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W e a t h e r e d  P r e c a m b r ia n  B a s e m e n t  
R o c k s  o f  t h e  R e d  R iv e r  V a l le y

● Part of the Superior craton of the Canadian Shield
● Cons is ts  of metavolcanic and metas edimentary rocks

● Weathered portion can be up to 200 ft thick. In our location it is  65 ft thick 
(Kelley, 1980)

● The weathered zone is  high in Kaolinite-rich clays  (Moore, 1978)
● Above the weathered zone, an nonconformity is  pres ent (Moore, 1978)
● At the location of well 8A, the weathered Precambrian is  overlain by the 

Ordovician WInnipeg group (Moore, 1978)



Fig 1:Location of drill cores in 
the RRVD project (Moore, 
1978). RRVD 8A marked with a 
star. 

Fig 2: Approximate depth of 
samples at 524.5' and 534.5' 
deep.



Fig 3: Extent of the weathered 
Precambrian (Kelley, 1980)

Fig 4: South to North cross 
section based on drill cores 
near the eastern border of 
North Dakota (Moore, 1978). 



O u r  C o r e  S a m p le s

Fig 5: RRVD #8A 534.5’ Fig 6: RRVD #8A 524.5’



T h in  S e c t io n  M e t h o d s  
5 34 .5 ’

● Our first step was to “Stabilize” our highly 
weathered s ample

● Us ed a vacuum chamber to s aturate the s ample 
with res in 

● S anded our s ample to create a s mooth s urface
● Glued our s ample to a s lide 

○ While cutting our s ample the res in did not 
fully s aturate the s ample res ulting in it 
failing and falling apart

Thin Section N/A



T h in  S e c t io n  M e t h o d s  
5 24 .5 ’

● Our first step was to “Stabilize” our highly 
weathered s ample

● Us ed a vacuum chamber to s aturate the s ample 
with res in 

● S anded our s ample to create a s mooth s urface
● Glued our s ample to a s lide 
● We were able to cut our s ample thin enough for 

micros cope obs ervation
● We were unable to get our s ample thin our due to 

its  weathered nature
● Our mineral grains  were not s howing up properly

Fig 7: S ample 8A 524.5' in 
Plane Polarized Light (left) 
and Cros s  Polarized Light 
(right)

FOV: 3mm



G r a in  f o c u s

● We selected a grain of focus
● We were not sure if it was 

quartz or not ● High retardation color range
● Quartz is supposed to be near 

colorless
● Did we sand it enough?

FOV: 3mm

quartz?

Fig 8: Thin s ection for s ample 8A 
524.5'

Fig 9: Thin 
S ection 8A 
524.5' under the 
micros cope



S E M  M e t h o d s  

● Thin section 8A 524.5'
● Sputter coater placed a very 

thin layer of gold onto our 
sample
○ Helps with conductivity 

in the SEM microscope
○ Shows up on the tests

● JEOL JSM-IT200LA
● Energy-dispersive X -ray 

Spectroscopy (EDS) analysis 
used to identify individual 
mineral grains

Fig 10: S putter coater us ed to coat the 
thin s ection in gold (Au)



Fig 11: Ashley and 
Grace using the SEM



S E M  f in d in g s

● Quartz is a common mineral in 
our sample

● Iron oxides 
● Monazite
● Zircon

Fig 12:S EM image of quartz 
grains  in s ample 8A 524.5'



U n iq u e  m in e r a l  f in d in g s

● A phosphate mineral that contains rare -
earth elements (REE)

● Found a single grain in our #8A 524.5 
sample in the SEM

● Potential mining opportunities for REE’s

Monazite

Zircon
● Found a grain in our #8A 524.5
● If we had time we could have 

done age dating

Fig  13:Red triangle s hows  the location of the Monazite grain

Fig 14: Zircon grain in s ample 8A 524.5' marked with blue triangle



Fig 15:EDS intensity counts for a monazite grain 
in 8A 524.5'’

Fig 16:EDS intensity counts for a zircon  in 8A 
524.5'’



X -R a y  D if f r a c t io n  M e t h o d s
● A powder was created from each sample

● Each powder was  placed on a s lide then wet
● The powder was  s pread out on the s lide to create a thin even layer

● The s lides  were labeled with the s ample number
● Each s lide was  analys ed at the NDS U Res earch 2 facility us ing an X-Ray Diffractometer

● X'PERT HighS core s oftware was  us ed to define peaks  and s earch for matches

Fig 17:RRVD 8A 534.5' 
prepared for XRD



X R D  R e s u lt s :  5 24 .5 '
Silica, Orthoclase, Kaolinite

Fig 18: XRD pattern for the s ample from 524.5' deep



X R D  R e s u lt s :  5 34 .5 '
Silica, Sanidine, Kaolinite, Kaolinite -Montmorillonite

Fig 19:XRD pattern for the s ample from 534.5' deep



X R F  M e t h o d s
● The samples were ground into a fine, even powder

● Liquid plas tic was  thoroughly mixed in to the powder to provide cohes ion
● The powder was  pres s ed into a pellet

● The s pecimens  were analyzed us ing an XRF s pectrometer
● The weight percents  of oxides  were trans ferred to Micros oft Excel

● The Chemical Index of Alteration (CIA) was  calculated for the two s amples  
● CIA was  als o calculated for other depth within drill core 8A us ing data from Kelley, 1980.



C h e m ic a l  I n d e x  o f  A lt e r a t io n

Fig 20: CIA formula (Nesbitt and Young, 1982)

● Meas ures  the proportion of Al2O3 to eas ily weathered oxides
● Lower values  occur in fres h rock. 

● The higher the value, the more altered the rock is  



C h e m ic a l  I n d e x  o f  A lt e r a t io n

Fig. 21: A plot of the Chemical 
Index of Alteration (CIA) against 
depth. The points in red are the 
samples we analysed, while the 
points in blue were analysed by 

Kelley in 1980.

The CIA is higher at shallower 
depths, indicating greater 

weathering

The CIA at 618 ft deep is 33, which 
is in the same range as 

unweathered basalts (Nesbitt 
and Young, 1982)



C o n c lu s io n
● XRD and XRF analysis agree with the hypothesis that kaolinitic clays are present 

in thes e s amples
● This  is  cons is tent with the idea that thes e Precambrian rocks  were weathered 

during the time of the Great Unconformity
● Generally, the Chemical Index of Alteration is  lower at greater depths

● This  s upports  the claim of Moore in 1978 that the weathering was  in s itu
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Q u e s t io n s ?
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