18  acknouled,qed  to  be  the  onl:,.'  accurate  check  oz}  rare  earths

ar.d  is  more  reliable  than  az]y  chemical analyBIS !

The  Lindsa}r  Chemical  €cmpany  reports  these  for "ay&:    Carbon-arc  lighting,  mo-
tloD  picture  projectica,  lifiiht©r  flints.  alloy steels.  medium and  low  Carbon  s®eels.
Stair.lees  gteels ,  rare  earth-zlrcQnlun-magnesium  alloys.  g+ass  Colorir±p`,. g`lasB  de-

;g:;:::nk¥g:::::?toe¥iaic::a:pg£#::::::i=±:::i::P:::I::€a[£;;;:n=::1::t.dr=;
ror  fluorescep.t  l1?,hting pbosphors,  photosensitive gla.a,  glass  wifdgivs  for  redia±d

`

4

lea  protection,  Capacitor  for electronic  equipment.  alunlaum alleys.
sungla!se8,  glass  blower's  Cog.c{.l®s,  welder'B  €oggleg,  neutron  absorbers
reaettrs ,  nausea  preventive,.\  reagent  chemlcalB , flame-sprayed  ¢eramlc
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Abbreviations   used   in   Ro;se   Dome   eore   lc`c_.s   c,.v   P..`JI   C.   .Hrc!nks

//  ---  int,erbedded,  int,erlaminated,   or  int,ercalated
A  ---  abundant,
81  -_-  bide
Bk  ---  black
Er  ---  brown
C  ---  coar.se-grained
Cal'c  ---  calcarec)us  or  calcit,e
cm  ---  cent,imeters
Cs  ---clayst,one
Dk  ---  dar`k
diam  ---  diameter
dimen  ---  dimension
dissem  ---  disseminated
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