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~ftep rumning the gamples thet I brov, ht weck from = -Qronto,
fansts witk me I found it necessary (o o). ‘s the flow-shoet
Which wig opg; .Anally propossd for the FPocessing of vermicue
11t9 ore wticr wes faund on ife Projerty desoribsg in our tuo}oc-

ic 1 report =nd to desoriba thig procsdure I will BB vOor to

o -J

Cover esacl. .uart of tras 2i1l, describa 1ts uss "ad purposs in tre
Processing of thls ore, end ruve s finishbad product thu: will be
meristebls in thres different gredes, in oup drawlng that we ' @
Bubzitting with thie report we havg merely tried to show the
meol.lnery uesd cod the steps neeessury 1o muke thg finlshea ElDe
duct lLareln deagribed. In as much 88 this ore is free =u: czn be
mlxed trou thoe surface st vVory 1littls cogt we bropose the following
oqulpmant:

OBz EIR

The ore tin to this @11l will pe o fteel constructea bin of
quarter inok lute 8x8x8 feet duap, reinforcsd with 2x2x}% inch
sngle irom ot interssctiong of overy two feet. This will te nega

easary as this Lin \111’be qggptad apove»LLo~Lpaund*and*rt W L1 ufx“”i””

'ﬁ,w X

<
s, T4

apPr: ‘taly 100 cubap yaxaa >f rew.
o éll:benmuunted cnahsz&' angles which ghould be
Bounied in cement.pillaps, ke ore cn be minea with ea open
shiovel on the rront of the trector which #3111 ssoop the ore from

ore. Tblih.

the ¢round, CERrry it up and duBp 1t into the ore tin,

A vibreting fesdepr Will bs moumteq directly telow the ore

bin which wmiil cantain the volume of ore fed to tia reasindgy of

v %
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tre FrocssFin: ;1 nte It i very nocans BLY LD LoVl v bl
faed =t tite Flut 5o it tis ope ¢ n L2 woliversy to ti o morsang
I G pecitiss tnt they will banule, 714 vibruting fsa=d ig &
stenleri xede ppoduct wsde by Syntlron p30ple nnd ¢ yapy -0 Ll
slece af equipmant, Tle volume frow the screen is eontrollad

by ths swont of vitration given tis feeder and can uy 83l only Ly
trizal end error unti] the screens of tr.e processin, plunt i ve
Logn fad ta %heirquyacity. “Le vibrating resdep then romiing

®S 2 perminent set fsoder witll such time sg ti Faed 13 the w11l

neads to Le variad,

'@ reconmand trot tiig ore be ,ickaed up from tis vitroetin,
Lin with fuct ionezip alev' Lore, “la JirEozs of tile ig 1o AL ve
tos wolsturs Sron Lhe osre balore 1t 1g £5¢ 2nto tra 'c;cahh. L g
ddre-lavitor w43l rove g tandency 1o bLpor s u, tte lumfg ~ad Inoyn
Laze returied U5 the By8len. Lo elevotsp We recourend is g
numbser tlrss elevatop heving @ 8 inch suction line, & L8 ing}
colleotor, and s 42 inch collector, end a 42 tnol fun porured itk

& 15 rorge=spowsp electrio woitor,

"

This fi" slovertor will feed dirsctly onto r tun gCrean vibrete
ting mhoe or minsrel type, “he iuryose of tils rioe 1g o remove
on trs top sereen 811 the barticles too 1- Fee Lo axfolintg e wall
28 the rock wrich will be claesified as tails. “he second seréan

of tris shos will deliver ite plusg produsts to oy exfolls tor, fhe

minus of the secona 8oreen will .beAQ,:_rigxfar CurEarey” 1 pmdﬁcts o
44-—.‘.5?75%—_: ‘A LT }‘f“ ve ‘:"Ma:‘ vy L» - e ome e .-} ¥ )
¥ o “nd.gpgrefore N tglls;“ Twa” screans we recommend
B e 1 AR s I
for tris-stsﬁe L_'_ltlon s a 1little acrasn kavian, two lecks
b .

with Lnterora*'nablo soresns. ‘trens sereens :re 48 inclag wile

nd 60 lncheu long, ke top sereen 2111 Lg perforsted «itrh

lnck round hole perforeted nat- 1, "la tottom will e BUpLorted
B S, .

%“ilk mugl L_Woven wira scorsen, ke screen 1g rountéd on
hxbxg iaoh angle 1pon frome 2nd powared sith & 1§ )orsa~power

aotor,
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JLILIHG CONVEYOR #2

"here will be & ®iling convayor mounted under this shos to
remove the trils sepr reted by the moreens to the sutalde of the
plent., Thisg talling conveyor will be & 12 inch bult canveyor,

T"he price rhich w8 I:ve quoted wlll Le fopr ganveyor 15 inclas

long with e ons horse-powsy motor,

%
VA N
ZElevater #2 1g & suctlon eir slavator with the 808 ap2cifia
cotions eg #1 rnd will deliver the ore from ths ccresn to tie
exfolintor. Tiia elevetor will bae powared wlth = seperute fmm

and metor the gsms s #1,

EXFOLIATOR

The exfolistor th.t we proyoéa for trig ,1lsnt ie a 1¢ ingh
cylinder 15 fset long. This oylinder ors sxfolistor is lnwlsted
an tre outelds with 3 inches of varmiculits laguletion snd travels
on tromual whasla whioch cause tre cylinder U5 rotate. %le cylinder
of tils exfolistor is mounted on & frem of 6 inmch "I" beam and so
counstruoted that the pitch of the oylinder mzy be varie. sithep up
or down to suit the surposs needed. The exfaliator tube 13 to be
oqulppodfvith 8 yeg Wwrner of sufflcient =izg to exfoliste tha
laforial bty heat that is ut into it, This +88 oquipmsnt is not
furniabed by us tut sizo and copasity will be rscomnended to the
gE83 compsny supplyiny tris equipment, The exfolistor is driven
¥ith 2 oLain whelk extends arcund the oylindsr rnd to & Jecke .-
shuft which is gesrred to .ivs it the proper spsed, The Jacke

13 driven with ¢ thr@e Qorsa-gqucatlootrxa_mator .nugxawﬁh ,Mw“f?

A TR
% ) 601(-‘}'451“?’*

§

Tris 18 8 m'chine the sams rg elevator #1, Itg purposs ig
to Wave the vermioculite from the exfalistor and deliver it to the
Becond get of sereens. It 13 mogt lzportent et this stags to use
8 low velooity firselevator to remove tis product from tho 8xfolie
ator to the soresns zs it ig necassrry to coll thie product ss

Boon as possills and Lo saparcts Lho partioclss sne from rnothep
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go thrt tre seoomd zinge 2 scresns wirbl perfors 1te funcliong
mora efficlently. It 13 ¢lsd wall "0 menllill ot cris tite thet
2Ly under suction ooas woOt ko 9 tre axfoll ted cryst .le va lle

tk\ey % o2~ hstq

SCREEN
Corssn Y2 1z @& sizing unit =iuzll-or Lo creen L Lalin, ©waeiruc—
tad 89, thirs unit ls equippsd with two scroens wiiln 1/25 incr.
N
‘B perforations on the top soreen und 100 mast on the bottom. “he
Sefs MY —_—
our;oss of thaese sorsens is to grade rnd sizg tns ex{>liatsl verid-
sulite. -re plus of th9 screen will Le w.terirls thot zre lipger

tran 1/25 incl.. “he minus of the screen will Le matsrl:ls sw ller

then 1/25 inch, whick clasaifise the exfolirted vermlcullte 1ato

&
A
d}ﬁ}gf two xradss, & course +na m Ledlum,. Tpere will #leo be dicchiryed
T
“l¢g?{ 7 from this shoe any vsrmiculite thet hes not besn wxfolivted wud 1t
.J~J .Jff\ * '
%yﬁﬁ will Lte raturred to the sxfolimtor rnd clrssed us return praduct,

TAILING CURVLX.R # 2

~ailing couveyor#2 h:s the same specificrilions ru conveyor

#1 ond 1ts purpoze is to take the unexfollsted vermicullite from

the second screan »nd return it to the exfoliator.

Zlevetore 3 «nd 4 sre sizilapr units to )L and 3, hevin alr
under suctisn to movs the sirzed varalcullite to thelr respective
bina. “hs two elevetors ~re powsred bty ons mwolor end dna fan,

- “helr purpose is to taks the cosrss sni medium to thelr raspectlve

tius for furthey processing.

i S
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of three:bina constiuc

Sset ted of 16 gusge iron,
- 2 KR -

4 fsot wquerozéndziﬁ‘foot tighe Constructed »ith trpersd Lottozs
they =re provided with mamual cutoff, “he purpose of these bins

are o follows: Bin F1 is & reservois into which the coarss verw

miculite is hseld until rurtﬁer'procensina ig8 i-me. “Lks second
bin is 2 bin of the same size which holds the bLond wiich 18 Pp-

pliad to ths exfolisted motardiels s thet 4t might b2 uged as &
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plester, Bin #3 15 n reservoir for the fins sxfolirted mwrtariclg
and holds them for furtlsr PrCassing. “rege thres bLins ore aquipped
with indlvidual outlete which hads its product to & blendar or to

8 oomnon drawe=0ff., Tris drav-off is providaed =0 th ¢t if 1t is
necessary to bey matsrisl us streight vermioculite not comtinsa

with the bond it may be done on bLoth the course snd madiur outow
rirls,

2
B

E; 115%5

The tlender for this plant is =n e tyre btlsmuer into

b

which certsin mgterlala ere dellvered rnd by the use of an U o
the mztericls e metersd logstirer sertein propsrtions which L0
then completely Llended before 1t is delivered to the sacking
stage, 7Trls unit consists of ome § inoh egor end ons 8 inol
broken<{1iyht &u or which Llsnds the praducte togsther end pro=
dugeg a finighed product.

The sacking bin is a Uxix8 foot stesl bin constructed of 16
gacue blick drem into which the finished preduct is delivespred
for sacking., Thig bin is equipped with an ocutlet spout thet rendlas
& certsin numbsr of cuble feet of materisl to the brng, Iris delivepy
spout ig adgusteble 80 that the culioc feet mry e veried cs desired
so that a ogrtein welght oan be delivered to ths beie This type is
very sstisfrotery in brgging lky m:terial whers sbaslute gsourate
wWeight 1e not essential, 7he outlet spout 18 squippsd with two -
Sut=off zntes that ere conjunoted with saskh other, tret is, when

ths bottom ate ims closed the top .ate is open ?ILOhiné the QG

e B
2R R

et Sl g e =
- dor s o, Sitpelit _a

,;,'am -_-u «_
h=34 &

’slﬁ open thc toy alidc wlll olose. cutting off

L

any natarlala fronm émtering into the delivery chamber which sllows
& definite amcumt of cubio fset to enter into the bag. %he first
ksg 1s removed, another beg is plased on the tubs and ths rprocedure
i3 repeated,

»f.&»' i

»——aﬂau?erye wh to’mn*‘i‘iith & oertain mambar Qt cum:; feat of muterial. i

r
£

-,
e

1
!
1

.



cupineer's Report
rage 6 ~

I have ;iven the 4an; ineerin, of this rroceéseing  lent considerable
thought and while I recouzanded a 25 ton unit for tis plenat I

telisve that it is doubtful that you will cperate 24 hours =« dey

only under sxtreme conditisns, & 25 ton mill will praduce 8 ton

ef finished proauct in 8 Fours and I belisve tiils capscity too

szall for trhis operation end in fleuring prices I fing thaet for

1sss then double the monsy, & 50 ton wuill cen be Mt in which will
hexndle 16 tons of product in 8 hours. It would Lo oy <dvige to

the users to taks thre rdvantege of ths legser cost of the ecuipw

went and to keop in mind lhed it costs no more to lostaldl & 50

ton =ill tlran it does to instzll ¢ 25 ton m1ll, neither does it
require s proeat deal moprg space. In sslecting spoint for this
operstion I sdvise thut you keey in mimd tiat this 50 fom will will
require a floor gpsce of approxim.tely 25 feet e7UAre "n.: wren &
tuilding 18 purchesed it would ‘bs advisalls to .8l one wilhk gdew
uate alorsge for =t lsast omne carlosd of bagsed, rinilzhead product,

I elso bellevs there should bs ag opsn ghed under wrich the paw

ore csn be stored prior to proceseln;. This will cvola delaya in
waltin; for motearicls to dry bvefore processing after a rein or anow
88 the materlal »11ll not procsss wet, It might evsn ba possitle
that: eheat dryer will heve to be installed, I do rope that you

find 211 1n order in this engineer's report on s processing plent

for your ;;rmleullteo Wg ora enclosing nn itemized prioe liat on

the squipzent requlired for tiis inetellation, 7iisg price includsg
complste instruotions toth for instelling -nd opermtion, Any furthep
questionsg that you micht ki ve 4n reguard to construetlon op cost
uauld ba glersad to cive you furtrer datuils,

Sl “"’“"“"’“WM - o L Lol
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PRICE LISt

Primexry Ope Bin
1° plote Bx8x3¢

Syntron Vibrating Fead

" Clute Tlevator {No, 1)

Ingludes Hotor«fan and Piping

Cluts S@p&ratlng’Scraan
Vit Changeatble Jeresns and Motop

Clute Elevatop {Ho, 2)
Seme 88 Item Ho, Cal

Exfaliator
Prcpealled

Clute Flevator (is, 3}
3ams as Itonms Caly Cu2

Cluts C@paratinf Iergen
Sams as Item Do

Clute Zlevetors

2 Llsvators

1 Pan Unit
Comtinging Bins (3}
R ensep

Sacking Bin

Bond suger

TOTAL

& 982.00
1,276.00

1554%0.00
14660,00
1, 540,00
1,784,00
1, 543,00
1,660,00
2,187,00
1,284,000

1,140,00
735,00

—245,00

817,563.00

Prics Dogs Kot Incliuta Ingtellation

FOB Hoaky Ford, Celorade

uotation VALID for 90 Dayg

FRABGIC H, CLUTE AND BGB
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ENGINZERING AND GICLOGICAL RZPORT

This report is to cover the area affected by the periodite_dyke intrusion

known geologically as the Silver City Dome and stratigraphy as the Hill Pond
% periodites in Sections 29, 30, 31, end 32, Touwnship 26 S., Range 15 E., Woodson
County, Kansas and Section 5 and 6, Township 27 S., Rangs 15 E. and Section 1, ~
Township 27 S., Range 14 E., Wilson County, Kansas. I personally am aguainted
with this area and did my first work here in 1921 when I surveyed the surfece
structure for oil exploration. The area 6f the dome is gbout eight sguare
miles with a fairly flat irregular elongated top and the sides that dip is high
as 200 feet to the mila. There is a closure of 200 feet. One peculiararity of
this dome is the fact thaet the 200 fe.t closure on the top of the Lansing Lime

;fs does not carry thru only t$o the Fort Scott Lime at 800 feet, and there is pract-
N, ically no reflection in the Mississippi Lime at 1200 feet. Therefore, we came
< \ to the conclusion that the warping was caused by intrusive lacoliths which are
< v the ore bodies. In fact, the thickness of the ore bodies is nearly the same as
*t’i_ - the up warp. In 1941, the Santa TFe Railroad and 4ilf F. L.ndon did some core

drilling along the north edge of Section 32 and the south edge of Section 29.
They were searching for ballast rock, due to ths fact of a surface ‘exposure of
metalmorposed sand stone that had been transformed by magma waters to quartzite.
There was not sufficient of this rock to warrant quarrying and running spur to
szme.

Mr., George Hill, the land owner, tock scme of the weathersd ore to Denver,
for testing and there was only tested for vermiculite. At that time vermiculite
was worthless and no chemical analysis was run on ore. So the project was aband-
onded. :

The Xansas State G.ological Survey and United Siates Geological Survsy had
representatives on the ground during this work and published a folio knoun as the
Fredonia Quandrangle with special emphasis on the metalmorpose area known as the g
Silver City Dome. They report two ores that we found later end had chemical ana- .. ""
lysis made. Ue find that both ores are Very similiar in chemical composition amd (2t
the chemical composition of these ores are fairly constant over the entire area

_of all six hopizcng, They average: Magnesium Oxide,..20%, Silicon Dioxide...46%,
Aluminum Oxide...7%, Iron Oxide...6.56%, Titenium 0x1de...3.57a Potassium Oxide.
0e5.5%, Sodium Oxidee... «75%, and Calsium Oxide...3%. These chemical analysis
were arrived at by the Kansas State Geologieal Survey, Geo. Chemistry Division,
Lawrence, Kansas and the Bruce Williams Laboratory at Joplin lMigsouri. Ths summe
ary of these analysis will not vary t6 any extent to be noticeable., S0 we con-
elude that they are right and tlie ore body has the same source.

THE ORE BODY

In the cors drilling by Alf Landon and others, it shows in the logs of these
wells, along the scuth half of Section 29 and the north side of Section 32, there
is an ore body laying on the durface approximently 1,000 fest wide and 5400 feet
long with an average thickness of 40 feet of the weathsred periodite and an aver=- .
age thickness of 30 feet of the unweathered periodite. This makes, using an aver=-
age of 80 pounds per cubie foot for the ore, 8,448,000 tons of weathered ore and
6,336,000 tons of unweathered periodite ore makmg a total of nearly 15 million
tons of ore that can be mined entirely by strip mining.

O™

It appears that his surface body of oré is in two lenses or bodies. 'That
both connect to the dyke., We have a body of weathered ore, laying near the cen-
ter of the west half of Section 32 and possibly extending over to Section 31.
This body of ore lays very close to the surface of the ground and is approximent-- 4

~ — -1y 2500 feet long, 500 feet wide, and-has an average thickness of 20 feet ard in
‘his one deposit cnly the weathered ore there is over ome million ton of ors t-ail
¢ex be strip mined. Under laying this and covering a lot larger area possibly
36QQ fest long and 1500 foet wide and averages over 20 feet in thickness is a
bsd of ore of the solid periodite type. This ore body possibly -extends and de~
finitely must extend to, the dyke which is 1500 feet farther north, as it dips
Down at about 3600 -feet north of the south line of Section 32 =0 we Teally
Xnow of no amount, or thickness of it but we do know in coring wells from south
Yo north that it increased in thickness. This known part of this ore bdody re-
presants 54 million toms of ors that can be sirip mined and mined fram an addit
Yaking off from the strip mine pits. It has, when undergroung, a strong ceiling
and this can be mined and heuled from the mine in trucks same as if an opem pib.
It's chemical composition is the same as the upper strip in the north end of the
gection. Deep coring in this section near the gouth end of 8Section 32 also shows
an ore body, 20 feet thick at 300 fect. It also shows another ore body beginn-
Mg at 480 feat and running to 525 feet, a thickness of 35 feet. It also shows
anothar bed Of ore et 705 feet to 760 feet and another bed thdt beging at 770 feel
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and we were still in it when we lost the hole at 80l feet., Chemical tests on
all these loweér beds show an equal or inereased mineral content that .corresponds
with the chemical enalysis of the two surface beds: In fact, in quoting r.
Paul Franks of the Kansas State Geological Survey and referring to the pap of.
the United States Geological Survdy of the Fredonia Quandrangly by Holiis D, Heg- .
ner, he shows, and Mr, Franks states that these lower Qacoliths)or (Seds).of@. . 7
ape from the same source as the surface beds and should show and Mr. Franpks says,
will show the same mineral content as the upper beds as to make his expressimm

{ as a quote, "thess beds are similiar to a grain bin of which the grain bin is

{

the dyke arnd if you drew off the bin that has been filled with the same kird of

grain you will get the same kind of grain from thé top of the bin to the botvcm

of the bin." Taking the logs of the six wells drilled for ore tests in the area

under discussion show that these lower four beds extend apd can be correlated as
continous lacoliths in their horizons. A cross section map will show “he saie.

As we know that these beds will extend to the "Mother Dyke"™. In these four heds

there is definitely ten times more 8 this ore than is exposed on the surfacey

but. as they.are deeper, will be more costly to produce and it is not eccnonical

to hold these beds on present leases. I would recommend tbat the company arop-

the leases in Section 6 end 1 as the lease »iil not mun long enough to be Ler- .
putated by production and it is a economical waste $0 pey rental on these ieases
that will run out in fomr more Jears. As ther: is sufficient ore in Sections

29, 30, 31, and 32 to furni sh 'an.. adequate reserve of ore produced. at a high rate’

five times as mueh as contemplated by you for over a hundred years and besids you

still have the huge reservs of the four lower beds: Also in checking the i10gs

and the cuttings of a well drilled near the north 1iXe of the northeast guarter

of Section 3L at 1,000 feet this well logged af 50 foot vein of coal that the Ca p)
drill cutting taken from the slush pond show that this soal is definietely antric= ~ .
ite and according to the Bureau of iiines at Denver and also at Rolla, ilissourly, ¢gud
¢his is the only depoait of antricite coal west of the Appalachian lountains. G,
It stands to reason that this coal should be aniricite because it lays within the "-‘-ﬁ,g_,((
scope of the metalmorpism from this dyke and that is the only known way that ante
ricite coal can be formed, No othei entricite coal beds have been found any-

where in the world unless it is a metalmorphic area. It is elaimed by the Bumesau

of iines that the kmown supply of amtricite coal in Pennsylvania snd Virginia will

not last at the present rate of extraction over fifty years. So this’is an acseth

to this project and should be core drilled to find it's extent which I think is

very large. I could go into the reasons for the extremely thick bed of coal tub

it would take an exhaustive amount of detail to do s0. '

There is another peculiar thing around this upper ore bed whixh is a fairly
thiek deposit of serpentine. igneous rock which is directly related chemically to
the ore body. : Part of this rock is a dark, brownisheblack mottled in color and
is very rare and is in demand from Mpoek hounds", rock houses, and lapadaristse.

As several ;;r;ock experts have told me recently that there is no deposits that they
ynow of where they can get supplies of these two types of serpentine and want same
ples of same. This is on the surface and can be economically gquarryed and prepar=
ed for their consumption. This will be a nice little side-line for your project.

T
The area under diséussion lies 14 miles southesst of Toronto, 14 miles south-

west of Yates Center, 13 miles north and a little east of Fredonia and approximent-

1y 5 miles from Buffalo, Kensas. All of thess areas are on State and U. S, High-

ways’ and there are county roads, hard surfaced, to the project site. The area is

drained by the Little Sendy Creek, which flows into the Verdigris River. It lays

approximently 1,000 feet above mean sea level. Thersd is ample water, supply, with=_

in reasonable distance of the plent gite.. Thera.ars two eleetric power lines .

that can supply power £oY this;size" plants— There is an adequate gas main that .~

czn furnish Heat for heating buildings and necessary processing and thers is suffs,

foisnt housing.in the immediate area of good abendened farm homes and in the Tour

cities mentiocn, where modern-facilities are available. : )
= . ' W Tk e (\
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MARKZTING PRODUCIS

Your vermiculite has a ready demsnd as exfoliated insulation and your rars -
earthg are increasing in demard daily and you should not anticipate the disposal
of these as they are end can be produced in large enough gquantity and can be atte -
yactive to buyers of these products. The slimes need some more research to de-
valop high temperaturs refractory brick which are in great demand and other dense
clay products. The magnesium, aluminum, and silicon can be processed into a form
that are salable to industry and are also in increasing demand as the atanica age
develops. In your dark ores you will have all the same products except slimes
and the phlogopite mica which cannot be exfaliated can be procesged to produce
pure silicon which is a very scarcs, hard to get metal that is in very scarce

— e
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N c~-,\j;\s’uq:apl:r. The rac'; there is no other large supply of phlogopite in the world ex-
Prec % cept in Madegrascar, increases the value of this mica. Of all the sixteen types
‘ of mica, phlogopite mica is the only ome that can be converted into pure siliconm, ’
hsnce you have a supply of a very scarce articale. =
. ' T T s e T
CONCLUSI N
. I am =and have been for years very muchly impressed with this unique metal .
deposits and am satified that this can be developed into a very paying projects
Respactfully submitted,
L Ceeil T. Welch
N Geonlogis® and Enginesr
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J RADIGACTIVITY SURVEY OVER ROSE
DOME, WOODSON COUNTY, KANSAS
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ABSTRACT

A radioasctivity survey was made over Rose Dome, Woods
son County, Kansas, to attempt to locate any igneous body
which might be present. .

- TWO traverseswacross the deme appear to indlcate the
presenge of }he granite on the domo,
INTRODUCTION

Rose Dome 18 located in Eminence Township, Woodson
County, Kansas, approximately 8% miles socuth of Yates Cente
er, or 1 mile west and § mile south of Rose, Kansas. The
NE: of the SE: of 813, T26S, RISE is partially covered by
the gfanite boulders. Thls constitutes an area of about
40 acres., Most of the granite exposures are directly ase-
soclated with the 5 prominent hills of the area., These
hillse have no definlite alignment,

This radioactivlty survey was made to determine whethe
er or not radloactive anomallies were present in the area,
and if so, the relation of the anomalles to the occurrence
of igneous rocks.

Previcus Work

Twenhofel,‘(1917. s 363) belﬁ?vea the hills owed
thelir nrisln to the reeietsnce of- the bauldere a8 compared
with bhe resistanee of the surrounding rook. He concluded
that . ﬁhe bouldera reaohed their posiﬁions bhrough the age
encyvngioe. e S o

1 PE%era (1§17, ps 150} 8 uggested that the boulders w
vere derived rram 8- 10031 granite elevation which was un-’

dergoing erosion durins the deposition of the Weston ahalea.




e

?ﬁ@;ieved that the parent rock for the

granite in w°odson ccunty, Xansas, wae to be found on the
northern end of the burlied mountain ridge of central Kansas.
In a later paper, Twenhofel {1926, p. 412) discarded
the ldea of glaclial origin for the boulders. He recordsd
the presence of contact mstamorphic minerale in the shale,
He concluded that the blocks are suéface exposures of a
granite mass which intruded into Penmsylvanian strata; that
this intrusion arched the strata intruded, and developed
contact metemorphlc minersls. .
ﬁ%wenhofel and Sremer (1928, p. 758} recorded tﬁe fact
that e well drilled 3 miles southeast of the Rose Dome pene
etrated a black rock for s thickness of 102 feet. The
black rodk was identified as peridotite. They suggested
that the peridotite is a dike or 1n£rusive sheeé which is

connecied in some way wlth the Rose Doms intrusivess

Enight and Lendes (1932, p. 15) suggested that "a par-

ent body of magma first intruded the crysizlline shell une-
derlying Woodson and adﬁ‘aeent countles, Gupolas on the top
of this deep-seated igneoue body broke through the pre-
Cambrian rocksiand argheg the overlying gsedimentary straéa
at the eameﬁtiﬁe sending out dike offshoots. VWith crystal-
lizatien of the magma in the cupola, hydrothermal solutions
were eﬁpelled which worked upward through the rocks causing
metamorphism of the shales, sandetonee, limestones,; and

some of. the dikes" 3

L Radloactivity Survey
This radioactivity survey was made during the - month of

:

March, 1948, using 8 Geiger countar, The lnstrument ua°

checked for cosmie radiation during the course ofdthecsurﬁey,'F

LN
' [ ]




and the checks averaged ll.5 counts per minute. A Brunton ..
compass was used to.lay out the t:averseé. Two traverses
weras used, one trending N20W, and the other trending‘NSSE,
On each traverse stations were placed at 30 foot intervals
across the dome for a distance of 600 feet, and at 300 foot
intervals for a distance of 3000 feet on either side of the
dome. The traverses crossed in the center of the dome.
Acknowledgments

The writer wishes to thank Dr. R.H. Drever ‘of the Un~
iverslty of Kansas, who supervised the work and who made-
many “helpful suggestlons to the author. The writer wishes
also to thank Dr..Mark Jewett of the Hansas Geologlcal Sure
vey,.who gave helpful advice and informaticn on the survey
area. )

GEOLCGY

The YWeston shale in the Pedes group of the Migsoufl.
series, crops out over most of the area. The Weston coh-
talns local beds of limestons and beds of shaly and evene
bedded sandstone. Beneath the Weston are severa% hundred

feet of lower Pennsylvanian sedirments which are in turn uii-

derlain by Hieslssippian sediments, most;yggimestbne. Marine =

limestones, and some sandstones of Cambrien and Ordovician

age lle beneath the Misslssippian sgdiments and overlie the

pre-Camnrian granites ~ -

Min the survey area the Paleozolc sediments are intruded
by a~gp§nite mass.  This intrusion intersects the Missourl
séﬂiments and 1s therefore probably poét-Missourlgin age.

BASIS FOR THE SURVEY A

¥ost igneous rocks are'more radloactive than any of . °

the sediments. The sedimentary rocks of the earth's cruat

are radioaetive 1n different degrees., Generally, dark-colored

>
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shales are more radlesctive the~ are sandstonses, and sande

ctones are usuall& ners fgdioacttyeﬂthagibu;;~ii;esténes.
Theréfora, it should be possible to'getect the presence of
igneous rock in sedimentary strata.
| RESULTS

This sufvey shows a high radloactivity angqg%y in the
center of the dome (Figures 1 and 2), This anomaly 1s. of
the magnltude of 19 counts per minute, énd is present on
both of the traverses. ¥No other cpunts on elther traverse
were as great 28 the count at the center of the deme; rather,

all Sther counis were egpproximately average for cosmic rad-

iation.
" coNGLUSIONS
. The high radioactivity anomsly at ﬁhg center of the
dome appears to be caused by the granite and not by the

surrounding sedlments«
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‘Silver City Meta Area Cores
Described by Holly C. Wagner

7/14/52 & 7/15/52

Quartgibe; moderate grayish green (5G L/2), very fine sand
grains cemented with siliza, Mica sparingly presend on
bedding planes. Locally speckled with 1/8 inch blsb-like
greas of darker green color,

Shale, yellowish-gray (5Y 7/2), fissile, slightly siliy, .
apparently entirely waltered. Grades-downward into

Siltstone; very light gray (¥8), very finely micaceous
no apparent alteration, Grades downward into

“Bhale, Yight olive gray kSY 6/1), very slightly silty,

slightly wicaceous, a few wood fragments along bedding.
Grades downward through a silbstone (about 3/h" thick)
into

i

Sandstone; very pale ovange (10YR 8/2) %o grayish orange
(10YR 7/k), very fime grained, wellesorted, siightly ;
micaceous, many vory small blebs of iron oxide throughoube
Cenerelly fairly well-bedded and thin bedded (1/16" to 1/Lv),
Basal 6% is creoss bedded znd contains vary many small Ifragments
of carbonaceous matter on the bedding planes,

Voo
Sandstones very light gray (N8): very fine grained, thin
bodded, the beds being about 1/L# thick, separated by 1/1i6v
beds of carbonaceous matier that contains & few mica plates.
Locally the carbonaceous beds are lenticies thab feather
out laterally, Smallescale intrafovmational folding ig
present at the top.

Sandstons, very light gray (N8), very fine grained, massive,

relatively porous, slightly micaceous. Strongly cross<bedded
locally and when cross bedded, the bedding is brovght. cub by

the thin carbenaceous layers, Lower 8" is gradational tc the
underiying -
Siltstone, medium light gray (N6), carbonaceous, very Finely

micaceous. Brownish lenticular units throughoubt af intervals
of a foob or slightly lesss ;
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Quartzite, light bluish gray (5B 7/1), very slightly -
micacecus, much chlorite (?)

Sandstone, light olive gray (5Y 6/1), slightly micaceous,
eroas bedded toward basaes y

Cleystons, medium 1ight groy (N6), contains a little
carbonaceous mabber and very fine Mica. Siipghtly. sildys:
Hany moderate yellowish browm (39IR 5/h)icnsss. (Ivonstons
Actually is fairly well bedded
and breaks 2long bedding plancss . ’ .
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" Quartzite, pale yellowish brown (L0IR 6/2) %0 moderads -

yvellowich brown (1OYR 5/L), locally only poorly silicifiede
Many greenish blebs (chlorite?) loecally.

Shele, silty, yellowish gray (57 7/2) to light olive gray
{5F 5/2)s Ho alicradion apparent micaceous,

Shale, medium gray (N5), very slightly eilty, = liittle ,
chlozite along joint plansg in upper parts  Lowew park
contalns maly roddish ironstone concretiong,
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. medium 1lght gray (N6) bolow dhabe One ironstons concretion .
(2) noteds ,

Quardsite, very light gray (N8) with distinet greenish «
cast or bluish cast locally.
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Quartsite, yellowlsh gray {5Y
pink (578 7/2)
very {ins grained, well sorted samistone cemented with
Cementabtion less complete at bass.
mxdepately micaceous sil
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Silbstons, 1ight gray (N7) much finely divided carbonaceous
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)
{

fox b }
! {}" N 3 " ' b / p

AT 5 3 o, ’ d

~,w<‘!‘ [—g L) % . v

S et g 1 . v

wHea Y - R LR : ¢ 3 )

;fﬁ%:l o F i o 5 K4 { '
s I A - . - s + s ‘s - i

ST . T X 3 ¥ ; ; . t

§.§J *up ,k A 3 . ¢ N g

3 L a6, & * A
ki f A ’ : : - N

L gy
L O, & 5 Y B ! . Ve .
EPLSICEIVENIEN Loy i ‘ . :
Q»:_,‘ B o S v ™ s . i
I ;
3 . ok s
ohiw LT ES - 3 4 et
)f o ﬁ’ » 1 4 IS e
1§, i . H -
LN I - N ; -

3 1% B D M « . £ T - .

30 ot
e L » y 2 - * 1 g
S8 e P ;s s . . '

. -
CAVE S o roo ot : "
ERa K3 .

g‘ * w t * . * , - & -
i .- - P N v
!a ¥ - . ' - .- o ! -
ﬁ Y - i ’ 4

ST )
3?"1{_! - Vo w t i ‘ '
Ay L
1 b1 . M 4
3 N . . ' )
201 R, - (A .

. e w

& ~ r - N . .
NN o : . 3 .
> bt 1 ¥ H 3
{ K ke y ¢

} 1 ; 4 . Y P ‘
| o . 3 ¢ .
R N ’ , ¢ ‘ -
ak j . 3 - ¥ . .

i v d
LT - - kg
3 54 4 . ’ +

5‘:“ i [ 4 N X2

A 4 n

.‘E'i’" YA D ' : 4

ﬂ{‘ ; x - B 1t . »
E B .
3y ] :

i ¥ P i ‘1 ' g
33'”:'( ” A L . , ! E
g 4 Ty : L .t -~
‘g. I A ¥ [N * !
NN x 4 Ed
h ‘ ¥ ’ |

e oy, ' W - . s
!’ 't + - R . L v} .

. N v i * 3 \N
] - v .
0y 1 Lt -
' . ’ PR
S’ x - PREES " . v
1. i . Yoy
' “ ; 1 N B u . 5
’é : - ) - . S s, e T .
- N e < N
. B
{ R 1 R 4
o ) . o e
W : : P T
R ¥ w0 B v l
*: 4 " s [ o . ,\
o Y LR % . i s " ~u v
i “ <
fi .k( La v st /
4 r 2 .
Hes * v N 1 Lot o "'\j
i s i R % I
; - - 4 ARy . N
. . X
ol B 3 A N h . W £ k. oy o
[N v t LS O e N t
-, " . ; .y e
. e . T EEA
N » - o 4 he -
1 ' G woe o r A
i ; a4 AN
i toF W 22 C e A "
E - . ) T
4 ¥ j - -t ,’,’ z,{,, "3 ¥ .’-3' 2 .
n P . KV i 4 b Y
® . . . 4 K ¥ .
" i 1 . N
¥ R .
i + % A v
*e ORI
- P
L . X . ]
t 1]
~— - [

-



Carbonaceouge

Sardsbone, grayish erange (10YR 7/L), very fine grained
finely mlcaceous, Locally cross beddeds
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ad0 7 0=1250 Sandsteng, grayish orange (INYR 7/L) %0 very pale orenge .
I i’, r Ireland (L0YR 8/2? s Very fine grained, weoll sorted, locally v
:M Ry ”i} crosg bedded, slightly to modgrately ricaceouga - .
¥l Ty . ‘
TR 1+ A T fhele, vory pale orange (10YR 8/2) at top to light olive -
W L 7 ' 2
B i eray (5 6/1) ab base. Very finely micsceous and silty.
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Qua:-’uzit;e » very light gray (N8) with & distinet gzvemish
cgsﬁ:» very fing grained, coménted with silica, Bedding
thin and regular, bub locally.crossg beddeds Siightly
nicceoous ] ’
fandstone, very fine grejned; light gravish orvange (1O0YR 8/h),
l‘ayally cross bedded and irregularly bedded, bub generally
thin, well. bedded carbonaceous fragmends and mica flskes
present bub nob commons

n k4 \
Siltsbone, light olive gray (5Y 6/1), finely micacecus,
aandy ot base, ' - . .
Sandstone, yellowish grey {5Y 8/1) %o light olive gray
(5% 6/1); hardor than ‘that dircotly above the glsh and
probably has some edded silica, poorly bedded; very fine
frainody; well corbody some withe . '
Shalo, modium light gray (U6), very slightly 8ilby, ircae '
stone concretions (¥) prosond. '
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Shale, medium light gray (N6)
irenstong concretiongs - 00
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of Shnfs

h gray (5% 8/1) with distines phidsh
cast locally, to vory light gray (M8) with groenish cughs
Vory fime greinod modorately micaccous end many emoll
fragments locellys Locelly crossebseddoed
Sillcificatlon generelly complets
locally incompiete where bedding is mogt ovidend,.
This boedding is due to thin siltstons bands which wore
apparontly not as readily pormmated by the pilicifying
golution, -
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' Core Hole # 11 reor , _ . R
| 020 S0y dark dray (N3), seamed with white veinlets of quartze
- 90% recovery The uppermost 5 inches contains many small, Foundish to- e
Haskell Lse irregularly shaped white quartz which may represent : - .
1 fossils, Ab the qubtcrop I have found mete Hsskell is, X ‘.
2 . d that looked just like this and didn®é react o acid . K

£ , . . ' . .
lgfg;"qf oy o | elthers ) : .
A 3, . (
i N ' . :
A %0 3.8¢ 5105, dark gray (N3) with soms grecnish areas. This I .
ﬁ m; P 3 e 29 - - o
4y e Vinland sh. ' believe represents the upper, calcarecus (fossiliforcus) L
R I ! :
:

. part of the Vinland shale. , ‘ :
I Y \ N 7

o9 . Shale, medium Yight gray (N6}, slightly micaceous altered o )
"% Vinland'she - %0 quartzite practically throughout, excepting basal 3
» inches, whlch is soft and uneliered. \ L
AR . B \
LA Lt to 120 5i0,, between very pale biue (58 8/2) and light Bilue ' ' |
- . », Westphalia Lgo (5B77/6)s Has many darker blus or greenish areas, oval
o " shaped to circular, thet look as though %hey might | :
. orlginally have been Osagia Algas or fugulinids, I think . L
thig is the altored Wesiphaliam, i : ¥
$0 15¢ Quartzite, light brownish gray (SYR'6/1) very thin bedded, '
Toriganoxie se the interlaminations Leing white. Softer greenlsh material i
occurs locally ab 13¢k fbe . ‘ v
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” to 267 © °  Mica rock grayish yellow {5Y 8/L) to yellowish gzay (5% 7/2),
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Core-Hole #12 - - o, T o
0=5¥ " Shale, grayish orenge (10YR 7/h), punky. No silicification,
27,9 .+  Sandstone, grayish orange (10¥n 7/L) slightly silicified,
. “ very fine grained; well sortcd, well bedded bus locally
R . .cro8g bedded, Silty with carbonacsous fragments toward ~
b, basa, K
, %0281 . Shale, light gray (W7), very slightly silty, L
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Cors Hole # 13

t

o S Y, - 2%

Quartzite,
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Well bedded, locally cross bedded, -
Shale, medium light gray (N6), slightly silty, micaceous.

very light gray (N8) to light gray (N7

Jocally with distinet greenish caste

+ Silicified completely throughouts

blebs throughout,
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Geos Hillg? rscord shows this hole as all

Nos cors or depth gived,

o

Geos told me later that they gob abous

- Quartzite ab the top and then ail miea
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Quartzite, very light gray (N8). Hag disbinct greenish' .

; and blulsh casts locally. The colors ars dus to addition , : ’
i of greenish tc bluish quartz in the intergtlces and as Lt
+ parsial replacement of limonitic blebs (?). Uencrally st
massive and unbedded except near the centers Very micaceous,
. ooy
M t 7 -
Quartzite, dark gray (N3) to very light gray (N8) consisting |
of alternating beds {2bout L") of silicified sandstone and I
shale, the shale being the dark gray. The shale is only A
partly silicified near the base. Micaceous. ' n
t t £ 4
" Quartzits, very light gray {(¥18) with meny very thin lenticular ' “
partings of black silistons. Iicaceouss Very i’ineigrained‘- -
! , ! i
' Siltbtone and Sandstone, alternating.in i/8" (ss) and
1/16% (slst) bedss The slst is nearly black and very Y,
micaceous and occurs as very thin lenticles interlaminated Se?
in the sandstone. Relatively unaltered. -~ T
- , i N -
. Slst, medium dark gray (W), very micaceous: A few bhds i
) of very fine grained very light gray (N8) sandstone included. °
Softy relatively unalterede. PR !
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¢ REPORT ON KANSAS THIN SECTIONS
For Professor X. X. Landes

By E. W. Heinrich

Thin Sections l-4, 10-12, and 1-25 _ .. :

These sections are of sandstone that contains, in addition

to quartz, varying amounts of kaolinite, sericite, and limonite.

Tt

T
-

Chlorite is very abundant in section 1~4, in which 1t occurs
as dark green shreds and fibers. In the same sectlion apatite

océurs as inclusions in -quartz, and a few rounded grains of

P

eSNET XET TR

— Kk

zircon were also noted. Sericite is a distinctly minor con-
stituent in this section.

Section 10-12 is somewhat coarser-grained than 1-4. Both
zircon and sericite are more abundant, particularly the latier.
Likewise, limonite is very common; chlorite is not nearly as
abundant as in section l-4. Kaolinite after feldspar is also
present.- Feldspar, some of which is still unaltered, appearsj
it is plagioclase from the indices.: ,

Séction 1-25 has a somewhat different texture than the
other two sections. The grain size is approximately the same
as that of 1~44 but the gquartz grains are more rounded, and,
ﬂ‘whereas in the other two sections quartz grains are in contact

with one another, in this section the subrounded grains are

separated from one another by much Tine-grained, interstitial

and sericite.

=l=

e o, b mnmdeea

kaolinite. In addition, there are thin layers rich in magnet-
N
There are also layers rich in sericite with-

t magnetite, and there is also mich sericite disseminated

i bt bbb, b b b -
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throughout thé quartz-rich parts of the rock. Kaolinite is

more abundant in this specimen than in the other two. v

Section 21-66

‘This is a very fine-grained, dark brown shale whose chief‘
components are sericite, kaolinite, caleite, and limonite, ,
Loéally lenses of material somewhat richer in fine-grained
quartz occur. Some layers contain abundant calcite. Scattered
throughout the Tock are "eyes" of ohloritip material. Some of
these show a concentric”structure with central parts rich in
cdl.cite. The chlorité is dark green in color and is generally
characterized by a low birefringence, but some of the material
of a similar color shows high birefringence, and may be slightly-

altered biotite.

i

Sections 21-24, 18-41, 21-10, and 18-66

These four sections are apparently of the same rock unit--
a mica peridotite. The first three sections are similar in
texture, being very coérse-grained.' Minéral constituents are
reddish brown to amber phlogopite, olivine, augite(?), hyper-
sthene, magnetite, and apatite. The olivine and pyroxene have
been s%rongly altered to antigorite, secondary magnetite,
magnesite, and tremolite-actinolite. Very little of the oliv-
ine or of the pyroxene remains unaltered. Carbonate is part-.
icularly abundant in section 21-10. .

Section. 18~66 ig characterized by a distinctive texture.

¢t

--2—



The rock is somewhat finer-grained, and corona structure is
conspicuous. The central partsof the orbs comnsist of séTpentine
obviously reﬁlacing original olivine, and the rim consists of ‘
ﬁhlogopite blades arranged normal to the contacts of the core.
These orbs are set in a fine-grained matrix which has beenr -

completely altered to serpentine, tremolite-actinolite, limon-

ite,.magnetite, and possibly some talc.

»
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REPORT ON THE SIIVER CTTY PERIDOTITE
AND CONTACT AUREQOLE

-

"

47 SOUTHWESTERN WOODSON COBNTY,
KANSAS

Paul G_. MB
11 dune 1953 -

e

| KANSAS GEOLOGICAL SURVEY
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INTRODUCTION

The Silver City avea is one of three areas of known igneous outerop in the
state of Kensas. (Hoore and others, 1951, p. 30) At Silver City, serpentinized
peridotite has been intruded into the surrounding Pemnsylvanian sandstones,
ghales and limestones with the develomment of a contact metamorphic aurcole.

) The igneous body and the metamorphic aureole are located in sec, 32, T. 26
Ses Re 15 B,, southwmestern Woodson County, Kaneas., The area acquired the name of
Silver City when 1t was thopght that a silver strike had been made in the vieinity
of the igneous body, Although no silver was found, the mmerous prospect pits
are an indication of the high hopes once held for the area.

In more recent years. {19L6), attention has been dravm +to the area as a pos-
sible source of vermiculite, bauxite, chromite, and road ballast, There are,
however, no commercial amounts of vermiculite present, Nor is there any bauxite.
Ghrom:"t’oe has been reported from mechanical analyses made by the U, S, Bursau of
iines, but none was cbserved in the thin sectlons studled in this report, The
dome which is associoted with the intrusive has been drilled as a possible
petroleun reservoir, but with negative results.

There is insufficien_t data to relate the Silver City peridotite to bther
ignerus bodles in Xansas, even the nearby Rose Dome g?anite. The peridotite is
urisual because of the well developed contact sureole, and the later hydrothermal
activity. The intrusion &£ the igneous:mass into an anorogenic region is also
anemalous,

Some conclusions cancern__ing the mode of emplacement and the contact effects
are discussed in this veport, as is the pstrography of the ignecus rock and a
descrirtion of several thin sections cut from it and the metamorphosed sedinments.

PREVIOUS WORK

The area atiracted the attention of Twenhodel in 1921, In 1938, Schaffner
published a paper on the metamorphic rogks of south Thodson County. Since that™
time, no information has been published on the Siiver City intrusive, At the
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present. time, the U, 5, Geolopicel Survéy is sponsoring & study of the Fredonia
Cuadrengle which includes the Silver City area, The report, now in preparation,
is by Holly Wegner, who is also writing 2 report on Woodson County for the Kanéas
Geological Survay, The ficld relations presented in this report are those deter-
mined by ¥r, Yagner,
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The writer ie indebted Yo Prof, W, W, Hambleton (The University of Kansag)
for his help in the study of the tﬁﬁzx sectionz and the prepavation of this report.
Holly Wegner of the Uy S, Geological Survey hes been of great assistance, Through
his effort, the cores taken from the ara@a} those thin sections already cut, and
certain reports conearning the ares 1&'&'@:!.’5'&;a nadd availabtle for study.

GENERAL, GBEOLOGY

The geolegy of the area is shown in Fig, 1, vhich was propared by Holly Wagners
Regionally, the Pemsylvanién sediments dip gently to the west-nortiwest, but
here they ore upturned en the flanks of the elongate, eroded Silver City dame
which trends roughly westenorthwest, The Iimited outerops of the ignecus apd meto-
morphic rocks ave exposed in the eenter of the dame: The igneovs body is flanked
on the nerth side by a fault dowmthrowm to the north, The rocks adjacent to the
fault are drag-folded and breceiated, Dips as‘ateep as 80° are found. a2long the
fanlt, but they flatten rapid.}y oy from it;

The stratigraphic section, as chowm in the hep 1dgend ranges from the Stanton
limestone -of the ¥ssourisn series te the Lawrence shole of the Vi;‘g:ilian series,

. In general, the section consists of alternating sandstones, shales, and limestones.

The yommgest rock cut by the intrusive body iz the Ireland sandstons member
of the lawrence shale, On this basis, the peridotite can be dated as poégﬁg%msyl-
vanian, A

The igneous body is sillelike in Porm. Core holes drilled inte the imneous

. rock have passed through it inte metasediments, Idkewise, wells drilled in tho

?
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" area have passed through the igneocus rock into sediments.

¥

DESCRIPTICHS OF THDV SECTIONS

The thin sections deseribed below were 2ll cut from cores drilled on the
Silver Gﬂ.ty‘ denme, Cers‘:a?_;‘t sections had been prepared before this work was under-
teken and others were cut at that time, The first murber for z given thin section
indicates the core hole from which the core wap taken, and the second mmber in-
dicates the depth on the core at which the section was cut, The core hole locations
are shown inm Fig, 1. L

Uhenever possible, it was attempted to idemtify the stratigrephic units from :
which the thin sec'hinns ef metamorphic rock were cut, Sumples to be sectloned
were selected after megascopic e-mnination of the cores with the intenﬁion of
sarpling as many different rock types. as possible. .

Seetion 1 < L

Section 1 - b is a2 fins-grained m:.artvite, probably metamorphosed Treland
sandstone, It showp a quartz mosaic made up of grains with a subangular habit, andg
in close c;ntact with one ancther, The quartz grains show as—-&iﬁm‘—ﬁ-sesendam~'
prentir, There are no indlcations of silieceous or other cement binding the graing,
cxcepd for minor smounts of clay mingrals,

Minor amourts of feldspar, probably p'?agiaclase, hagf daveloped in the rook,

The feldspar is optically positlve, amd the fndices are less than those of the
quartz, indicating thet it is edther oligoclase or andesine, The grains of plagioc-
clase show porphyroblastic tendencies with respect to the muartz, apparently having
developed a*t the expense of the qnartz. Sutured outlines indicative of replaeement
,hrvever, are absknt,

The section contains sbundant chlorite which is largeISr interstitial to the
quartz: Interstitial sericide is present in parts of the section, Tt probably
formad after the chlu;':lte since 1t &anamts the chlorite flakes, Some serilcite
nay ha;ufe developed through the slteration of the feldspar,

Iiwmonite iz common in the seetion: Huch of it appears to be an aliaration pro-



duet of the glllori'tg; Wnor amounts of cloy materlals are closely associated with
the limonite, Small, rounded grains of zircen are present in the section as ine
clusions in the quartz,.

I@nor awounts of evhedral apatite ave present, Tt is probable that they are
grains of hydroxyl spatite vhich has been ;‘Ldentii‘iad in the metaseaixpe:ats of the
area through Yeray studies, (Aida Swineford, Kemsas Geolegical Survey, personal
communication) ' '

In general, there is mo strcng” 2ligmment of the mineral grains in the section,
excert for & tendency toward preferred orientation céﬁ; :"che chlorite and sericite
flskes parellcl to the traces of former bedding, Most cuartz grains show no undue
latory extinction, inmicating that the rock was not under apprecisble strain during
recrystallization, '

The percentage composition of the section has been estimnted as follows:

Cnartz 70
Chlerite 209
Clay minerals %
Peldspar 3%
Idmonite 29
Sericite ig
Apatite trace
Ziveon trace
100g

Section 1 - 253

Section 1 - 25 probebly has been cub from metamorphosed Ireland sandstons om
the basie of its location and depthy It consists of fine, subrounded quartz grains
seperated f‘:;m one anm;r by clay mét-ter and/or limonite as welllas serici’he;
Some of . the clay materdsl in the section appears to be derived from feldspars, pro-
bably plmgiaolase as deseribed in 1 - by

Wiell developed ﬂaké_s of sericide are gegregated inbo zones and aligned Gube
parallel to the bedding, Stringers of magnetite and pyrite are also found parsllel
%0 the bedding. They are best developed in those sones rich in sericite,

Traces of leucoxene after ilmenite may be present in close assoeiation with
the magnetile, Rounded grains of zircon and cbhedral grains of apatite are also
vresend in the section,

5




Percentage ccmpogitionz

Quarts 60%
Clay minerals 20%
Hagnetite B
Idmonite %
Sericite a?
f y z ite . 2;0
Paldspar 14
Apatite wrece
Zireon , ) trace
Icucozens (%) " trace
1004

i

Section 10 = 12:

The rock in this eecﬁiah is metamorphosed Ireland sandstone showing a quarte
mosaile of medium @'a&n siz@. The cuarts gradns are subangular to subrounded, and
some show faint 5igns of secondary growth and suturing, Some quartz seoms to be
nre"ent as a cenenting material, althuugh most of the interstitiel moterial is clay
limonite and chlorite, lany of the qfuax'tz grains are in direct contact with nefghe

boring grains,

The interstitizl éhlo;'ite is brown in coloyr because of partlal alteration, There
is 1ittle tepdency of the chlorite toward preferred oriemtation parallel to the
traces of former bedding, Minor amounts of fincegrained sericite are also presente

Zircon is relatively zbundant in this section, The grains :'_sm generally well
rounded and are probably of sedimentary origin, ¥Well devcloped, but altered plagio
clase without twinning is present. | ‘

Anhedral magmetite is present essocicted with tle sericitic layers, as is whab
may be 1@3&2&&3: ‘ .

Percentafge compositions

Co 65%
Cunrts .

Chlordte : 285

Cley minerals 5%

Tinonite o

Sericite 19

Harmetite g
no (?) {race

2oy trace
7]

Section 11 « 2 2
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The section is a hornfels derived from the Vinland shale, The rock is compoesed
of claoy minerals, cﬁlori’oe, and limonite, Two veinkets of what may be hydroxyl
anatite are prescot, There is no preferred oriemtetion of any of the minerals found

in the slide,

Section 11 - #iz
In thiz section, the Vinland hornfels is eemposed primarily of chlorite, clay
minerals and limonite, Coronas of chlorite which grade into the argillacecus, chilo-

ritic end limonitic groundmass are present., Fingly éivided quarts is erretically

o ¥
Eay
@
&

Section 11 = 13:hs R
- A\(}\\,‘}h

Section 31 - 13.) is metamorphoged Vinland shale which is now a chlorite-serie
N
cite hornfels, The greundmass of the rock is fine chlorite and sericite with some ¢

diggseminated thvrough the groundmass,

tendency toward orientation parallel to the traces of the {ormer bedding. limonite
and clays are concenbrated in zones parallel te the bedding, Rediate kmots of chlo-
r:i.%.:.e and sericite in such zones have resulted in Lighter colored corcnas. Some

talc may be vresent in the light-coloped coronas.

s Elebs of calecite and other blebs of cloy minerals are scatiered randomly

through the reeck &

. vhe
Section 11 - 11.8: ' E,,‘f'f’ " e €5
) \on@@'fla"“‘““ i
This section was probably cut from metamorphosed Findend she:ie; in which the -
bedding #s still epperent. Chlorite and sericite are the mzjor constituents of the b
fino-grained groundmess and they show a tendency toward preferred orvientation

varallel to the bedding, Smell blebs of celeite zre disseminated through the rock,

Section 18 ~ )l

Sectitn 18 - |1 shows intensely altered ignecus rook. There ave no traces of the
original olivine and mgite of the peridotite. The only primary ignoous minerel still
present is an amphibole of umpertain affindiies descrived umder section 21 = 2k,
The major constituents of the mclf gre serpentine, limonite aid clay, Xergy and
D, T.l, studies of svrface ¢lays from the ignepus rock indicate that they are

t



montmorillionoid, probably nomtraatée, T4 is probable that the cloys from more deeply
buried portions of the ignecus bedy are zlso nentrenite (7). Also present in the
section is phlegopite, some of which has been bleached, and minor quantities of a
carborate, probably magnesite, _

The rock in the section is located only 1h.5 ft. sbove a zons of brecciated
chert, T is cuite poestble that the intense alieration of the rock is dus to the
nore active civeulation of hfdrothermel and phreatic waters along the zone of

breceiation,

Section 18 - 55,62

Section 18 « 55,6 is of a chert breccia #hich is cut by quarts veins combadming
pyrite and peminite in places. K$I?fhf’_ }2@/?’\ o= e onh

Similar chort ig fourd a4 the ;urf&ce: The surface chert is a replacement of the
netanorphosed TTongem:de gandstone zhdfer Vinland shele and appears to be of lhydro-
thermal erigin, particularly since considersble chiorite is found in the groundmass
of the chert. )

After brecciation of the chert, querts veins containing pyrite and peminite
were formed, {ong with the hydrothermel introduction of the quartz, pemninite

4

and pyrite, some recrystallization of the chert may have taken place as is evi-
denced by iis coarse charzacier and the sutured hablt of many of the grains of
quartz in the brecciz £f11ling bordering the chert,

Provided that the ehert in this section is of hydrothermal origin, indications
are that thgra were at least two stages of hydrothermsl activity following the
intrasion lof the peridotite, Both these stages involved the intredustion of silica,

Section 18 « 663

The section shows a relatively fine-grained snd hiphly altered smmple of the
igneous roek, Of particular interest in the section is 2 well developed coronk
structurs invelving a serpentine core rimmed by 'phlogupita blades zrrange normal
to the contact with the serpentine, The serpentine core of the coronas sppears io
have formed through the alteration ¢f primary olivine, The corora structure lends

support to the idea that the phlogopite is not a primary igneous mineral in the




rock, but that it is more likely a product of devteric alteration,”
The groundmass of the vock is composed of serpentine, clays, and limomite
as in other sections of the fgneous rock, However, some tale as well as tremolibes

" zetinolite may be present,

Seci'ion 21 - 10

The seebion was cut frnm the altered igneous rock, It contains serpentine,
both chyysotide (in minor amounts) and antigorite, olivine, augite, the urimown
amphibole, phlogppite, nontromite (?), limonite, leucoxene (), spatite, and
carbonates, pm%ably z’;agnesit@.

The ampunt of the tarbonate minerzls in this seetion is relatively high (10%).
The magnesite (?) appears to be a replacrment after sorpentine, zlthoupgh much of it
transects end replaces the phlogopita,

The nearwsurface lecztion of the rock 4n this section may account for the rela-

tively intense slteration observed In this slides

Section 21 « 2hs

Sestion 21 - 2L wag cut from the igneous body, Th this scction, the rvock is of
medium to fine grain size, The primary minersls of the peridotite were olivine,
aurite, snd the amphivole of uncertein identity. There may have been minor amounts
of primery megnetite and ilmerd®e, but wost of the mognelite appesrs to have formed
during the alteration of the olivine and smgite to serpentine.

Huch of the rock i now composed of clay minerals which Y-ray and D.T.h. curves
on surface samples hsve shown to be 2 montmorilionoid clay (nontrenite (7))s Idmonite
has formed as another weasthering pmduc'iz in the igneous rocky 28 has a e.ax'bonata
(mgneait@ 23 _

The phlogopite remains relatively unaltered, except at surface exposures where
it has beem converted to a vermiculite type of mica, In the subemrface, the phloe
gopite occurs in wellwleveloped euhedral hooks, Inclusions found within the
vhlogopite ars eubedral grains of hydrvoxyl (?) apatite, raments of olivine, augita,
and the unknown zmphibole, Beczuse of this and the coronss described under secticn
18 « 66, it is thought that the phlogopite fommed a3 & product of deuterie alterce




tion of the oﬁginal vevidotite, _‘

Titewlse, the serpentine now found in the rock, including the antigpmte and
the mincy amounts of chrysotile, mey have formed through deuteric alteration, but
it 15 1ively that some of the serpentine is the result of later glteration
through hydrothernal setivily and weathering: The later hydrothernol activity proe
bably resulted in the introduction of the pyrite fourd in the igneocus body,

Chrowdte has besn rspm-md in mecheniecal anglyses of the peridotite, but none
hag been observed in the thin soctions,

The m:lngrala found in thisz snd other sections show no tendency toward preferred
orientation, incﬁuding{ the chrysotile velnlets, It is proboble, thorefore, that the
peridotite crys*talliaéé in situ and that solid state intrusion 4ld mot take place,
The later hydrethermel activity msy be closely related to the fluids necessary to
keep the olivine rich magma fluld during intrusion b léw tauperatures.

The percentage composition of the sectlion is estirated as follows:

Sexrpentine hog
Phlegopite 258
Hontrmzi%e &3 109
Timonite 8
Olivine 7%
Angite N1
¥ngnetite and other opaques 3%
fmphibole unknowm 2%
Uagmesite {2) traco
Apatite trace

The ammphibole unknown has the following cherscteristles: it is bimaxiol nege=
tive with 2 8V of sbout M5°3 it is lengbheslow. Given proper oriemtation, it shows
good ampbibole cleavage and pleochrolm with X andfor Y pinkish, and Z elears
interference figures show dispersion with r greater than v§ interference colers
range up to ﬁmt order yollows 3 angle ¢ = 1°%,

Section 21 & 65..3;

" The rock in the section is highly nltered peridotite with corona structures
developed in places. The corcnas involve serpentine corves after clivine and rims
of phlogoplte with the ’Plades oriented normal to the contact vith the serpentine.
In som e of the coronas, the phlegoplte appears to have veplaced the olivine im
the centers contemporanecsusly with or prior to the development of the serpentine,
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There ave no traces of the original ipneous minerals in the slide. Instead,
serpentine, tale, clay, magnesite (%), end phlogopite are present.
boa CF)  lpanesh, Soand =

Dot

Mropeie e aeiaeo, 18 relatively sbundant in the section. The
graina are anhedral, vwithout twimming, and hold remant inclusions of the above
minersls except for the clay and magmesite (2).

The whole rock is cut by the momnesite (2) veinlets which are generally parsie
1el and of 2 sub-horisomtal nature, Mnor amounis of magnetite are present in the
section,

Percentage composition:

e

’ Tole 16%
Foldapar 154

FWentronite (2)
nite 2
%@egzﬁg {?) wS%
Hagnet ace
e

Sectilon 21 = 661

The section wes cut from an argillaceous hornfels., The rock still shows promie
nent bedding, The groundmase is composed largely of clay minerals and limonite with
finely disseminated ehlorite, saricite, caleite and quarts. Segregated lzgyers rich
in caleite and/or quartz have developed paralliel to the bedding, The sericite of the
groundmass shows a tendency toward preferred orientation sube~parallel to the bedw
ding, .
Ain wnfasusl corona structure is slso found in the section, The coronas show
centers of eolcite; with or without serpentine, and they sre rimmed by concentric
rings of shlorite, Peinletse of caleite are alse present in the ssction.

The rock may be mebamorphosed Vinlend shele,

Seetdons 21 ~.69,5h, By and Ct ,

These throe seciions ore all from the same plece of cores token st successively
lower intervels, snd spaced spprerimately 1 ing apart,

Als of an aragonite vein which cuts through the country rock, The aragomite .
fibers are oricnted mormal to the walls of the vein and chow signs of partial ine
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version to calecite, Sm‘.ll frogments of chloritized couhbry rock are found as ine
clusiong in the aragonites )

B is a quartzite with a mosaic of fine, subangular and sutured quariz grains,
Intorsiitiel to the quartz is comsidersble chlorite, sericite, porminite, claj
and limenite. Minor smounts of pligloclase feldspar showing albite twinming havo
depeloped in the mopaidy Pyrite has been introduced ag 2 replacement after quarta.
Mach of the chlorite and sericite shcws , general tendency for the flakes to be
pligmed submparallel to the beddlfig, but some larger and well developed flakes of
chlorite showing no nraferred orientation ave pregent,

c is asserr%ially uhe same as B except that some of the chlorite and sericite
occur in pegrepated ‘aazxis aligned parailel to the beﬁdlng. Momg with the pyrite,
there are indigations of minor amourts of leucoxeme (7)e

The percentage analysis of the sandstone ié epproximately as followss

Quarts 559
Sericite 172
Chlorite B 14
Clay wmingrals l?
Iimomite %
Porminite g
Flagloclage ig
Pyrite trace
Iencoxene (?) trace

Section 71 - Tl

The sectieon is cut along a contact hetween g mebtomorphoscd shale and either
2 limpstons or a caleite vein,

The shale side of the section shows well developed krots of radlate perminite
ina gmncﬁiass of Pinely divided chlorite; clgy minerals and limonite, Also
present are sell blebs and disseminations of fine cuartz grains. Veinie{;s of cale
cite penotrate the argillececus hornfels from the calearsous side of the seetlion,

The calcareous poriion of the section showe finely crystallized calcite whic%z
nay be a metamorphosed limestone, Megnetite is present in ahhedral blebs, Pyrite,
partially altered to lMmonite,; is present in cubes, Stringers of. fincly divided
querte are present in the calclie,



Section 21 « 801

The section is au avgillzceous hornfels. It may have been 2 shele mesber in
the Tongonoxie sandstone,

The shale has been converted to a2 Tinely divided chloritic rock containing
a hirh percantage of clay minerals, Colcite veinldts are common, but sericite is
scarce in the rock, Uuch. of the chlorite has boen megregated into "eyelits® in
vhich the chlorite shows random orlentaticns In the grovndnngs, the chlorite is
alirmed sub-paralliel to the traces of former bedding.

Bighs of crypioorystalline quarts are found in the osleite veinlets,

i

PETROIOCY OF THE PERIDOTITE

The ignecus intmsive is a sill-like body whih very: definite upper and lower
limits, Corves drilled through the igneous rock passed into mebasediments at depths
of 66 £t in holes 21 and 18, Driliors logs of nearby wells have also indieated a
sill.like form for the intrusive,

The exact horizomtal extent of the body iz indeterminate on the basis of present
information, but areas of slight thermel motsmorphism are found et considerzble
distances {See map,) from the Imovn Igpecus suterops. It is probable that such
a- ezg are underlain by ignecus rocke

There are nof bextures or structures within the fineegrained igneous rod: that
indicate the intrusion of the peridotite as a serpentinite in the solid state or the
imtrusion of a very wiscous m@a, The vandom oriemiabtion of grains indicstes vather
that inhwoston took plase vhile the rock was still quite mobile, This :3.3 in cone
trast 40 the cencept of solidstate or viscaus Mrusion which is held ﬁo be the
mechanian of._ emplocement for most peridn%i‘bes. (‘I’urner and Ve@hmgen, 1951, mpe
216, 252)

The original igmzaus rock contained olivina, augi%.e, md an mphibcle of
uncertaln identity ds essentlal constitusnte, Remants of the minerais show falr
enhedral hobiis. Also presen‘t in the original rock mw have been magnetite, ow |
menite, and chremite. Yo olmmite was cbserved in the thin sections studied, but
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it has been repbrbed in mechanical analyses conducted by the U, Si Buresm of
tnes, Huch of the magnetite now found in the rock is probably the result of
alteration of the original igncous minerals to serpeutine, Part of it mey also
be roketed to later hydrothermal ackivity,.

The urddentified amphibole shows the following chavacterisiics: glven proper
erientation, it showe geod amphibols cleavage and pleochroism with ¥ and/or ¥
pinkish in golor and Z elear; it is biawisl negative and length slowy 2V is aboud
1503 dispersion is » greater than vy interference colors raxge up to first order
yellm:é z anrla ¢ ig sboub IBQt;

Prior to serpentinigation of concurrently with it, the phlogopite developed
in the rock, It is believed to be a product of deuteric alterstion of the olivine
88 deseribed on ;hgges 7 and B, Serpentinization of the igneous rock has resulied

4 Jin the formation of magnetite along viﬂ'x the antigorlie » scarce chrysotile vein-
By N
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'_ lets, and megnesite (2). Further alteration has 1ed to the formation of a mont-
“morilionoid elay {nontronite (2)), and limonite, %dmthemd activity has To-
:k‘" sulted in the formation of soms feldspar in the peﬂdstite as described under
section 21 = 65,3 as well as pyrite and perhaps some of the megnetite, but the
Jatter cammot be steted with any degres of certaintys The late hydrothermel ac-
1 tivity moy be responeible for much of the intense alteration of the rock.

'V//'LW

The extent of the éentact surevle and the grade of motamorphism in the aureols
indicates that the temperature of the intrusion was cuite low, Sinse intrusion did
not probably tike place in the solid or vlscous state, it is 1ilely that there was
considerzble water associated with the magna, Drperimental evidence, However, ine

dicates 'tihat a high water content i nod possibie ina paﬁ.dotite magnne (Tum@;
and ’G’erheogen, 1951, pe 2h6) The suthor, however, 15 of the opiniom that nﬁnarzzﬂi.»
zerg in some form must hove been rresent to aacaunt for a highly ﬂnid intmsion
of magmz and the later hydrotheormal act;vﬁv.

The contact aurecle eaxbtends up to 1,000 £, from the area of igneous cutcrops.
How much of the metmwplmsed ares is underlain by shallew ignesus rock is not .‘
kmowm, Tt is pmbable that cerbaln metamorphic areas removed fyrom the ggneous oute
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crop are underlain by dgneous meterial, {See Fig. 1i)
It is difficult to determine which offects ars due to contact mebamorphism

\.jand which are due to the later hydrothermsl activity. The time clement of the two

\\.
RN

actors is likewise difPicult to detcrmine, but it seems probable that the hydro-
thermal activity followed Very clossly after the comtaet metamorphism,

The major pepducts of the contact metemorphism are the quaritzites and chlorite-
sericite hornfelses of the ares. There has been ne high grade motamorphism resul-
ting from the indlusion of the peridotite, All the metamorphic minerals are of
low ronk and relatively fine 'gi'a:’in size. The sandatones hove been recrystallfzed
into quortsites mieés'm.;mwﬂg and limonite mesem'have been converded
to chlorite, sericite, and nagnetite, The zireon in the quartzites has remained
relatively unchangeds, The feldspars in the quarbzites are probebly of motamorphic
origin. Tt is unlikely that any detrital feldspar would be found in sediments such
as the Ireland and Tongonexie sandstones +hich are so far removed from areas of
isnecus outerops, The pyrite msy be & product of metomorphian, but in certain
sections, it is closely associated with hydrothermal quartz and caleite, Tt is,
therefore, probably of hydrothermsl or'lgﬁ.n: The origin of the leucoxenc (?) ro-
maing uncertain,

The hornfelses are compesed largely of chlorite and sericite, The origin of
the quartz and cglelte found in the hornfelses is uncertain, but it is possibide
that they are in part metamorphie segregates.

Indications of strain during metamorphism are practically absent. Some of the
quarts does show slight undulose extinction, fnmy of the preferred orientation 6f
the m:icaceoua minerals i1s submpparallcl to the bedding, These effects are more
likely dna to load rather than tectonic forces,

He limestones were found in the cores drilled through the igneous rock, Whet
accounts for their absence is uncartain; Perhaps the peridotile was emplaced by
nezns of assimilation of the limestone country roclc-: Perhaps the cores did not .
penetrate to the limestones in the section, Hetamorphic effects on the limestone,
thervefore, remmin dndeterminate,

Hydrotheymal activity following Entrusion of the original perideotite memma
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probably resulted in the further serpentinization of the peridetite and the
development of some feldspar in the body. It is.thought that the source of the
anomalous hydrothermal fluids lies in ‘the mineralizers necessary for the lowe
temperature, liquidestate intrusion of the pwﬁ.dotiﬁe;

The major effects of the hydrothermal activiy were the developnm:t of hydro=
thermal (?) chert (See under section 1B « 55,6) in brecciated zones, and the _
development of quarts calcite veims cutbting both. the metesedinents and the ipneous
intrusive, In those veins cu%‘iné the peridetite, the quariz 1s emethystine,

Yeins contalning quartz and hydroxyl apaf;ite have been found cutting surfoce ex-
posures of the Haskell limestone, Velns of hydroxyl (?) apatite have been found
cutting the hornfelsed in the cores, Qne vein of fibrous arzgonite was found in the
thin sectioﬁé. Pyrite and some perminite has been found in the quarkz veins,

The parzgenetic s;qnence as far as ¢can be determined was first the development
of the chert followed by the introduction of the vein quartz ané calelte, The
exact position of the other minerals in the sequence remuins uncertein,

The degres of hvdrothermel silicifieation of the country fock is uncertain, but
it is probably very slight, Very little evidence for secondary growth of querts
prains in the quartzites has been fagmd; fSoz;;e of the querts found in the hormne
félses may be of hygrothermal origing but it seems more likely thzt it is 2 meotoe
morphic segregate, _ _

The hydrothermel activity, besides furthering the alteradion of the peridotite,
may be responsible for some of the alteration of the hornfelses back to olay and
the redeveleopment of clay mlnerals in the qug.rbzites. .

CONCLUSIONS

The Silver City peridotite is a low~temperature sill-Hke body, Intrusion was
probably in the liquid statey the mineralizers being responsible for later hydro-
thermel activity, Deuterlc alteration was probobly raspom;:ibla for the development
66 the phlegepite in the rook, Following intrusion, the rock suffered intense
alteration during which the original olivine and other primary minersls werc cone
verted largely to serpentine,
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The small size of the contact sureole is indicative of the low temperature
of the intrusion, The thermal metamorphimm of the country rock in the sureole
has resulted in the development of guartzites and chlorite-serdcilie hornfelses
indicative of the lower grades of thermal motamorphism. Tendencies toward pro-
ferred orientation of the minerals in the metasediments is generally parallel to
the traces of former beddmg. This may be partly due to the infiuence of load
Suring thermel metamorphism, The influence of tectonic forces is thowght to be
practically nil, ‘

Iater hydrothermal activiiy is thought %o be responsible for the formation
of cherts in tertald pertions of the contact sureole, as mll 2g the formation
of quartz-calcite veifis and quarte-hydroxyl spatite veins, The later hydrothermal
activity 18 not thought to be responsible for the silicified mature of the coumtry

rock, It is,more likely dus to recrystalllzation during thermsl metemorphism,
Nonetheless, hydrotheranl quarts devived from a peridotite magma is recognized
as ancmalous,
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Addenda

feport on Silver Uity Peridotite

m
‘he section cut by Prof. Kinney and described as typical of cerbain
veinlets cutiting the main body of the igneous rock was found tc contein the

following minerals in Fhe percentages listed:

Hineral [ Percentage
(uartz 37
Calcite 23
Phlogonite ' 15
Clay material and limonite 11 J
Pyrite 9
Magnetite h
Apatite 1
Penninite trace
100%

Remnant inclusions as well as mineral boundaries indicate that the phlo-
gopite wes nresent prior to the development of the quaritz and calcite which replace
it. The magnetite appears to heve formed vrior to the quartz, but its relation with
the phlogoofte seems indeterminabe. The pyrite and the quartwm are probably syngenetic,
both of them having developed prior to the calcite.

It seems probable that the magnetite ﬂﬁ, clay minerals and limonite (except
" that derived from the alteration of pyrite) were developed through the silicificaliion

of the original peridotite. The penninite, also, probably falls in this same category.



READINGS ON SILVER CITY

mrenhofel (1917) The Silver City quartzites, etc.:
Did not believe the metzmorphics to be related to intrusion.
i -
Trenhofel (1928) The metamorphic rocks of VWoodson County, Kansas:

Debated presence of an intrusion.

.

-3
. . : . . - i - -
Foore (1920) An outcrop of basic igneous rock in Kansas: 1De o v us e

Rock described as a kimberlite or porphyritic peridotite. Brucite and
chromite described in the thin sections. Chromite present as blobs vith
brovn trensluscent borders.

lHcroscopic Chayacter:

4/Groundmass. Primery minerals: Chromite, black and opaque, in ir-
rogular srains, usually showing a limonitic stain about the borders, and in
a number of cases surrounded by kaolin stained reddish brown by the weathering
of the chromite, 5 %010 per cent of groundmass. No biotite was recognized
in the sections,.

/Seccondary minerals. The groundmass is chiefly composed of serpentine
and calcite. The serpentine is in pale greenish-yellow masses and stringers,
and ?ho calcite in irregular %rains. These two secondary minerals break up
the outline of the original minerals and produce a heterogeneous mass which
is very difficult +to identify. The striking featurcs of the groundmass are
the phenocrysts and the inclusions.

/} Phenocrysts. (a) Some of the phenocrysts show fairly sharp angylar
outlines which are recognizable as original pyroxene crystals now changed to
nale vellowish green serpentine, green chlorite and calcite; (b) some are

{
rounded grains, which show irregular cracks and coloration varying from pale
vellowish-green to darker green, these are regarded as alitered olivine cryst-
als; (c¢) a consideraﬁle portion of the apparent phenocrysts vary from irreg-
u  ularly angular to rBundcd forms, are of extremely variable sizes, generally

larger than (a) and (b), and show zonal bands about the maxgirs. In plane

polarized,light the colors are pale yellowish-green with a border zone of




Readipgs, contid 2

darker tone which is distinctly granulaf. Under crossed nicdds these messes
are seen to be composcd of an aggregate of very fine grains,‘chiefly quartz
and kaolin and some feldspar. These pseudophenocrysts therefore are regarced
as inclusions of shale in a more or less altered condition.

..ffstudied by Mr. ¥, Harcld Tomlinson, of Swarthmore, Pa.: 'Semples
2 and 3 are metamorphosed basic igneous rocks, ppobably dikes.:Section of ¢
Samnle 2 shows serventine and calcite to be the pr?ncipal minerals, apatite
and a black (brown by tansmitted light when very thin), metollic mineral of
+the isomcpric system, probably chromite, arec accessory. The rock is thickly
porphyritic, The phenocrysts which form sbout half# the rock are rounded and
consist of sernenbine and calcite replacing olivine. A fev have the form of
avgite, but as the angles have been rounded in alteration it is irmcossible to
sey what provortion. The apatite occurs rather thickly in smell rounded
crvstal grains., There is a 1little chlorite with the serpentine. Sample 3 is
2 very similar rock, but does not have thc apatite. Some of the phenocrysts
in this sample are altered biotite, some probzbly augite, but the great majoriti]
altered olivine. There is relatively more calcite and less serventime. Brucite
was found with the serpentine in an altered phenocryst of olivine. Metamor-
phism by carbonation enchydrztion is exireme in both samples. I would clas-
sify 2 and3 as kimberlite or porphyritic peridotite.?

/ﬁk will be noted that Mr. Tomlinson makes no mention of the type

(¢) psuedo phenocrvsts or shale inclusions, Tt is possihle that his samples
may not have contained them, though this seems unlikely in view of their

¢

widespread occurrence throvgh the igneous rock in all parts.



presently in any particular segment of such an
imbricate complex; that it must be free of subse-
quent deformation; and that a specific rock of
advanced tectonic transport must be exposed as
roots at any given level of erosional truncation of
the complex. Regarding the involvemeént of pre-
Cambrian rocks, and in addition to the foregoing,
can it be categorically denied that the structures
jnvolving pre-Cambrian rocks in the Arbuckle
Mountains, for example, do not relate directly to
Ouachita tectonics? ’

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

—
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casion to credit Bretz (1965) for his recognition
of the geomorphic anomalies involving the “ . . .
curious . . . survival of Precambrian [St. Fran-
cois] mountains [which] have remajned 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 as
topographic eminences through much of subse-
quent time; yet their partially exhumed valleys

- e

=Fn e

elsewhere of the thrust plate,

The comment on the St. Francois felsite-gran-
ite-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 the St. Francois
thrust interpretation, for such is not called for
by the preceding discussion. It is merely to point
out that none of the discussion disqualifies or
weakens that interpretation. The St. Francois
thrust will be demonstrated .or disproved in the
St. Francois Mountains of Missouri and neigh-
boring areas. If the interpretation should. prevail,
the Quachita 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-

carry no record of peneplanations 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 glaring drain-
age incongruities, which Bretz has ingeniously at-
tempted to explain (but with somewhat less than
complete self-assurance), actually should be an-
ticipated if one were to envisage that the princi-
pal streams may have been let down through a
wasting plate of resistant pre-Cambrian rocks—a
conditiol requiring continuously varied adjust-
ment of tributaries to the ever-changing terrane.
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OzARK PRECAMBRIAN-PALEOZOIC RELATIONS: DISCUSSION OF

IgNEoUs Rocks EXposeD N FASTERN KANSAs*

PAUL C. FRANKS®
Lawrence, Kansas

INTRODUCTION
In a provocative article on “Ozark Pre-Cam-
brian-Paleozoic Relations,” that was published in
‘Release for publication authorized by the di-
rector of the State Geological Survey of Kansas.
Manuscript received, December 2, 1965.

’State Geological Survey of Kansas, The Uni-
versity of Kansas, .

the October, 1965, issue of this Bulletin, Harry
E. Wheeler proposes (p. 1655-1657) that the ig-
neous and contact-metamorphic rocks exposed in
Kansas may be klippen derived from his so-called
St. Francois thrust. Field and petrographic evi-
dence, much of it already published, negates
Wheeler’s thesis.
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regions show considerable variation in mineralogy.
Serpentinization of olivine seems to be nearly
complete in most alkaline ultramafics. Phlogopite
or biotite, together with diopsidic augite, alkali or
other types of amphibole, and calcite or dolomite
are common components. Relatively exotic min-
erals (as melilite, perovskite, chromite, and py-
rope) are common accessories in some alkaline
ultramafics; locally, pectolite, magnetite, ilmenite,
diamond, and other minerals may be important
accessories. The rocks range from alndite through

[
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kimberlite to mica peridotite (cf. Kidwell, 104
oot o2 Martens, 1924; Singewald and Milton, 1930; Tay,
“""‘“"&hﬂ%"“w ' and Keller, 1933), but most contain apprecialj,
mLer ca K,0 or Na,O (for example, as much as 6 per cep:
) K,0 and 1.5 per cent Na,O in mica peridotite a
osow ca Rose and Silver City domes in Kansas).
SLVER CiTY DOME ﬂf‘%ﬁ: Brock and Heyl (1961) have summarized dats
-7 on the widespread occurrence of alkaline ultra.
mafic rocks in the cratonic interior of the Unites
Fic. 1.—Outline map of Kansas showing locations of States. More recently, Davidson (1964) ha
exposures of igneous rocks, noted the cratonic association of alkaline ultr.
_ mafics in Russia, and Bailey (1964) has stressed
ALKALINE ULTRAMAFIC ROCKS NOT the same relationship in Africa. Thus it seems
' : EVIDENCE OF THRUSTING that tl.ne mica peridotite that has 1r}trude(‘i Rosc:
I Harry E. Wheeler (p. 1656, 1638, 1659) stresses ,an.d Silver City domes, al-ld th? kimberlites o
- VYRS - 299Y, : Riley County, Kansas, are in their proper craton-
% that the alkaline ultramafic rocks of Kans:a.s " ic association. Hence, there is no need to postu-
i (Fig. 1) are not part of a normal cratonic assock- 140 5 major overthrust involving displacements
I‘ at‘lon. Concerning the peridotite intrusions of of the order of 330 miles (Wheeler, 1965, p. 1662)
I Riley County, Kansas, he states (p. 1656) “. .. 3 2 count for the emplacement of alkaline ultra-
3 that they may represent parts of a body whose mafic rock in eastern Kansas.
., more appropriate original emplacement was geo- '
I synclinal rather than cratonic.” However, it is ROSE DOME
3, important to note that peridotites can be divided Granitoid igneous rock is found at the surface
s conveniently into three classes: (1) those whose . poce dome partly as rounded blocks scattered
y - association is geosynclinal, (2) those associated in the SE. 4, sec. 13, T. 26 S., R. 15 E., Woodson
' with stratified mafic plutons, and (3) those  (County, Kansas, and in nearby parts of adjacent
‘ whose association is cratonic (¢f. Turner and sections. Wheeler (p. 1655-1656) has cited this
i Verhoogen, 1951, p. 225, 239; Davidson, 1964; enigmatic occurrerice of “granite”® as supporting
Bailey, 1964). Peridotites of geosynclinal and  oy;qence for his proposed St. Francois thrust.
plutonic associations differ markedly in chemistry By use of quotation marks in referring to Rose
and mineralogy from those of cratonic associa- 4 (Wheeler, p. 1648, Fig. 1; p. 1635, 1636)
tion. The geosynclinal and plutonic peridotites and by direct statemex,lt (p. 1655), Wheeler
& are c.m'nposefl largely f’f OliVinf” e:nstatite, and  geoms to imply that Rose dome is not a structur-
: diopsidic al:lgxte. Chrom.lt.e' and picotite c?mmonly al dome, but rather a topographic high; hence,
?.rf: the main ac.cessory mmerals..AI‘te.ratlon of ol- part of a klippe. The “granite” actually is found
- ivine to.serpentine ranges. from incipient- {0 COM=— o il ypex 51 a breached ™ domal ~struictare. -
|} pletfe in pendot}tes of orogenic regions. Concen- gy, tvral contour maps, using the base of the
§ trations of alkalies are low. . Plattsburg Limestone (Pennsylvanian) and the
% In contrast, the alkaline ultramafics of cratonic 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. 1656) also uses a quotation from

Twenhofel (1926, p. 403) to support the ide2

®The term “granite” is used in quotation marks
here to emphasize that the rock on Rose dome
differs from most granite in that it shows amazins
textural heterogeneity and because much of the
contained feldspar has optical and X-ray charat
teristics indicative of high-temperature or volcani
feldspar (Franks, 1965). Except for these peculiar-
ities, the rock might be described as a leucogranite-

. e Wt W
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DISCUSSION

that the “granite” on Rose dome is allochtho-
nous; hence, part of a Kklippe. Actually, the quo-
tation from Twenhofel seems to have been taken
out of context, for it comes from the introduc-
tion of the paper in which Twenhofel, after re-
ferring to his earlier considerations (1917, 1919),
finally concluded that the “granite” on Rose
dome had been intruded into the associated Penn-
sylvanian sedimentary rocks. Because Wheeler’s
statement that “. . . Twenhofel found it difficult
__to envisage an intrusive relationship. . . .” follows
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on Rose dome, I have not. Be that as it may, 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 the 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 hornfels,
composed largely of sanidine, included in and ad-
hering to the faces of a boulder of Rose “gran-

the quotation, Wheeler i
did not believe in 1926 that the “granite” had in-
truded the sedimentary section.

In his 1926 paper, however, Twenhofel actually
described a contact that he found between the
ugranite” and metamorphosed Pennsylvanian
Veston 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
» is in direct contact with metamor-

“granite
phosed shale in the sample. 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 intru-
sive in the Pennsylvanian and lower strata.”

1n the same article (p.411) he stated:

« it is concluded that the granite blocks which
are strewn over the surface of the Rose dome are
the surface exposures of 2 granite mass that was
intruded into the Pennsylvanian and lower stra-

la.”

Wheeler (p. 1636) also credits me with a per-
<onal communication to Merriam (1963, p. 152)
whereby I relayed information to Merriam on the
Rb/Sr age determination of 1,220 million years
calculated for Rose “granite” by the U. S. Geo-
logical Survey. Actually, E. G. Lidiak passed that
information on to Merriam, and Wheeler’s refer-
ence should be to the footnote on page 154 of
.‘-.icrriam’s report. To add to the confusion, Mer-
tiam (1963, p. 152-154) did attribute a personal
communication to me. That communication could
be taken to mean that I have doubted the pres-
ence of contact-metamorphic country rock on
Rose dome. Although-others may have doubted
the occurrence of metamorphosed country rock

mplies~that-fTwenhoiel_.._.ite,” 2¢ evidence of the intrusive chardcter of the

£

“granite”—not as evidence ¢ . . that the granitic

and associated igneous and metamorphic rocks at
Rose dome were intruded into the Pennsylvanian
strata . . .” [italics mine], as stated by Wheeler
(1965, p. 1656). In many ways the information
cited by Franks does not differ appreciably from
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-
cal Survey of Kansas on Rose dome, not “de-
spite” that drilling (Wheeler, 1965, p. 1656), that
1 continued to think that the “granite” showed
intrusive relations with the enclosing Pennsylva-
nian section.

For purposes of 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
metamorphic rocks on Rose dome: )

“Kansas Geological Survey put down five shal-
low drill holes in the vicinity of the ‘granite’
boulders near the apex of Rose dome in August
and September of 1964. All five holes were bot-
tomed in unmetamorphosed or mildly metamor-
phosed Pennsylvanian country rock. Two holes
were collared in metamorphosed shale, pierced
‘granite, and penetrated subjacent‘ Pennsylva-
nian shale. One hole was collared 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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Geological Survey of Kansas was only 90.1 feet fo recognize that it was weathered mica perig, . e b2
deep, and inasmuch as both the metamorphosed  tite. Rather, he described the weathered peric., wed 1

= country rock and the ultramafic rocks are very tite as “perhaps altered shale.” He also ngy ¢ the
' fine-grained almost without exception, the term “seams of dark blue (or purplish) stone of gre, xanial
“crystalline complex” employed by Wheeler hardness” transecting the micaceous soil g,  atite

(1965, p. 1656) may be misleading. ranging in thickness from 1 to 12 inches. Hei ¢ Citing

Inasmuch as dikes or sills of alkaline ultra- terpreted the dark blue rock to be igneous fLoxt M

. mafic rock similar to that which is found at Sil- probably is a derivative of the mica peridoti §oes
ver City dome have been penetrated in the sub- ~magma that locally is found as seams or dikes g LSt

surface of Rose dome (cf. Twenhofel and Brem-  the main body of the peridotite. £ wnorph

er, 1928; Knight and Landes, 1932, p. 6-8) at Twenhofel and Edwards (1921) re-examin= §1~.m§'. :

' various depths (the greatest of which is 1,675 the area, but found no sign of igneous rock as« ¥ e imy

feet below the land surface), and because of the ciated with the metamorphosed sediments, N ~83)
intrusive characteristics displayed by both the did Knight and Landes (1932) report the occw: - ated €
“granite” and the alkaline ultramafic rocks of rence of mica peridotite at the surface of Sil- ¢« fargel
Rose dome, it seems unwarranted to call upon City dome. Although Weidman (1933) thourx - ~sfic b

D

large-scale thrusting to account for the emplace- that he had found samples of igneous rock on vne.
ment of the igneous rocks found near the apex of  surface of the dome, the first published descriz : ~k pr
Rose dome. - tion of the mica peridotite itself seems to be th: 3 <F ¢!
by Wagner (1954). Subsequently, Franks (195 % 2 sigt
' SILVER CITY DOME published a generalized petrographic. descriptic- a 3“3";1‘3
wat the

The Hills Pond Peridotite (Wagner, 1954), a  of the rock and made note of some variations iz

I .
i mica peridotite, is exposed in the N. 14, sec. 32, its mineralogic composition. <tlon.
i and NW. %4, sec. 33, T. 26 S., R. 15 E,, on the By study of surface exposures, records, an’ i < IC

north flank of Silver City dome. Wheeler (1965, cores from 22 diamond-drill holes (cf. Wheel 1959).

p. 1656, 1659), in a series of statements similar 1965, p. 1659, end of section on Diagnostic Crite- &3 -an

to those referring to Rose dome, seems to con- rional Associations), and of samples and recorét i ¥ T

clude that the ultramafic igneous rock, which is  of neatby oil and gas tests, Wagner (1954) foun “fks-
intrusive into Silver City dome, and the associ- that sills of mica peridotite finger from a dike Thus
ated contact-metamorphic rocks not only are al- like feeder southward into Pennsylvanian lime i e alk
lochthonous, but also are in their present geologic ~stone and shale. Moreover, Wagner indicated sl § Sosed
and topographic position as a result of large-scale  of peridotite that are as much as 1,000 feetv § " &
thrusting. more below the land surface on Silver City doms § “0S43
Again, by use of quotation marks, Wheeler (p. Subsequent logging by Franks of seven addition® ) larg,
1648, Fig. 1; p. 1655, 1656) seems to imply that  rofary and core-holes drilled by private interes” "-“Pf_‘i
} Silver City dome is only a topographic high. The testing the ultramafic rock for phlogopite ar g "*® I
geologic map published by Wagner (1954) and vermiculite does little to modify Wagner's et £ *7 Gi
the structural contour maps published by Ham- section. E lnpi‘“
anver:

bleton and Merriam (1955, Pl. 2) show the falli- Contact-metamorphic effects at Silver Citv
bility of that implication. dome are extensive and varied. Contact-metamo’ .
A Although metamorphic effects had been recog- phic rocks form an aureole as wide as 1,000 fer Ak
nized in the Pennsylvanian sedimentary rocks on  around the surface exposures of the main mass ¢ Ak

it
I
i

K

]
: } ;
—— " \henorth flank of Silver City-dome-in Ni-34; see—-mica—peridotite (Wagner,._1954). The Irelx f‘ P
: 32 and W. %, sec. 33, T. 26'S,, R. 15 E., for Sandstone and Tonganoxie Sandstone Members ¢ “':;";

nearly 50 years (Mudge, 1880), it was not until the Lawrence and Stranger Formations, resp® .

1928 (Twenhofel and Bremer) that it was sug- tively, have been converted from relatively fri2 § the
gested that the metamorphism was caused by in- ble argillaceous rocks to dark green or LC

trusion of mica peridotite into the Pennsylvanian quartzite containing appreciable chlorite and ¥ lt;; |
y strata. Hay (1883, p. 16-17) noted the occur- which traces of original bedding as well as othe” !‘)':('J‘
U rence of yellowish micaceous dirt associated with  sedimentary structures are well preserved. The & :JU_
the metamorphosed sedimentary rocks, but failed various Pennsylvanian shales in the contact 2 tdn

- ;

ey
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-ole have been converted to dense hornfels com-
,-‘::std largely of feldspar, mica, and amphibole
wur the main mass of peridotite. Locally, Penn-
.hanian limestone is transected by veinlets of
-atite (Wagner, 1054).

Citing Hay (1883, p. 17) on the causes of con-
.t metamorphism  at Silver City, Wheeler
@5, P 1656) attempts to discredit Twenhofel’s
wazcestion (1926, p. 406-407, 410) that the me-

.orphism Wwas produced by intrusion from
_¢fow. Moreover, Wheeler (p. 1656) exaggerates
. importance of brecciation noted by Hay

1283) and Wagner (1954), among others. Brec-
wsted country rock (mainly brecciated hornfels)
» largely restricted to the vicinity of the ultra-
=afic body exposed at the surface of Silver City
sme. Moreover, areas of brecciated country
sk probably do not amount to more than a few
v cent of the total area of country rock show-
=z signs of contact. metamorphism. Wheeler’s
aztement (p. 1656) also can be taken to mean
1kat the mica peridotite shows considerable brec-
sation. Brecciation of the mica peridotite has not
txen reported by Wagner (1954) or by Franks
11959). T have examined more than 40 core sam-
ples and thin sections of the peridotite and have
wen no sign of brecciation of the ultramafic
tocks,

Thus, Wheeler (p. 1656) attempts to portray
the alkaline ultramafic rock and contact-metamor-
shosed country rock as being something other
than an % . . altogether cryptic feature on the
Kansas prairie” and to attribute their occurrence
10 large-scale thrusting. The conclusion seems in-
sicapable that the alkaline mica peridotite has
been intruded into the sedimentary section on Sil-
str City dome and is responsible for conversion
of Pennsylvanian sandstone to quartzite and for
waversion of Pennsylvanian shale to hornfels.

ULTRAMAFIC ROCKS IN RILEY COUNTY

Alkaline ultramafic rock now seen as serpentin-
%al peridotite containing numerous xenoliths of
virious types and showing signs of partial brec-
sistion is exposed at five localities near the crest
=l the Abilene arch in the Permian terrane of

one of them (Bala intrusive). Cook (1955) re-

ported on magnetometer studies of the remaining |

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 lithology and mineralo-
gy. Thin-section examinations by myself and data
published by Byrne, Parish, and Crumpton
(1956) -and Bagrowski (1941) indicate that these
two bodies are kimberlite containing numerous
xenoliths of chloritized, serpentinized, and other-
wise altered limestone and shale. They also con-
tain phenocrysts of ilmenite, some of which has a
peculiar glassy luster, phenocrysts of chloritized
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
presence of phenocrysts of olivine and pyroxene.
The rock also holds numerous veinlets 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 3.,
R. 5 E., also show signs of brecciation and con-
tain numerous fragments of altered limestone and
shale. The writer also has seen a well-preserved
crinoid columnal entrapped in the serpentine ma-
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 g-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 sec. 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
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#iley County, Kansas (Fig. 1). The rocks have
boen described briefly by Moore and Haynes
i1920) and Byrne, Parish, and Crumpton
{1930). Dreyer (1947) has published the results
af drilling and magnetometer investigations of

.
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sedimentary rock. Although the degree of breccia-
tion, abundance of inclusions, and diversity. of
mineralogy are much less in the Bala.and Ran-
dolph bodies than in the Stockdale-and Leonard-
ville serpentinites, they, too, can be classed as
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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 “prima facie” 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-
cois thrust. The 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.

Wheeler (p. 1656) suggests that the xenoliths
entrapped in the serpentinites most likely are tec-
tonic breccia, inasmuch as the literature available
to him 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 in 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 (Wheeler, p. 1656) that the
serpentinites or’ kimberlites did not pass through
the entire Paleozoic section of the region loses
strength.

. Although Wheeler (p. 1659) stresses the im-
portance of drill-hole information from the var-
ious intrusives in Kansas, 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) might have been in 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 drill
holes penetrated about 148 feet of serpentinite
without penetrating sedimentary rock, and it is
difficult to visualize exactly how caving from

e miin-

above might have completely masked penetration
of Permian country rock. Dreyer’s cross section
indicates, even allowing for its vertical exaggera-
tion of 10X, 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

DISCUSSION

from below. As noted by Clark and Fyfe (19
emplacement of ultramafic rocks commonly
not induce appreciable metamorphism of coy
rock. The description by Parham (1963) of
tact-metamorphic effects produced by intrusjy
peridotite dikes in the Absher area of Iljj
demonstrates how mild they can be. Moren
contacs of the igneous rocks of Riley Co
with their Permian host rocks are masked a de[’f
completely by surficial deposits. Cook (IQSDMQI
484) reported that the contact of the Rando‘; «
No. 1 serpentinite was exposed by t‘,x'enchin%*Pem'l
two locations, that the exposed contacts appard;j,-;
ly were vertical, and that the Permian cou surv
rock dipped away from the igneous materia tv.
angles as great as 45°. Moreover, the cou i;l[,] \
rock exposed by the trenching does show sign Rand
mild thermal alteration as well as fractures filos .
by veins of calcite adjacent to the intrusive. Perr
G. Brookins (Kans. State Univ.) reports (donta
communication, 1965) that he also exposed. .. .
country rock-intrusive contact at the Stock<im'e(
body and that the Permian sedimentary ro ial
show signs of mild contact metamorphism.‘[ed}

Although Cook (1955, p. 485) concluded fr
his magnetic surveys that the main mass of N
Randolph No. 2 serpentinite may not extend s ar
great depth, he noted that *. . . magnetic data ex
not preclude the possibility that a small igneo‘er“{‘
feeder may extend to great depth.” Thus, f ards
bulk of the evidence from the igneous rocks he
Riley County verifies their intrusive origin 4
precludes their emplacement by large-scale thru{’
ing that had its root in the Ouachita geosynci
(cf. Wheeler, p. 1662).
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The widespread occurrence of alkaline ult the
mafic rocks in the cratonic interior of the Unit|
States and in other parts of the world indica
that large-scale thrusting is unnecessary_to .

SUMMARY

count for emplacement of alkaline ultram: !
rocks at Rose and Silver City domes, Wood: d
County, Kansas, and near the crest of the A
lene arch in Riley County, Kansas.

The sill-like form of ultramafic rock intercald
ed with Pennsylvanian country rock on Rose 21
Silver City domes and the presence of horni:
and other contact-metamorphosed country i3
demonstrate that the mica peridotite has intru:

the Pennsylvanian section. Although the Precs? 'EV‘!
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hrian age calculated for the “granite” found on
Rose dome introduces problems in accounting for
the intrusive relationships shown by the “gran-
ite,” the information given by Twenhofel (1926),
(orether with the contact effects and inclusions
n(;ted by Franks (1965), and the intercalation of
the “granite” with, or penetration of the “gran-
ac¢” into, Pennsylvanian ‘Weston Shale on Rose
Jome determined from holes drilled by the State
eolozical Survey of Kansas, indicate that part
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Bailey, D. K., 1964, Crustal warping—a possible tec-
tonic control of alkaline magmatism: Jour. Geo-
phys. Research, v. 69, p. 1103-1111.

Bridge, T. E., 1953, The petrology and petrography of
the igneous rocks of Riley County, Kansas: unpub.
M.S. thesis, Kans, State Univ.

Brock, M. R,, and A. V. Hey), Jr,, 1961, Post-Cam~
brian igneous rocks of the central craton, western
Appalachian Mountains, and Gulf coastal plain of
the United States: U. S. Geol. Survey Prof. Paper

424-D, p. D33-D35.
By"?n'e‘;’%“gﬁz" ==X L. Parish, and C. F. Crumpton,
1956, Igneous intrusions in Riley County, Kansas:

Am. Assoc. Petroleum Geologists Bull,, v. 40, p.
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of the “granite” also has intrusive relationships
with Pennsylvanian country rock.
Similarly, drill-hole information and magnetom-
eter surveys of the Bala kimberlite in Riley
County, Kansas, indicate that it has intruded
Permian country rock. Magnetometer surveys of
the Randolph, Leonardville, and Stockdale kim-
berlites also indicate an intrusive relationship
with Permian country rock. Moreover, exposure
of contacts between kimberlite and Permian
rountry 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
afiected by mild contact metamorphism compati-
ble with the low-temperature emplacement com-
monly noted for kimberlite. Similar contact
eifects are reported for the Stockdale kimberlite.
Poor exposures prevent direct observation of
Limberlite-country rock contacts at the Bala,
Leonardville, and Randolph No. 1 kimberlites,
tut 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
Stockdale kimberlite, and ‘the reaction rims and-
ather 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
wurface in Riley County, but also that whatever
fuids were present within the kimberlite mush
when it was emplaced reacted with the xenoliths.
Field and petrographic evidence, therefore,
demonstrates that the igneous rocks in eastern
Kansas were intruded into the Paleozoic sequence
and that these rocks are not evidence supporting
txistence of the so-called St. Francois thrust pro-
posed by Wheeler (1965).
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RepLY TO PAUL C. FrANKS?

HARRY E.

Despite his discourse on ultramafic rocks,
Franks’ cited references either fail to demon-
strate or do not support his contention that alka-
line ultramafics are typically cratonic. Regarding
the Turner and Verhoogen reference, in térms 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 both anoma-
lous and admittedly highly speculative. Finally,
contrary to Franks, the Brock and Heyl reference
does not summarize the data on ultramafics 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
among those demonstrating the intrusive charac-

WHEELER

sediments. However, he indicates neithe;
character nor their significance with regard
possible involvement of sub-Permian Pa
strata.

Although the northeastern Kansas bre
ultrabasic rocks were cited in the Ozark pa
incongruous, it was clearly stated that add
critical data are needed before their inte
tion can be established beyond doubt. Fran
view of the literature and his statement
judgment do not fill that need, and the san
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 ¢an invoke
plausibly demonstrate) some phenomenon
unknown to geology, the Rose dome pre
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 met
phism” of the Pennsylvanian is not plausi
terms of the overwhelming evidence of th
ometry.

The fact that the strata may be slightly «
in the areas of such klippen is not surprisin

ter-of the northeastern-Kansas—ultrabasic tocks:— cause-differential-solution—of -the-carbonat

whereas Cook’s own evaluation of these 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, December 25, 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 appe
comprise one of the many klippen in the
region as a whole. In view of its proximit
certain similarities, the Silver City dome
likely candidate for that same interpretati
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PECTOLITE IN MICA PERIDOTITE, WOODSON COUNTY, KANSAS*

State Geological Survey, University of Kansas, Lawrence, Kansas

Pectolite has been identified by optical and x-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. Pectolite has been recognized as
a secondary mineTal in cavities and seams in mafic eruptive rocks as at
Weehawken and Patterson, New Jerséy, and as a minor component in
syenitic rocks as at Hot Springs, Arkansas and in the Kola Peninsula,
U.S.S.R. (Dana and Ford, 1932, p. 567). Some pectolite has been found

* Publication authorized by Director, State Geological Survey, University of Kansas
Lawrence, Kansas.
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where serpentinized ultramafic rocks have been intruded by younger,
less mafic rocks (Bloxam, 1954, p. 527; Parsons, 1924, p- 55-57). Further,
pectolite has been reported in South African kimberlite (Mountain,
1931, p. 70~74) as encrustation on less mafic foreign inclusions, on slicken.
side surfaces bounding the kimberlite pipes, and locally as isolated
spheres and tufts in the kimberlite.

The Hills Pond peridotite has been mapped by Wagner (1954), 1t

both the outcrop and diamond-drill core show that, in most Dlaces, the
rock is a serpentinized mica peridotite containing about 25 Der cent
phlogopite and less than 10 per cent each Qf_Qliving_::_emnants, diopsidic
augite, and pleochroic, light-red-brown amphibole as phenocrysts in the
serpentine groundmass. Minor constituents include apatite, magnetite,
and perovskite. Locally in the subsurface, the rock has a groundmass
that is composed almost completely of fine-grained phlogopite and con-
tains phenocrysts of the major constituents given above. At the surface,

and the phlogopite has weathered to a mixed-layer vermiculite mineral.
The pectolite was found in a thin-section of peridotite core samples

the serpentine groundmass has weathered in large part to nontronite ( Py

from a sill that is at least 30 feet thick and whose top is at a-depth of 765
feet. The upper 10 feet of the sill, which intrudes dark-gray Galesburg
shale (Pennsylvanian), contains pectolite as a major component of the
groundmass. Directly below the pectolitic rock, the sill holds pheno-
crysts of amphibole, augite, and olivine in a groundmass composed
mainly of very fine grained phlogopite. The groundmass of the sill
gradually becomes serpentinitic with depth.

The rock containing the pectolite is light gray and speckled with light-

grains measuring less than 0.03 mm. in diameter are scattered through
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TaBLE 1. d-VALUES IN ANGSTROMS OF X-RAY REFLECTIONS FROM PECTOLITE SaMmpies
FROM HILLs Ponp PERIDOTITE, SECTION 32, T. 26 S., R. 15 E., Woopsox Couxry,

K ANsaS, AND FROM PATIERSON, NEW JERSEY. DATA OBTAINED UsiNg
GENERAL Errcrric DEBYE-SCHERER CAMERA (14.32 oM. DIAMETER)
AND CuKae RADIATION

Relative

Relative Relative
dA intensity dA intensity dA intensity
estimated - estimated estimated

7.82 ~<1-1 1.94 <11 1.35 <i-1
7.02 <1-1 1.92 <1-1 1.29 <1-1
5.50 1 1.88 1 1.28 <1
3.90 3 1.83 1 1.24 <1-1
3.50 2 1.77 <1-1 1.166 <1-1
3.31 5 1.75 3 1.133 <1-1
3.28 2 1.71 3 1.101 <1-1
3.08 6* 1.67 <1-1 1.089 <11
2.92 10 1.66 1 1.080 <1
2.74 3 1.60 1 1.062 <1
2.59 3 1.56 <i-1 1.040 <1
2.43 1 1.55 2 0.995 <1-1
2.33 1 . 1.52 <i-1 0.921 <1
2.31 L | 1.49 . 1 0.884 <1
2.17 3** 1.47 2 0.866 <1
2.09 <1-1 1.39 <i-1 0.852 <1
2.00 1 1.37 1

* 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-
morillonite confirmed by x-ray diffraction), which occurs as green patches
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 birefringence; it contains a montmorillonite mineral (confirmed by
z-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 major
component of the groundmass. It occurs as sheaflike and radial aggre-
gates of fibers and blades that locally penetrate into the phlogopite
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Fi6. 1. Photomicrographs of pectolite-bearing rock, section 32, T. 26 S., R. 15 E.,

Woodson County, Kansas. A, plane-polarized light; B, crossed nicols. D, dolomite (?)
clouded by leucoxene; P, pectolite; Ph, phlogopite.
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F1e. 2. X-ray powder films of pectolite. A, sample from section 32, T. 26 S., R. 15 E,,
Woodson County, Kansas; B, sample from Patterson, New Jersey.
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books along cleavage traces and that grade into the turbid argillic part
of the groundmass (Fig. 1). The blades and fibers range in length from
nearly submicroscopic sizes to as much as.2 mm. Maximum width of the
blades is about 0.1 mm. The blades and fibers have positive elongation,
imperfect nearly parallel extinction, and strong birefringence (about
0.04), and are optically positive with moderate 2V. Locally they show
cleavage that is both nearly parallel to and nearly normal to the length

of the fibers. Ny is about 1.60, N, about 1.64..

Comparison of x-ray powder films (Fig. 2) of pectolite from the peri-
dotite with films of pectolite from Patterson, New Jersey, confirmed
optical identification. d- values and intensities of the x-ray reflections
(Table 1) for both the pectolite from the Hills Pond peridotite and the
New Jersey sample proved identical.

Thanks are due Mr. Cecil T. Welch of Toronto, Kansas, who gave the
writer permission to-log drill core taken under Mr. Welch’s supervision
and to collect samples from the core.

-
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A PENETRATION-TWIN IN OLIVINE

’

R. N. BROTHERS
Department of Geology, U niversity of Auckland, New Zealand.

A porphyritic alkali basalt (A.U. thin-section 3560) from Khyber
Pass, Auckland, contains numerous euhedra of olivine setina finely felted
groundmass of plagioclase, Pyroxene, magnetite and glass. The olivine
phenocrysts range in size up to 0.9 by 0.5 mm. and vary in composition
from Fos; to Fogo. Their habit is fairly constant, the commonest combi-
nation of forms being {010} 4 { 110} & {120}, together with {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).
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GEOLOGIC HISTRY AND STRUCTURE
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The area under discussion lies in Sections 29, 30, 31, and 32, Township 268,,
Range 15E., Woodson County, Kensas and consists of low dome shaped plain, surrounded
by a halo of low hills, Drainage is to the southwest by Little Sandy Creek. Ele-
vation averages 990 feet sbove mean sea level. Farming and cattle raising are the
principal indusiry.

'
e

The formations exposed here are Middle Pennsylvanian, the Lansing Lime group, s
and the lower part of Douglas group, consisting of mostly heavy bedded lime stone -
and argalafiious shales, and an intrusion of periodite, a type of granite rock that ?'
penetrated upward thru all the sedimentary rocks from the erysialline basement s
& This intrusion spread outward to the south of the main dyke as lacoliths or sills
® and forced it's way thru the sedimentary roeks causing an upwarp in the Pennsylvan-
ian rock to form a 200 feet closed dome. There is no evidence that this warp carr-
ies to the Missigsippian of lower beds.

W -

In the vicinity of the imtrusion, all the sedimentary rocks are either highly
meta-morphosed sandstone into guartzite, some shales into slates, and limestones
into a solid bed of limestone from which all bedding planes are obliterated. Coal
has been changed from Bitumincus to antricite and beds so altered they can hardly

. be identified as to their originel stratification. This type of intrusion is vare,
R according to the United States Geological Survey, and is possibly the only one in
North American continent that is now known.

THE ORE BODIZS

There are six definite ore bodies or lacoliths in Section 29, 31, and 32, crig-
inationg from the common source of the dyke, which is in evidence on south side of
Seetion 29 and Secetion 32 where it is exposed on the surface and lacoliths have
been encountered by deepsr drilling in the south half of Section 32 ab location
Hill #1, where ore was encountered at 8l.2-108.3 or 27.3 feet in thickness, at
295-325 or 30 feet thick, at 490-525 or 35 feet thick, at 690-760, 70 fset of ore,
ard 770-800£, 30 feet of ore, and still in ore. At the north side of Section 32
and south side of Section 29 there is the sixth lacolith is present that shows a
thickness of 67 feet and an average thickness of 70 fect. These logs conform to
Hollis Wagner of the United States Geological Survey Fredonia Quadrangle sheet
where he shows the locoliths on cross seetion of his report. Study map of Fredonia
Loy -aradrangle attached. -7
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TYPE OF (RIS

There are two types of ores in this deposit. TFirst a yellowish~-browvn gran-
ular soft ore that can be spaded and is classed as weathered periodite. Second,
a hard, bluish-black ore, hardness of 4.5 that lies under the weathered ore of
the first lacoliths, and in five other lacoliths.

The chemical content of these ores are practically the same,so they should
be, coming from the same source of supply when deposited by magma waters that were
highly mideralized.

Following are some laboratory rsporise.

Laboratory analysis offive veins of ore in Hill #1., ceater south line, west
half of Section 32. )

# #2 #3 #4 #B

©5-100 301306  515-517 7RG=-760 ¥90-795
Total Megnesium as magnesium 19.E8 19.85 12.383 18,40 26,95
Oxide N 4,00 7.88 375 6.35 3,73
Total Celeium as Caleium
Oxide
Siliea 43,40 40,17 42.85 42.36 29.15

“

Iron and Alumina Oxides 16,50 14.52 17.50 i7.75 15.00
Total Potassium Oxide 1.86 2,71 4,54 4,32 1.53
that i3 not walber soluble.
Water Soluble Fotash 1.44 1.81 2.08 2,77 1.60
Sodium Oxide l.42 085 1.52 .92 0.56

Ignition loss, carbom
dioxide and chemically 11.20 12,60 8.10 5.90 11.20
combined watex

Undetermined oxides of phosphorus,
titania, mangansse, ete. G.30 0.21 0.35 0.26 0.23
Brice Williams Laboratory, Joplin, Missouri.

laboratory analysis, Hill #21, ¢rilled by AL Landon. This well is exactly
ona nile north of above analysis.

Silicon Dioxide 44,33 Magnesium Oxlde 19.88
Alumina 5.45 e Fhosphorus Pentoxide 0.23
Iron Oxide 8.11 Sulfur Trioxide - ‘trace
PTitanium Oxide 2.72 Potggsium Oxide 5.45

Colelum Oxide %.60 Sodium Oxide ’ 0.42
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Diff. Loss on Ignition: Ioss on ignition at:

Air/140°C, 4.95 600-1000°¢. 2.92
140/550°C. 1.56 ;
550/600°C. 0.41 Total 1€0.09
CaCOzs calculated 5.89 .
MgCOz, calculated 0.63
(maximum)

Kansas State Geological Survey, Gep. thmigtry Divison.

Laboratory report on Well #3, one-fourth mile north Hill #1, 80-100 feet

Total PotaBsium as Kg0 3.90% Total Sedium as NagO 0.46%
Water Soluble Potash as Kg0 0.61% Acid Spluble Magnesium as
i Mg0 22,06%

Laboratary report Well #6, one-half mile north, H{Il #1., 23-51

Total Potassium as Kg0 4.70%
Total Sodium as NagO " 0.50%
Acid Soluble Magnesium as MgO 20.28%

Iaboratory analysis close to Hill #21, grab sample of weathered ore by kensas

State geological Survey, Geo. Chemistry Division. ¥
Silicon Dioxide 46,24 Sulfur Trioxide trace
Alumina, 6.83 Potagsium Oxide 3.00

Iron Oxide 8,35 Sodium Oxide 0:33
Titaniom Oxide 3.13 Ioss on ignition at:

Calcium Oxide 2.48 1000°¢. 7.90
Magnesium Oxide 20.91

Phoaphorus Peptoxide 0.29 Total 99.46

On April 1, 1959, a 250 pound sample of weathered ore taken from the exact
gpot of grab sample by the Kansas State Geological Survey was taken by me to Denver
Equipment Company of Denver for a pilot plant test for ore dressing and to deter-
mine the {ype and size of equipment. This is a flow sheet. Ore was dried with
6.67% moisture, a specific gravity of 2.75%, weight per cubic foot, 80 pounds, and
a Ph of 7.6.

The ore mixes readlily with water and a weighed amount was mixed one fto one in
a mixer for twenty minutes and sereened thru a 35 mesh screen and #35 vermiculite
was removed. The slimes were removed by decantation and left to settle. The res-
idue was then run over a Wilfley gravity table and rare earths cut, ore middlings
cut and fine vermiculite cut were made the results ag follows:

Daily Run
% Pounds Per Ton Tons in 100 tnms

Coarse Vermiculite 14% 280 14 Tons
Total Slimes 27.15 543 27.75 Tons
Table Rare Barths «49 9.8 980 Pounds
Non-magnetic rare earths «384 7.68 768 Pounds
Vermiculite table middlings 38.70 4 38.7 Tons .
Table Widdlings 19.66 393.2 19.66 Tomns

~

Re-classifying- Table Middlings and Vemmiculite Table Middling 58.33 from
which by Clue Extractor 22% pure fine vermivulite was extracted makes a totel of
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36% Vermiculite or 720 pounds per tom or 36 ton per 100 ton daily run, With a
6% loss in ignition when exfoliated or 2.16 toms from 36 tons leaves 33,84 tons
of pure exfoliated vermiculite per 100 tons of ors. *

OTHER VALUABLE:MATERTALS

There is a large amount, ten thousand tons or more a rare type of serpentine
rock highly prized by "rock hounds" and lapadterists all over the country. The dark
mottled type will bring in rough sawed blocks $1.50 per pound and the light striped
will bring .75¢ per pound., It will not cost over 25,00 per ton to progcess this.
There is over 160 acres of this lease that has an over~burden of eight feet and
£ifty feet of good hard lime suitable for crushed rock and ofher limestcne products.
When a railroad spur is placed in, it will be valuable for ballast and construction

PUIrPOSOS.
EXTENT OF CRE BODIES

{

In all the core drilling and testing by myself, Alf Landon and others, it
shows in the logs of these wells and from soundings taken by post augors, the wea=
thered ore ldes in two distinet bodies. One approximently 1,000 feet wide and
5,400 feet lonz, lying in a slightly northwesi-southeast axis along the south half
of Section 29 and the north half of Section 32, Township 263 , Range 15 &., with an
average of 40 feet in thickness. This ore in this body lies very near the surface
in faet in some places with only a one foot of over-burden and weishs 80 pounds
per cubic feet in figuring this the figure of 8,448,000 tons of weathered ore is
blocked out. See Figure 1 of the United States Geological Survey of Fredonia Juad-
rangle. I carried out a nore intensive investization and find that this ore body
is a little wider than shown on the United States government map. The second ore
body lies in the west half of Section 32 and two small surface exposurss of this
ore are marked on Figure 1 of the same map, and they cross the center line, north
and south, and are from 0-10 fset in depth under the surface and are about 500 feet
wide and 2,500 feet long and has an average thickness of 20 feet and has a volume
of over one million tons. These can easily bs striped and mined with trucks and
high loaders.,

The dark unweathered periocdite ore lies directly underneath of this weathered
ore and in the upper lens at the north end of the section has a thickness of approxe
imently 20 feet and this lens have a volmme of 6,336,000 tons. This second lens ex-
tends under all of this lease. Uill have an average thickness of 20 feet ard will
have a volume of close to 50,000,000 tons whigh can all be mined by strip mine and -
adlts from the strip pits. See cross section of line B-B in Figure 1 of the map.
Also not on the same figure crogss section that the 300 feet vein is not shown but
has been dsveloped by me in core drilling. Thersg are four, as you will note, of
these lacoliths extending over the area of this lease which will have an average of
50,000,000 per each, These will have to be mined in later years from shafts.

VALUZ OF (R

In the two known products the rare earths concentrate and the vermiculite in
the weathered ore as established by pilot runs by the Denver Equipment Company and
further runs by myself and others. The rare eartts wlll at present market prices
are worth $10.00 per ton of raw ore and the vermiculite-unexfoliated at the present
market price as shown by the E. and MJ mineral and metal markets will have a value
of l%¢ a pound of $10.80 a ton for vermiculite content per ton of ore. By exfol-
iating this can be raised to the market price of $21.60 per ton of vermiculite cou-
tent in one ton of ore with an exfoliating costs of 2,00 makes the net value of
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thid vermiculite $19.60 per ton of raw ore content. Totaling the fate earths and
Paw ores values and subtracting $3.50 for mining and processing and $2.00 per ton
royalty makes a net value of the ore after processing of $23.70 pef ton of ore af«
ter processing or the totsl value of the weathered ore $223,967,600i00. Of the un-
weathered ore as there wfil be a little more processing costs wbidh is s+ill unknown
as to its exact figure, This umweatherad ore will mot drop below 315.00 per ton
after processing and as ﬁhgre are 56,336,000 tons of hard ore.in these first two
lenses with a processed zalue of $840,040,000.00 makes this uppér ore deposis in
mineral valuss worth ovef & billion dollars of ore in place on this lease. This is
figuring only the two known and accurately estimated surface yeinsi.

FUTURE POSSIBILITIES

in the weathered ore as before stated there is an appraciable amount of slimes
which will make either & hard tile or brick org I believe will nake a refractory
brick either of which will make & profit. Ia the metallic content thers are both
magnesium and silicon which, I believe, can be produced as magresium metal which has
a quotation of 36¢ per pound and ferro~silicon which sells from 12&14¢ per pound Znd
is in demend end in the unweathered ore, we, from jaboratory tests and from govern~
ment bulletins and chemists, can produce from the fhlogopite mich flakes, by disss
olution in hot sulphuri¢ acid, pure or transitor grade silicon of which there is &
eritical shortage of this metel and sells on the open market from $LO0-$360 per
pound as quoted in the E and MJ mineral and metal markets. We cah produce this
more economically fron phldgopite mica than any other method of ‘eéxtraction from ot~
her silicon bearin- minerals and as we havé tle ohly major deposit that is workable
in the United States We Pecl sure that producing this mebal is well worth logking
into. In the unweathered ore we will have no slimes, but will have gxtractable po-
tassium, magnesium and material for makirg ferro-gilieon. All thess can be produce
ed at & profit. The development of these products are a part of the research that
mugt be carried on when plant is in opsration.

MARK TS

0n the rare earths we have quoted price tentatively from the rars earths pro-
cassers which they have quoted $1,25 per pound based on percentage of metallic can=
tent which they specify and ta which we can conform., On the exfoliated vormiculite
we have personal contaet with a large manufacturing company who wish an insulation
material that can be sprayed on metal buildings, geain bins, and industrial and comme
ercial metal buildings which we can produce in this plant in quanitites which they
will reguires and to the specification for this material, so that we are assured of
the two products we will produce of a ready market that will be of vital value to
the United Statss in time of wer as we have the only known seserve of these naterials
in large quanitites in the United States and depend largely omn imports to supply the
demand.

i UTILITIES

#e have on the lemse a power line for electncity and anothér within one mile,
so adgquate current is available,
’ We have ample water supply of zood pure lake water in three places from onee
fourtp to one mile from the plant site. B

We have naturel gas available that will be piped to the plant site by the gas
company and can be purchased at prevailing mamifacturing rates making a very cheap
Foel source.

We alsoc have an unexplored supply of antricite coal on our leases 2t a depth

~-of 950 Twot apd an indioccted thicknass of 50 feet as logesd in & well drilled 20
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years ago. Core drilling will; possibly show from known surface geology, a product-
jion area of 2,000 acres or mores: Shaft conditions are good, stable to fairly water
free. .
t‘
xTRANSPORTATION AND ACGESSABILITY .

The area is accessable and no deep gullies or rough steep h111s1des are present.
No trucking obstacles are present and only roads needed are from strip.glt to. plant,
about one-fourth of a mile, Plant Hite is fairly level, with no great grading $0 be
done for leveling. A good hard surfaced all weather county road lies along the west
gide of the plant site and runs both to Toronto and Buffalo where railroads and U. S,
highways are present. kA

The Missouri Pacific runs: thiu both towns, with Buffalo five miles away and the
road to Buffalo is capable of carrying any and all weights of trucks.

The Vice President of the Missouri Pacific-was in the office some Time mgo and
said if production reached 100 tons per day,.they-would build a spur %o the plant and
that they are also interested in good ballast rock,.

Unlike most mining wventures, the transportation problems are minor.

CLIMATE
The climate is mild and work can be carried on twelve months a year.

ORGANIZATION

The venbture is organized on basis of §1;000,000.00 or one million units and will
operate as a leasehold for one year and then by majority vote ohange to corporation
basis or continue as a leasehold, which ever shall be better for tax purposes.

Units are $1.00 each with direct assignment made and no assigmment shall be made
for not less then 1/24th of the orginal lease, and these assignments shall bs a work-
ing interest with each one paying his full income tax on said assignment as no income
tax will be deducted.

This lease covers the East half (%) of the West half (2), the Northwest quarter
(%) of the Northwest quarter (%); the Southwest quarter (%) of the Southwest quarter
(£); the West half (3) of the East half (%); and also beginuing on the Norithwest corner
of Section 32, thence South 40 rods thence in a Southwest direction to the Southwest
corner of the Northeast quarter (%) of the Northeast gquarter (Z); then North 80 rods,
thence East 80 rods to the point of-béginning, conbtaining 30 acres, all the foregoing
land being in Seection 32; also the South 40 reds of Section 29, all in Township 26S,
Range 15E, in Woodson County, Kansas and containing 510 acres more or legs., Filed -
for record this 20th day of May, 1959 at 11:30 A. M. and duly recorded in Book 35 of
misecellanous on Page 579.

3/8th of units are retained and income from them 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 regular
dividend.

Dividends shall be declared as follows: 1l1st dividend, six months after plant go
on production :and every.thpee months afberwards.

. The. management shall consists ef and Operator, Assistant Operator, and an eight

~member Advisory Board.

At a meeting of all existing interest holders, on May 17, 1959, which was atbtend-
ed by or represented by 95% of interested parites, leasehold plan was adopted, Operator's
Agreement accepied and wage scale to be set by Advisory Board. Operstor and Assistant
Operator and three board members were elected. The other five members are, Operator,
Assistant Operator, Office Manager and Auwditor, and itwo plant superiniendants. Each
hold office for one year unless removed by special meeting by majority wvote. All
checks ‘or;funds issued by leasehodd shall be signed by Operator and

-
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Anditor. Operator is limited to ,2,000.00 expenditure unless authorized by concur-
ecurence of majority of board members.

Board will meet orce a month or ofiener, when problams arise that need their
decision.
bl .
An auditor's report will be issued every six months as to the status of op=-
erations.

CON GIUSI(;N

All fTacts and figures are taken from my personal observations and tests and
¢checked with the United States Geological Survey reports and maps, chemical analysis
from the Bruce Williams Iahoratory at Joplin, liissouri; the Kansas.State Zeological
Survey, Geo. Chemistry Division; Charlss Parker Company, chemists ard assayers, Déns
ver, Colorado; Ochs Laboratories, Denver Colorado; Denver iquipment Cocmpany, Ore
Testing Division; E and }MJ mineral and metal markets, New York; Rere Zarths Mdnual
Zonalite Company, wichita, Fonsas; and Lindsay Chemical Company; Chicago, Illinovis;
and vermiculite insulation prices sebt by orgeuization as they will bs scle producers.

In 211 it is & good clean operation, muchly nesded in Kansas and especially
Woodson County as it is e low income area and nssds industiy.

Signed,

- -—‘} - hils ;

B}' g A, )i

Cecil T. lieleh
Operstor.

SILVER CITY :IINING & PROC IS3ING

AGENDA

The following speetropgraphic srn:lysis were run on rare earths non-macnetie
gongentrates and are as follows:

HRBIRT . OCHS -
DEV R, COLORADO .
SPICTROGRAIEIR

Aluminum 5% Nickel Y%
Boron .001% Phosphorus 5%
Barium 1% Potassium 1%
Calcium Major . _Praseodymium 1%
Columbium 1% Scandium 01%
Cerium 5% Samarium 1%
Chrominm J% Silicon Major
Copper «05% Silver Trace
Iron 5o Sodium 1%
Lanihanum 5% Thorium «C2%
Lead 1 Tin 1%
Magnesium iiajor Titanium Major
lianoanese 1% Tungsten 015

o2 ymium 1% Vapadium .01%

o
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YHtrivm aOl%
Zinc -01%
Zirconium 1%

A geiger counter tests shors weak radioactivity.

Charles Parker Chemist, Denver, Colorado. Fluoreseent A-ray spectrographic
exaniration.

Table Conect: Fluorescant X~ray spectrocraphic examination shouws the following:
Ceriuwg, 5.0; Lanthanum, 3.0; Barium, 4.0; Tin, 0.01; Kickel, 0.03;
Neodymium, 1.0; Chromium, 0.1; Columbium, 0.2; Ytirium, Q.01;
Strontium, 2.0; Rubidium, 0.01; Iron, 3; lhianganess, 0.06;
Praseodymium, 0.07; Thorium, 0.,04; Lead, 0.05; Zlnc, 0.04;
Tantalum, 0.01; Samarium, 0.2; Gadolinium, 0.3; Titanium, 10;
all figures repressent a semi-quantitative estimate of the content inm
the revssative oxides of the metals.

"Ii-ray flurescops is acknowledeed to bz the only accurate check on rars earths
and is more reliable tran any chemical analysis.

The Lindsay Chemical Company reports these fsw ways: Carbon-are lighting, mo-
tion pieture projection, lishter flints, alloy steels, medium and low carbon séeels,
stainless steels, rare earth-zirconium-magnesium alloys, glass coloring, glsss de-
colorizing, ingredient in color TV tubes, textile waterproofing, gcavenger in eX=
plosives manufacture, ceramic opacifiers, ceramic coloring, n’cal;\gsts, activators
Tor fluorsscent lighting phosphors, photosensitive glass, glass wirddws for rediate
i protection, capacitor for electronic equipment, aluminum alloys, paint drierg,
sunglasses, slass blower's gogeles, welder's goggles, neutron absorbers in nuclear:
reactors, nausea preventive, reagent chemicals, flame-sprayed ceramic coap;ng_e,~

0T ¢ *
paftad A,
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Hole No.

7
et hole No. Mo .42 Chin) : : GEOLOGIC AND ASSAY LOGS 21
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Total depth 795 Map coord (P) Date completed /4 Ma(/ SE Rev
Collar elev. 989.9 T p Sec. 2R T RS LRASE : Date loggec ll@ﬂgg ) |Ed 4
Ares Silver Cr'f}/ Co., Statelﬂmgf./(m_—____ Logged by FCE. Graphic
Summary of log Peridotite it from_go to 03 thick 23 color P__a.ﬁy__ﬁ A i lo
2 73/ z 64 + M YBr, Gy Prnk,Gn Bk Sitbe Sh ' . 300
DRILL LOG LITHOLOGIC. LOG
Depth | Rec ft Base Thick |Rec %| Rock Color Grain Access. Min’s.  ICbn MS in SS Remarks
bape shil 25 2 LS MGy~ | F Ns -5 Ysh.
@ _ = MOl Gy i
f 262 7 Sh M ‘765{_,_1 S Mica s /V‘/ Calcs /P 350
o 27s (3 Ls MDay; F-M N argillxceous, 362 (1) inter-()
= — £ile Gg g Sk, 2ro-azrs’.
o280 X3 ls VIt ae-| F NE-Ns.
- | MGy Mot
Nl 30 | 30 le lvicgy | =-M NB; chalky in Top S/,
oe 5 PR SN i | G F ol v B N7 il
o 327 5 Sh_|MQGy N4; Cade.
32 IS ST-g5 MLt Gy | ST =¥VF |A Mica ks i 1R0-30% M | N6;Cale.
o ks Gy; wnter lam Fir
3 348 6 Sh MR Gy N4 Silty; Calc. i
& 3s0 209 Ls | ltey My o
9l 388 38 Sh_ |MpPaGy N4; rton - Cecle #50
400 12 Ls |ttGy - E N7=-5YR7/1; oolitic; top has M
o e Lt Br Gy Gy Ov Calc clay ¥r 0o YR 7/
&~ o 7 s
oy — 388 - 390',.' oolit ilings comr—
Sy L only Jeached ouf; S brach
s /
§ i Frags,
J 455 | 55 Ls YtGy—[t| F-M _|7R cher?; IR As “above; P50
Q Hig Bfétl M m C,&'Jks e IR 7/’. ”’t ”8 mﬁ’é’l/ (7) )
Di :Frt-‘(q -
Sample Lab assay (%) Sample Lab assay (%) Interval
Base | Thick CaCO3 | Base Thick CaCO3fl Base Thick Base Thick
l $X)
JRfe
(7) &
6oo




5

i Brill-hole No. Mo { M (Hll)

(

GEOLOGIC AND ASAY LOGS

Cec il o Mlelch
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Drill-hole No. No 1 M (Hill) ( G o Y LOGS /4
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73/ 4 64+ M YBr, 6y link ,GnBK Sithd Sh TT
DRILL LOG LITHOLOGIC LOG T
Depth | Rec ft. Base Thick |Rec %| Rock Color Grain Access. Min's.  [Cbnl MS in SS Remarks i
Dennis || 579 é Sh MRGy N4, s/ &, S Cale ; S (tbd Ls, Sl
ool T Lt Gy - Lt brGy. $ob
¥ |l sge Vi Ls | MDGy| F N4 ¥ hard, cuh"ms'—‘ VF, ¥ g
¢33 74 Sh | MP Gy TR Masc §£Ks N4 Silty; Cale ; thin ds bed 7 0
'S B belweesz €10-4/5, VIt Gy , Mot Tl
e Br; TR Coal. B 1R Kl
% | 645 2 Sh MGi{ lim neds UL Ns; Y Calc 3+ S dtf‘ . EK Livm dﬂdi near bs BN 1
| : Top, 5 gos g S o
o221 86 Sh M Péby - TR Musc ks Net= NS ; [ocall &_&M
, e MGy 663't, L
gl 735 47) Perido{ MYBr | F-c VA phlegopite. 0 YR 4[‘/' X GnGy groundmasg |
s tite Fiks phloge p:fe She % 3mm ig diam, 1 [
S| 743 8 Sh | Déy N3, silicfied (2); 5 Vit ay, 4L
2 — "A/g wmterfarn: ST. e
) z#8 | 5 rido- | MYuw Br-| F-¢ VA phlogopite OIR /¢ -5 YR3/4, N8B} VIitGy L
L tite | MBr, ks araﬂmf_&a__,_,eﬂaggﬂtgﬁ:; e i
Sl — V1t Gy 2 _in dicer. 4 =
756 8 Sh MP Gy N4 ! i
_§ 760 #(2) Pe rido M Y Br-| F-C Z) phlogopite o )R 4/4 - ;7/?3/4- V& VLt R
" = tite MB" Fks wun 55 ; phlogop; i
2 - Vit Gy 2mm m diam. b8
768 5 Sh M D&y N4 = (o YR 574 [ocally silic/fred A4k
, MYy8r 62l 1 F
Sample Lab assay (%) Sample Lab assay (%) Interval B 5"
Base | Thick ]CaCO3 Base Thick CaCO3fl Base Thick Base Thick 4L

GPO B37381
Hole No.




Dr‘i‘ll—.hole No. Mo IM (Hill)
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GEOLOGIC AND ASS5AY LOGS
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Drill-hole No. Na.l A (411 ( /,
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pp e GEOLOGIC AND ASSAY LOGS 7
Drill-hole No. No.2 M (#ll) ( ) %
Inclination Vertical Bearing Map coord (T) _Center S&é ; Sé# Claim Cecil 7. Welch
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Collar elev. 273.6 T P Sec. 22 T.265. RIS E. Date logged_SNov S8 Ed
Area Silver City Co., State Woodson Coy Kensas Logged by LCE Graphic
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Drill-hole No. Nlo. 2 M (Kill)
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GEOLOGIC AND ASSAY LOGS

Inclination Verticeal Bearing Map coord (T) Center —"'V&,L SEY Claim  Cees! T. Welch ;
Total depth 5245 Map coord (P) Date completcdw Rex
Collar elev. 973. 6 T P Sec. 32 T 265 R ISE. Date logged ENoy 58 Ed
Area Silver City Co., State dson s I S Logged by_FPCF Beapkic
Summary of log_Peridotite  _ ; from_6é/ to 6% thick _.Z color GanBK __; from 5098 _:colorLtBr-Gabk |09
Joo 320 20 GyPink, Gn BK = 300
DRILL LOG LITHOLOGIC LOG
Depth | Rec ft. Base Thick |Rec %| Rock Color Grain Access. Min’s. Cbn MS in SS Remarks
i SO Yo Or R1S-220 feet- )
R 1 2% Ls _[D6y/M| F 7R #y N4/ NS argillaceous. @)
o Gy
285 | 10 As Wihee| No - SYRZ/. o
- Vit Bréy
300 (5 s Vit Briy| F S YR 7, ¥ sofk, eawiecg__”)
45 cutf/ng; @
3o/ / 20 ferido-| Gylink | £ VA phlogepite Cale arOMalmzs_,_z‘&lg:&_Z,‘_
- tite ks 5 yR 7/.2 Similar fo core
| L Frorm 765-774 Feet in hole.
Pl wo, [ M.
wl|_.720 19 | 00 | Peride- GnBk | £ 302% phlogopite 56 24, identical fo wrweathered s
o tiz TP Yills Bomnd pecidetite ;- phlogepite i
8 = fks Siamm 4 dia Gk Ok
o R ey Mrn}am.t:_@})_ﬁ_ui 450
— /5= 320 feel
J4S5 | RS Ls |MGy— e Ns = N¥
b MR &y A
3aso | & Sh__|M Ry N4 S Cale. p.L
J 60 1O y& nk Gy Vi /.4 pl:/og%mte s VR 6,4 ; soft, 12«&{&[5_&71__ (7)
— Sfks tings. . $00
Chanate| 391 3/ Sh Méy A/5 locally Cale; Vs itkd Ls (3).
Sh(?)
Sample Lab assay (% Sample Lab assay (%) Interval S24.8
Base | Thick CaCO3 | Base | Thick CaCO3|l Base | Thick Base | Thick o

GPO 837381

Hole No.
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5 : ‘ GEOLOGIC AND ASSAY LOGS /4
Drill-hole No. Ao 2 M (#i i) (
Inclination fertical ' Bearing Map coord (T) Cewzter SWHy, SEXY Claim Cecil 7 Weleh
Total depth SR%S Map coord (P) Date completed 5 Ju. ey
Collar elev. 273. 6 T P Sec. J2 T. R6.5. RLSE. Date logged LAV S8 Ed
Area Silver City Co., State_ Meodsosr, Kansas Logged by_PEF. Gt
raphic
Summary of log_Peridet:ite from_6&/ to 68 thick _Z color Em é‘k‘ i Aom 5092 :color kt Br-GnBk o
300 320 Ro &y Fink, 6nBK B s
DRILL LOG LITHOLOGIC LOG 2000
Depth | Rec ft. Base Thick |Rec %] Rock Color Grain Access. Min’s. |{Cbn| MS in SS Remarks it [ o
395 £ ks MGy £ NSy cuttings VF, similar to bs 2 4
e ' From S79-586Feet iz Mol M;
! /4 bar{. g Wi o
$45 | 50 L MIEGy- F-M Ne-5V7fi/N7- SYRE/1; 5 i
e v iL¢ of ithd MGy Sh in fop S foele = 7 [
) s Gy =t % 4
™~ = nk Gy B iy o
%0 | 5 s, sh MGy -Y | F Ns-N6, N3.
= ltGy , 0 : g
= ¥ e
N ¥se | 5 Ls |\VIitGy-| F-M |5 heer, lin:nods NE-5VYR €. 0
- Lt Brg % i b
| er | 12 s |dtolay| F S hem ,lime gods sre/. Tt
41/ ¢ ds ltbBedy- F SYRe/I —N4-
| W MRGy 4 B
477 é Sh_| Qay N3, non-Cale b
X485 8 ST | keGy ST-YF | S Musc Fks Iy/?tefflzg_@ Nz M Cale. 5 0
gl . sy
490 S Sh Méay S Musc Fks B NS § Calc. 1r
¥
s05 | 45 ST | /leGy ST |5 Musc Fks interlam (D N7; M Cale. T
= M Gy SA a1
Sample Lab assay (%) Sample Lab assay (%) Interval (1 oS
Base | Thick CaCOj3 | Base Thick CaCOgjll Base Thick Base Thick . F

s,

GPO 837381

Hole No.
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Hole No.

E ) GEOLUGIC AND ASSAY LOGS
Drill- hole No. Mo,z M (//l//) ( ) 4./4'
Inclination Yertical  Bearing Map coord (T)_Center SW ?4} SE Wy Claim Ceesl 7 Welch
Total depth SRS~ Map coord (P) Date completed_&_ a Rev
Collar elev. 973. & T P Sec.J2 T.265. R.USE. Date logged & MNov S8 Ed
Area_.ZZ/.JLELCL'g Co.. State_men.df_eujlfz&).aj_________ Logged by _£CF_ Crachic
Summary of log _Feridotite from_é/ to &8 thick Z color Grbk ___ fromS0IZ  color i2Br-Gar Bk log
300 340 _ 20 &y link, Gn Bk i g
DRILL LOG LITHOLOGIC LOG A
Depth | Rec ft. Base Thick [Rec %| Rock | Color Grain Access. Min's.  {Cbn| MSin SS Remarks T
4 e
509 ¢ 00| sh_| Gypk N2, nen - Calc; Paked (2) 13
| 520-0 | /6(2)| 50 |Perido ££Br- | F-M _|S/M Ga Bk ser- S YR 5/2 =5 G Y2/, phlogo pite
- tite | Gn Bk pentige. “cyes"; 2 < i o
= A ph/adﬂnzieffs / : He o= i
s I"I dfﬂm: e O e
SRAESH 45¢| 70 Werido-l 4t Br- | F-M A Qg_ﬂ serpen- SIRS5/2-5G YZ.TAT; p Sie
= Hite. | Gn BK Vo7 i v i - 4t
= wh talcose fm_f “ W= »7
i, (?) on fracs; .S n_dicirr. o
= &ngwteﬂ 8
T Je .{kSL g :
i L
Sample Lab assay (%) Sample Lab assay (%) Interval —
Base | Thick CaCO3 | Base | Thick { Icacosll Base | Thick Base | Thick 1
B i
B
e
TR " GPO 837381




D;ill-hole No. Ne. 2 A4

(

GEOLOGIC AND ASAY LOGS

Inclination Mertiea/  Bearing Map coord (' Jo! SH of No.aM Claim  Ceei I Welch
Total depth Z01S Map coord (P) Center SWH, SEH Date completed.lZQV S8 Rev
Collar elev. 794 T P Sec. JR 7.265. RISE. Date loqge\l_lzo_Lﬁ,.x(ﬁ_______ Ed
Area Silver City Co., State Logged by _£ZEE. Gt
Summary of log_feridatite. from_6/.5 t0.69.0 ___thick _ZS color MGatey - Itbly: log
:;; v
DRILL LOG LITHOLOGIC LOG :4i
Depth | Rec ft. Base Thick |Rec %| Rock Color Grain Access. Min's.  {Cbn| MS in SS Remarks _:5:.
0.0 ¢0.5" | 0.5 Rock Bity No Core; No Sample s . :é‘:
Rock ¥No |02 o4 | 87 | Sh MPGJ 5 Musc fks Cale, S gracns; N, T
Bit Jeove |GuS | 0.6 |87 Ls |Ltéy, £ N2, N, mottled; colitic. 20
boic i D6y, Hot | v
v i sl G3) | 22 |67 Brido-\MinGy| £ |Aphlogopite fhs 5 GY 571; phlogopite £ks < [ nwr 7
6‘;: . | i o fite calcite bleks L Jta@_mlmﬂeéx_&_ —j—
8 11 R B
70, 5s——1L8 - - ¥+
T\ ett | 47 [95 Prido-| MGy | F |4 phingopite tks 56 s/, phlagopite te % iwm in X
- tite d:«@_&#am_mk af 68. 4. 40
&f0 | 06 100 &a{o;zt_&%- £ phlogspite Fhs, SWe/ - 56Ye 1, Cale. 2;:
= tite Lt &n Gy A/ab, T1
70,5+ ©.5% | 100 | Sh Mﬂév S wuse FKs N baked for top 0.3 ££(2 — 3
L
B
bo
- i s 3 70.§8
4 - TP
Sample Lab assay (%) Sample Lab assay (%) Interval R
Base | Thick CaCOg3 | Base Thick CaCOgfl Base Thick Base Thick o v
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Hole No.
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: GEOLOGIC AND ASSAY LOGS 7
Drill-hole No. _Ne.3 M (H:il) (
Inclination Yerticeal Bearing Map coord (T SR N, SOt W NE Cor Claim Ceail T Weleh =~
Total depth (06.8 Map coord (P) éll% SW4 Date completed_Neov /%, 58 Box
Collar elev. 83,8 T P Sec. 2 T RéS R.LSE. Date logged MovdR 52 |k
Area Silver City Co.. Stafemzé%_&aﬂ! Logged by _PCE aphic
Summary of log _Peridotite ;. from_~73.5 __10./06.8%+ thick.33.3+ color OLGy/ Efé_x_: log
- P
DRILL LOG LITHOLOGIC LOG :2:
Depth | Rec ft. Thick !Rec %| Rock Color Grain Access. Min's.  [Cbn| MS inSS Remarks .jﬁ:.
P 73.5 | 735 ’ fogk Bi¥; No Core; Mo Sanyrles . i 4:
Reck ¥ Mo || 10G.B|33.3 73 -\01Gy/b| E-M__ te fs 41 /5 YR 41 ; phlogo mtg T+
Bit ¥ Core - tite Gy 4 - ks s 1mzz uz a’mm, eyes” 3~ 20
5.5 L. = Yine, pyroreie. 4
— cues Ak
b % ~
3 o . : b o
™ = R;MM@&—QL_ E
* - (O R ¢/2) [ocally. e 7
° | k44 L BT
Y L
; Z
= B Vs 01
R 2
(-4
4
Bl ®
¥0
Sample Lab assay (%) Sample Lab assay (%) Interval
Base | Thick CaCO3 | Base Thick CaCOg3|l Base Base Thick
160
106.8
TO
GPO 837381

Hole No.




GEOLOGIC AND ASSAY LOGS

l
Drill-hole No. _Ao. M (#:1/) ( Y
Inclination Mertsical  Bearing_______ Map coord (T).LQQMMM_ Claim Ceedl [ Welch
Total depth _£20:© Map coord (P)_Cor Date completed 0, 5 Rev
Collar elev. 228.5 T P Sec. 22 T. 265 RASE, Date loqged.lZQlﬁfo‘EB______ Ed
Area Silwer City Co., State Logged by £~ Ginphic
Summary of log Feridotite _ ; from =307 to 427 _ thick LR.0 # color M@/Mﬁa@/m log
% - O
DRILL LOG LITHOLOGIC LOG
Depth | Rec ft. Base Thick jRec %| Rock Color Grain Access. Min's.  |Cbn{ MS in SS Remarks
0.0 — | RBY | 28. ¢ o -2 Rl
Reck YWNo |07 | 2.3 |97 | Peride- ktBlGy/. F wpfgez.ﬁa& sB 7///.5 6)’1/4,_14&@,41,[44_
Bit %Core = tite. | Mén pite fks < et indjawy grodes s
2841 = int t
35 3 || #2L | )4 76 |FeridoiRGny| F ph logepite £ks 5 GY4/1) loc :
45 = tite . ri ; J&uz/ﬁf},,dr.[qo-
3.6 1, o .o : pite fks Simtm s diaen. °
40.0—— 227 0.6 | 100 Br[a{t&ﬁg__f Wis e Zfzﬁ{- 5 GV4l ;¥ Cale; p/r/oaonfe_
Y6.0 | 5.4 = tite Pk Or cal- fhks < D.fm_az_dmm,_ﬁug[ 4o
Rock 4 Mo e cite gns (7) O A UF, ba:d_ceafgcf'_mq.
8i+ 'Corc | #6.0+ 3.31/00 | AS MGy F-C NS deuse ; fossiliferows. °
o+ | 540 | £,0 Kock Bit; Mo Lore; Ao Sam ples
565" L S6. S| 2.5t 48 | Ls |Pnkby| F )’l?g/J e
Rock % Mo — J 2
Bit fCore || 00,0 [43,5 £ 4o
1000—34+— TR -JGZ
: e
i 7
.—4/.—
‘5“
T
80
e &
Aﬁ_
Sample Lab assay (%) Sample Lab assay (%) Interval —-:§L
Base | Thick CaCOg3 | Base Thick CaCOg3fl Base | Thick Base Thick ~¢~
3T
{00.0
1f
-~ =
3£
vy SO 1

GPO 837381

Hole No.




g GEOLOGIC AND ASSAY LOGS 14
Drill-hole No. Mo« S M (1) ( )
Inclination [erﬁsés(__.,-Lwr iR . Map coord (T)_{eofE é} [RTSFEN of SW Claim Ceeil T Walch
Total depth 375 gip coord (P)_Ceo r Date completed_ 5 Pec 58 Rev
Collar etev: 97@.0 T P Saciqgal N LT R S RS E; Date logged_8Llec 58 Ed i
Area Stluer City Co., State_Woodsou, Aawsas Logged by_PCE G bohic
Summary of log Peridotife from__2 to.33.8 thick .2 color D& &y “Bf@; log 2
DRILL LOG LITHOLOGIC LOG
Depth | Rec ft. Base Thick |Rec %[ Rock Color Grain Access. Min’s.  |Cbn| "MS in SS Remarks
ot . |l 260|200 ogk_&t;.A[a__Cp_af_!k?._f amples. 5
Ko %Rock ||-R¥:3 | 3,3|47 |Rorido-LDGeby-. F-M |Aphlogopite fk sGY M-—s s
¥ s 5 J 7 1 : g T
Cora 1 Bit tite. | Br &y & vpeun—
:: — f‘ ” 1) o) [ . / f -3 :
e - J 7 2 ; sl
aq o.T_ ¥ 5 : E%:b_éimq—m_dm_m?__ el
3.1 33.8 | #5554 ido~- ngn@ -M ) CS; 2 pb/ (g | |-
34,7—L/ 8 i tfite. Gn S - V24 df %&%ﬁl“_ﬁ. /0
3.8 o — tine “cyes"; S i o) o
e ragonife vein - 32-33% £¢, veinlefs %015+
20 / e #uck at&(g / #em Pg Xalhby - 3L
2 vernlets 5
341 [ 0.3 | 6f |Sh | P&y N3 non - : : e &
3754 | 3.4 Ls  \MD&y~ g-gzg Nog = Ne ; FossiliForous; A 4FE
= Mltay pt-lans Sk in L‘%p o, 3 £t
-~ Mot’ Ak
B2 0
Sample Lab assay (%) Sample Lab assay (%) Interval At 0 A
Base | Thick CaCO3 | Base Thick CaCO3ll Base Thick Base Thick -
JE
*Assays marked “e” are from lab gamma-ray readin?s GROBITIEL N




" Drill-hole NO.ML (

GEOLOGIC AND ASSAY LOGS

/2

¢ Inclination Vertical Bearing Map coord (T)_1330'E, RT4S N of SW Cor Claim Ceedd T Welch b
Total depth s9e2:© Map coord (P) Date completed Rev
Collar elev. 70 T P Sec & 7265 RIS E. Date loaged S Mavch &9 Ed
Area Silver City Co., State Woodsow Coy Kawn. Logged by _PCF Graphic
Summary of log_fridot te. s from_& to S/ S  thick ZR8B.S ; colorkeGy — L€ 8rGy - Pén Gy
DRILL LOG LITHOLOGIC LtOG
Depth | Rec ft. Base Thick |Rec %| Rock Color Grain Access. Min's. |Cbn| MSinSS Remarks
AR 23.0 | as.o Rock Bit; Ao Samples
No E, Rock 270 4.0 |53 |Perido- LtB(&_y- E 'pblpggrpli‘& sYR 6/1 — b'q}’_/l?;g_hj_eg_g_ﬂitg&
23,04 s serpentine. Smnt in dt'ﬂﬂzy_LLéZ_I&;__
" P e o eges rock is U soft.
1.8 #46.3 | 19.3 |57 y ~M_£.__W?L 10 G S/ ; “
3’-‘ '—"-a ‘ — f"f:‘, st;' lf qu H I/‘,—M‘l‘n—' 2
oo 1 - : Gn "falcose ! a2 ; O-407s sev-
a0 > =407 e
0o | #° = ws; Swh ire Sy ; S Sm
$3.0——0°9 Y R Arc:.nm'f‘l-—— ok Gu Ol Gn (56Y 3/2)—- M BlI&Y
o veinlets (5" 8 s/1).
6.6 49.4 3. |81 Perido-| F Rhlogopite. SGVs/a—10& 62, phlogopite
52.0——71p - vite  Yw Gn-— 'Ks; A serpen- FUs = mm (v diam. R g e
= __| At Gt tine in ground o
- ass .
50,3 | 0.9 81 Perido-4tBray | VF Gy OlGn ser- YR 5/1; greundmass of VF g "
o tite penitine eyes. y 3 3 e
o £7 ‘ndiam; g s
5 Cale: 7 300
S5 | 1.2 |8l 'do-| Lt Br&y| VE S phl : SYR o/t ~NB,; phi i 4k
= te |~V Lt Qg 'ff(.!’.‘ serpen- 2 0.5m . ¢ ; g S 40
= tine blebs »m i di o 1
- GY 3/2); Aroundmass prae 1 -
Sample Lab assay (%) Sample Lab assay (%) Interval o B i
Base | Thick CaCO3 | Base | Thick CaCO3ll Base | Thick Base | Thick il
ﬁ -
- =
GPO 837381

Hole No.
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GEOLOGIC AND ASSAY LOGS &2

il hole No. Mo &M (#iH) ( ; _
liclination Mertieef  Bearing ... Map coord (T) ‘E, 2 ! S r Claim Ceerdd T, Welch
Total depth D Map coord (P) Date Lample!ed_[LQe_L._iL Rev
Collar elev. 270 5 P Seedd . T KR0S "R sk Date logge dlMELCLL Sy Ed
Area .&[zeL.C# Co; Srateﬂm_d_.!m__ﬂy__’_(ﬁ_&-_———- Logged by PCl Granhic
Summary of log Feride?ife  ; from__2 1o 8BS thick 2 ABSE 5 color £ Gy -4t Brby ~RenGy | log
e
] T
DRILL LOG LITHOLOGIC LOG hE
Depth | Rec ft. Base Thick |Rec %| Rock Color Grain Access. Min’s.  [Cbn] MSinSS Remarks 15
= b itre; + i N
=~ low inclined 70°%; rock 4k
= s WE ; :
s 0.5" Fram contact. R
52.0 | 0.5 100 | Sh |MAtGy 4L ¥ ML&LA&L——'/' e T
o h _Pms t/zed (3); hard. iy
i
Sample Lab assay (%) Sample Lab assay (%) Interval 0 i 5
Base | Thick CaCO3 | Base Thick CaCOg|l Base Thick Base Thick e i
—“+

GPO 837381

Hole No.




GEOLOGIC AND ASSAY LOGS A
Drifi-hole No._Ne T M (Hill) ( ; ;
Inclination _l/erficel Bearing Map coord (T) X650 E,. RIY4S N Sw Cor Claim Ceeril T: Welch S s
Total depth SR :5~ Map coord (P) Date completed (4 4ac S8 st
Collar elev. _ 990 T P Sec. .3 7.26S5. RIS E. Date logged_& March §9 Ed
Ares Silver Cify Co., State_Woodson Logged by _PCF. Gischic
Summary of log _&QJO tite from__Z to_2 thick2 L0’ color VLE Qg —LEBr &#:_Q}_Q[Gn. log o
DRILL LOG LITHOLOGIC LOG
Depth | Rec ft. Base Thick |Rec %| Rock Color Grain Access. Min’s.  |Cbn| MS inS§ Remarks
2.0 2/, 3’:5 ROCJ( Blf /& ég Zl'g
No % Roek ||—F2:0 10.5 | 89 \ferido- gl F _phlogapite Gy 3/a - 5)’
Core % Bit = tite |-LeBr fks; A serpen- fks 5/ 20
3.5 4 o , Mot £ine $; 5 Va2 G (56) 5] Syl
T = ) o1 e /e
37.0 —'F-;:',' Sroemm 32 -33% Fepl:
WS Tag | 4L 50 | 7% ido- B _phlogopite - 6/1; ; ks
4.y 118 o tite \KEBriy ks ; M _serpen- = v_in drarn;
W i ' 1o &Y 2 V2 dicim 40
sb.o__ 17 — y i
s2.5—T—TR . L 525 |47 (qgo-. = F—bw. + YR - : = j .
== tife ; pen- 3 y ; @ —H
e - 5 <. —=—52.5
7 . i e
— , 7] &
g7
1
il g
Sample Lab assay (%) Sample Lab assay (%) Interval e
Base | Thick CaCOj3 | Base | Thick CaCOg3fl Base | Thick Base Thick i
=8 B

*Assays marked “e” are from lab gamma-ray readings

GPO 837381

Hole No.




Atbreviations used in Ro'se Dome core lozs oy Pnul

ted

[\

// =--- intertedded, interlaminated, or intercsl
A -=-- abundant

Bl =-- blue

Bk -=- black

Er ==-- Crown

C ==~ coarse-zrained

Calc --- calcareous or calcite
cm --- centimeters

Cs ===claystone

DKk === dark

diam === diameter

dimen --- dimension

dissem --- disseminated

' === fine-grained

Fe === iron

fks -=- flakes

fldspr --- feldspar

frac --- fractures, Iract.
frag --- fragments

Gn --- green

"Gran" --< "granite"

Gy =-- gray

Lam --- laminae or lamin-:=.1
hem --~ hematite

hnfls --- hornfeis

Kgr --- Cretacec.c (?) "sranite"
Kmr --- Crelaceows mica rock
Kp =--- Cretaceous peridotite
lim -=="limonite or limonitic
1ls === limestcre

Lt === lirht

M --- moderate, medium

min -== mineral

mm -== millimeters

musc --- muscovite

0l ~=- olive

Or --- orange

peg --- pegmatitic in 7ranin size
Py --- pyrite

R === red

S -—- sparse

TD --~ total depth

Tr -=-= trace

V === very

Wh --- white

¥1ls --= crystals

Yw --- yellow

W/ —=- with



Drill-hole No. Kﬂ pdls //’“/

GEOLOGIC AND A AY LOGS

~ 7 . Altrmm ! ( S P
Inclingtion ___Zi‘_Lr_.__Beormg____. Mop coord (T) LEVE N ZZ"Z ,A;;L/_th r s0c /32 Giaim-_~ ,:;ur»'rr/ Y IR K
s o3 e 4 } A v/ . “ady
Total depth__2.2, 2 : Map coord (P) : Date completed »3-(“-'(,’;_&2 [Rev. | __J
Collar elev. L22.7. 27 T P Sec. 12 T8 R8T & Date logged =2~ Aoy 127 Ed ]
Areo 2= S VST — Co., State .- = lecrt (oo, Han Logged by e [ S0 s & ’ '
! 3 99 y i Graphic
== e log P
DRILL LOG , i LITHOLOGIC LOG o
5 2 . i -
Depth|Rec ft | Base | Thick [Rec%| Rock | Color | Grain Access. Min's: [Cbn| MSin SS ‘Remarks
o0 R zA4 it — G A ‘: Catien "-.’ = poa by /j o2 I ’/ w1 R < . S
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1 T e -
. o . =
- — B o N E 0 e
4 L
S— R SR i i e R

Hale N~



k 1972 11
Drilt-hole No. 24747 —

'GEOLOGIC AND ASSAY LOGS

Y > N
Cers 7

L0 Tx

2204

Hole No. _+ -

Inclination 227 Map coord (T) 865N /202U SE cor So0 /3 Claim Al pore’ S is lrm
Total depth = Map coord (P) Date completed =25 /" Rev
Collar elev. L2 P Sec.-42 T LES R .LECET Date logged 2. Seoe s ; Ed
Areq - Co_,Stdte Horssomw Cowy X l.ogged by Bal C Lron s ‘ Graphic
S S log
DRILL LOG 1ITHOLOGIC LOG e
Depth| Rec ft. Rock TColor | Grain ‘ ‘ccess. Min's. |Cbn| MSin SS Remarks P
Py ] find Lo ot W
Bt Core 7 . 4;’5’:'(-?; ’;f/)rr 20 é” //f /e ) /—7 z:(gr
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