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Abstract 

A small contact-metasomatic magnetite deposit  was discovered i n  

the  Medfra quadrangle, Alaska, i n  1976. I t  occurs a t  the contact  

between a Cretaceous or ea r ly  Ter t iary  quartz monzonite stock and 

Paleozoic limestone and dolomite. The ore  i s  a magnetite-clinohumite 

hematite rock t h a t  contains up t o  60 volume percent magnetite and 

76 weight percent t o t a l  iron expressed as  FeO, Computer modelling o f  

data derived from a ground-level magnetometer survey yielded an 

est imate of the shape and volume of the  deposi t ,  The volume i s  
3 grossly estimated a t  11,600m . 



I n t r o d u c t i o n  

This paper describes a small magneti te depos i t  t h a t  was discovered 

du r ing  the 1976 f i e l d  season. I t  i s  based on b r i e f  f i e l d  s tud ies  i n -  

c l  ud i  ng geol ogi  c  mapping and a ground-1 eve1 magnetometer survey, and 

on supplementary p a r t i a l  chemical and semiquanti t a t i  ve spectrographic 

analyses and petrographic s tud ies .  The depos i t  crops o u t  on a small 

k n o l l  i n  the  NE&NE%NE% Sec. 20, T. 21 S , ,  R. 25 E. (Kateel R iver  

Mer id ian)  i n  the Medfra quadrangle (F igure  1 ). 

Geologic S e t t i n g  

The magnet i te  depos i t  occurs along the southern border of a 

Cretaceous o r  e a r l y  T e r t i a r y  quar tz  monzonite stock, i n  a l o c a l  zone 

(approximately 120m by 40m) o f  metasomatic rock between the  stock and 

7imestone-dolomite host  rocks (F igure  1 and 2) .  I n  the  imnediate 

v i c i n i t y  o f  the  contac t  w i t h  the  stock, t he  1 imestone and dolomi te 

are  metamorphosed t o  a wh i te  marble. The carbonate rocks a re  p a r t  

o f  a nor thwest- t rending b e l t  o f  Ordovician, S i l u r i a n ,  and Devonian 

1 imestone and do1 omi te .  The be1 t i s  bounded on the  southeast by 

Quaternary unconsol idated deposi ts  o f  t he  Kuskokwim R ive r  lowlands and 

on t h e  northwest by Cretaceous marine c l a s t i c  rocks. 

L i  tho1 ogy and M i  nera l  ogy 

The stock i s  p r i m a r i l y  composed o f  an a l l o t r i o m o r p h i c  inequ igranu lar ,  

cl inopyroxene-hornblende-biot i te qua r t z  monzonite t h a t  conta ins about 

20 volume percent  quar tz .  The accessories a re  sphene, apa t i t e ,  z i rcon,  

magnetite, and a l l a n i t e .  Hybr id monzoni t ic  rocks occur near the  border 



Figure  1. General ized geo log ic  map of p a r t  of t h e  Medfra quadrangle, 

and Alaskan index map i n d i c a t i n g  t h e  l o c a t i o n  o f  t h e  

Medfra quadrangl e. + i n d i c a t e s  1 oca t i on  o f  rnagneti t e  

depos i t .  





Figure  2. Geologic sketch map o f  p a r t  o f  t h e  Medfra C-3 quadrangle, 

o u t l i n i n g  t h e  approximate boundary o f  the  qua r t z  monzonite 

s tock and t h e  area o f  the  magnetic contour  map (F igure  3 ) .  
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of t he  i n t r u s i o n .  They a r e  s i m i l a r  t o  the  qua r t z  monzonite b u t  con ta in  

xenocrys t ic  diopside, l ess  than 10 percent  quar tz ,  and have a p o r p h y r i t i c  

t ex tu re .  

Three metasomatic rock  types, i n c l u d i n g  c a l c - s i  1 i c a t e  rock, b i o t i t e  

rock, and magnet i te - r i ch  rock, a re  found between the i n t r u s i o n  and 

the  host  rocks. C a l c - s i l i c a t e  rocks occupy the  g rea tes t  volume. They 

a re  composed o f  g ranu lar  diopside, l esse r  amounts o f  t r emo l i t e ,  

minor quartz,  c a l c i t e ,  and magnetite, and accessory p lagioc lase,  apa t i t e ,  

sphene, z i rcon,  and ep ido te (? )  . Minor amounts o f  essen t i a l  l y  mono- 

minera l  i c  b i o t i  te - rock  occur w i t h  the  c a l c - s i l  i ca tes .  They appear 

t o  be b i  o t i  ti zed carbonate rocks o r  b i o t i  t i  zed pe l  i t i c  i n t e r l  ayers 

w i t h i n  the  carbonate rocks. 

Magnet i te - r i ch  rocks form a smal l  l oba te  outcrop, l e s s  than 200m 
2 

i n  area. They a r e  composed of magneti te,  c l inohumite,  and hematite, 

and c o n t a i n  between about 10 and 60 volume percent  o f  magneti te p l u s  

hemati te.  The rock i s  commonly banded, w i t h  darker, magnet i te - r i ch  

laminae a l t e r n a t i n g  w i t h  c l i nohumi te - r i ch  laminae. The laminae range 

f rom about 2 t o  lOmm and a re  commonly contor ted.  Non-banded rock conta ins 

c l  inohumi t e - r i c h e r  regions and st reaks.  The m i  nera log ic  i nhomogenei t y  

o f  t he  banded and mo t t l ed  magnet i te - r i ch  rocks suggests t h a t  carbonate 

rock  was metasomat ica l ly  a l t e r e d  by t o t a l  replacement of c a l c i t e  by 

magnetite, and a1 t e r a t i o n  o f  dolomi te t o  the  magnesium s i  1  i c a t e  c l  i no -  

humi te .  

Chemical and Spectrographic Analyses 

E igh t  major and minor element, semiquant i ta t i ve  s i x -s tep  spectro-  

graphic analyses a re  repo r ted  i n  Table 1. F e r r i c  and fe r rous  i r o n  were 

7 



This table contains the results of  U. S. Geological Survey se m iquant i tat ive six step spectrographic 

analysis o f  eight specimens of  the magnetite deposit and adjacent rocks. I n  addition, wet 

che mica1 analyses of six o f  the  rocks for fe r r i c  and fevrous i ron are supplied. Si, Al ,  M g, C a, N a, 

K, and T i  are reported i n  percent values; a l l  others are reported i n  parts per million. Results are 

t o  be ident i f ied with geometric brackets whose boundaries are 1.2, 0.83, 0.56, 0.38, 0.26, 0.12, etc., 

but  are reported arbi trar i ly as mid-points of  these brackets, l., 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc. 

The precision o f  a reported value is approximately plus or minus one bracket a t  68%, or t w o  

brackets a t  9 5 %  confidence. Symbols used are: 1) G ,  greater than l o % ,  or greater than value 

shown; 2) H, interference; 3) N, no t  detected a t  l i m i t  o f  detection or a t  value shown. Looked f o r  

but  not  found are: Ag, As, Au, Bi, Cd, Eu, Ge, Hf,  In, Mo, P, Pb, Pd, Pt, Re, Sb, Sn, Ta, Te, Th, 

TI, U, and W . The l im i t s  o f  detection by  the  semiquantitative spectrographic method used by the  

Geological Survey are, i n  percent: Si, .007; A1, .002; Mg, .00015; C a, .001; N a, .Ol; K, .02; Ti, 

,0001; P, .15; and i n  parts per million; Ag, .7; As, .loo; Au, 7; B, 2; Ba, 1; Be, .7; Bi, 7; Cd, 7; Ce, 

50; Co, 1; Cr, .7; Cu, .7; Eu, 1; Ga, .7; Ge, 7; Hf, 50; In, 1.5; La, 7; Li, 100; Mn, .7; Mo, 2; Nb, 10; 

Nd, 20; Ni, .7; Pb, 7; Pd, 1; Pr, 20; Pt, 5; Re, 7; Sb, 20; Sc, .7; Sn, 2; Sr, 1; Ta, 50; Te, 300; Th, 150; 

TI, 3; U, 150; V, 1; W, 10; Y, 7; Yb, .7; Zn, 15; Zr, 3. 

TA BL E 1. Chemical and Spectrographic Analyses 



%am pies 1-5 are m agnetite-clinohu rn i t e  rocks; san ple 6 i s  f rom li m onit ic gossan; 

sample 7 i s  a diopside-tre m ol i te rock; sample 8 is  a biot i te rock. 



analyzed by wet chemical methods. Tota l  i r o n  (expressed as F ~ O )  ranges 

between 57 and 76 percent  i n  the  magneti t e - r i c h  samples. 

S i g n i f i c a n t l y  h igh  values of copper and z inc  were detected i n  

several samples. Sample 6, which conta ins 1 percent  copper, represents 

a homogenized m ix tu re  of f i v e  samples o f  gossan, i n c l u d i n g  one t h a t  was 

weakly copper s ta ined.  Zinc contents o f  f i v e  magnet i te - r i ch  samples 

were between 500 and 1000 ppm. Since magnet i te  does n o t  genera l l y  

con ta in  s i g n i f i c a n t  amounts o f  z inc ,  the z inc  may occur i n  f i n e ,  d i s -  

seminated s p h a l e r i t e  gra ins.  However, s p h a l e r i t e  was n o t  i d e n t i f e d  i n  

any o f  our  sampl es . 

Magnetic Survey 

A magnetic survey (F igure  3 )  was performed t o  d e l i m i t  t he  s i z e  

o f  t h e  magnet i te  depos i t ,  V e r t i c a l  f i e 1  d magnetic measurements were 

obta ined by an operator-held, Jalander magnetometer. F igure 3 i s  t he  

r e s u l t i n g  contour magnetic map o f  t he  t e r r a i n  under la in  by magneti te- 

r i c h  rock. The inst rument  was zeroed over t h e  carbonate country  rock; 

thus, posi  ti ve and negat ive  magnetometer read i  ngs were r e s p e c t i v e l y  

above and below t h i s  a r b i t r a r y  zero. 

Computer model 1 i n g  u t i l  i z i n g  the  observed magneti sm over t he  

magnet i te  body y i e l d e d  an est imate o f  t he  shape and o r i e n t a t i o n  o f  the  

magnet i te  deposi t .  Assuming an i n t e n s i t y  o f  magnet izat ion o f  .455, 

t h e  body appears t o  be approximately 150m 1 ong , and roughly t r i a n g u l a r  

i n  cross sec t ion .  The t r i a n g l e  i s  nea r l y  e q u i l a t e r a l  , w i t h  one apex 

d i r e c t e d  v e r t i c a l l y  upward. The base of t he  t r i a n g l e  i s  approximately 

18m wide a t  i t s  maximum depth o f  15m. The body probably narrows before 



Figure 3. Magnetic contour map of the  terrain underlain by the 

magnetite deposit. Values are mu1 t ip les  of 1000 gammas. 





p inch ing  o u t  l a t e r a l l y .  The volume o f  the  body i s  g ross l y  est imated a t  

11 ,60h3.  

The modelled s i z e  o f  the  body i s  dependant upon the  est imate o f  

t he  magnetism o f  t he  magnet i te - r i ch  rock. No measurements o f  magnetism 

were made, bu t  t he  f i g u r e  .455 i s  reasonable f o r  t h i s  type o f  depos i t .  

Should the  ac tua l  i n t e n s i t y  of magnet izat ion be smal ler,  t he  necessary 

s i z e  of the  body t h a t  would produce the  observed anomaly, would be 

compensa t i  ng ly  1 arger .  

Summary 

The Medfra magneti te depos i t  i s  o f  contact-metasomatic o r i g i n .  

It occurs a t  the  contac t  between a small quar tz  monzonite s tock and 

calcareous and d o l o m i t i c  marble, metamorphosed from l imestone and 

dolomi te host  rock.  Magneti te occupies between 10 and 60 percent  by 

volume of the magnet i te - r i ch  rocks, which can con ta in  up t o  76 percent  

by weight  o f  t o t a l  i r o n  (expressed as FeO) . Beside magnetite, o t h e r  

common minera ls  i n  t h e  contact  s i l i c a t e  rocks a re  d iopside,  t r e m o l i t e ,  

and c l inohumi te .  This  magneti te depos i t  i s  small, est imated a t  o n l y  

11 , 6 0 h 3 .  

Acknowl edgments 

The authors a r e  indebted t o  Andrew Griscom,. f o r  h i s  advice i n  

o rgan iz ing  and i n t e r p r e t i n g  the  magnetometer survey, and t o  Richard 

Blakely ,  f o r  h i s  work i n  model1 i n g  the  shape and o r i e n t a t i o n  o f  t he  

magneti te depos i t .  


