% Transforming Teaching
In Geology

James Scoates

Ken Hickey
Brett Gilley

Joshua Caulkins
(EOAS, UBC)



Wheeler et al. (1996)
Geological Survey of Canada, Map 1860A

Sy

k4

GECLOGICAL MAP OF CANADA
CAATE GECLONIFIUE DU CAHADA




Maps'R"Us

Ererw
THdREFPr

PACIFIC

DEEAN

Geoscience Map 2005-3:
Geology of British Columbia

Available as pdf files at: http://www.em.gov.bc.ca/mining/GeolSurv/Publications/GeoMaps/GM2005-3/toc.htm



http://www.em.gov.bc.ca/mining/GeolSurv/Publications/GeoMaps/GM2005-3/toc.htm

ience Map 2005-3: |
y of British Columbia ||



Yhil

Transformatlon Team

James Scoates
Professor

Ken Hickey

Assistant Professor

+ Joshua Caulkins EAT
CWSEI Teaching & Learning Fellow
(Field School)

Brett Gilley

CWSEI Teaching &
Learnlng Fellow

“"h_. ,'r

H i .j' o






UBC Directories + UBC QuickLinks + °

a place of mind FACULTY OF SCIENCE Department of
Earth and Ocean Sciences

HOME ABOUT PEOPLE ACADEMIC COURSES RESEARCH UNITS RESOURCES MYEOS

Courses > eosc33i

- EOSC 331 - Introduction to Mineral Deposits
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Course Information

Non-specialist courses
Distance Education

EOSC 100 level

EOSC 200 level

EOQOSC 300 level

EOSC 400 level

EOSC 500 & 600
Alternate Year courses

All ATSC courses

All ENVR courses

[ECAC Assistance Centre
B.A.5c. Thesis Manual
Professional Devel. Series

new Registration Issues

Related Links

Undergrads in EOS
EOS Undergrad Program
Undergrad Brochure

Introduction to economic geology and models
related to mineral exploration. Study includes
typical deposit types and their plate tectonic
setting.

40-50 students/yr
2 hr lecture + 3 hr lab/wk
2 lab sections

UBC Calendar

For a full listing of course offerings please see the UBC calendar description



Activity: Element Abundance vs. Price

In groups of 4, carefully examine and discuss the graph below — what general
relationships do you observe between price and crustal abundance (draw trends) and

what are the exceptions (circle commodities)? _ _ _
Price JG (2010) The World is Changing. SEG Newsletter 82, 12-14.

100,000 °
C (industrial
Aug @ p ( diamonds)
10,000 ®
' Tl
Re Pd o
o
Ge
1,000 ®
A In Ga
. 0@ Be @ ®
Te U Dy

100 - L ..

@)
L .
é .He H ‘ W g | > %. y
£ 10 ®
S QCd - Al
= @/ Bglp, @20 o ®
1
@Vin .Ti K
® P
0.1 o—
® C (coal) Fe
0.01 : : : : :
0.001 0.01 0.1 1 10 100 1,000 10,000 100,000

Abundance (ppm, grams of element/tonne of Earth's crust)



Activity: Element Abundance vs. Price

In groups of 4, carefully examine and discuss the graph below — what general
relationships do you observe between price and crustal abundance (draw trends) and

. . .. s
what are the exceptlons (CII'Cle CommOdltleS) ] Price JG (2010) The World is Changing. SEG Newsletter 82, 12-14.

100,000
Au@ () Pt C (industrial diamonds) @
10,000
High price relative to abundance
1,000

100

Price ($/kg)

=

Low price relative to abundance

0.01

0.001 O.bl 0.1 1 10 160 1,600 10,000 100,000
Abundance (ppm, grams of element/tonne of Earth's crust)

@ Commoaodities that are explicitly dealt with in the course



Thie Thor Lakie Rane Metal Deposit is bocated 100

km south-east of Yellowknife in the Northwest | -
Territories in Canada (Rgure 1), The deposit |
contains economic mineralizations of Rare

Earth Elements [REEs), as well as other rare i [
metals induding zirconium (2, tantalum (Ta} -
and niobium (Nb). Thor Lake is considensd par-

ticularly imponant because of its size and en-
richmient in the ramer and more valuable Heavy =
REEs [HREEs), and once in peoduction it has the

o | L e Lk s bas B Wit

potential to be the second largest REE deposit in the world. The metals sit within pegmatite
phases in the nepheline-sodalite syenite of the Mechalacho deposit, which is emplaced in
the Thor Lake Syenite, Thee rare metals wene sourced from the crust and transported in solu-
tion by magma from the mantle. Fluorine content allowed the metals to be dissobwed and
transported, but it is unclear whether the fluorine was present in the melt or hydrothermal
flubds, or perhaps bath. The metals were trapped within the syenite pegmatites as cooling of

the melt prompled mineralization, concen-
trating them in zircon and edialyte. The

© edialyte was [ater altered to secondany min-
* eral astemblages when hydrathermal fluids

infiltrated the intrusion. The deposit is char-
acterized as o syenite pegmatite-hosted
rare earth elermnent. Zr. Ta and Nb depaosit

BACKGROUND GEOLOGY

| Local and Regional Gealogy:
The Thor Lake rare metal deposit is hosted in
© the peralkaline granite-syenite pluton of the
= 215 Ga Blaichford Lake Intrusive Complex,

s which intruded the Archean metasedimentary rocks of the southern Slave Province. The
Thor Lake syenite (hgure 2) is emplaced within the perakaline Grace Lake granite, with a
body of nepheline-sodalite syenite located within and below, The Thar Lake deposit con-

The Rare Earth Elements:

HREEs: Eu, Gd, Th, Dy, Ha, Er, Tm, Yh, Lu,
LREEx: La, Ce, P, Nd, Pm, Sm

Other Rare Metals: Tr, Nb, Ta, Li, Rb Cs, HE
Ga, Ge, In, S

Fapean | ¢ B bmiacis T

,..#"

== A “rare” find at Thor Lake could save future iPhones «':!-u

* Syenite pegmatite-hosted rare earth element, Zr, Ta and Nb deposit
Claire Orlov and Sara Edith Hoffritz (Group 13, Course EOSC 331)

==V Eu,Tb

La, Ce Nd, Pr. Th, Dy

CONTROVERSIES

trend, rising to 200,000 tonnes by 2015 (fgure 5),
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MINING

Due to the potential for extensive surface disturbance, as well as the relatively low ore grades
dose to the surface, open pit mining has been rejected in faveur of underground mining
methodi The Project’s Life of Mine Plan indicates the resource will be mined aver 18 years,
s1arting in 2004, with expected production of 151,257 of TREQ, 3059381 of ZrQy, 27374 of
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tornesdivy with 4 years,

tains a variety of rock types including syenites, gabbros, granites, and cross-cutting pegma
tite phases in which the mre metal mineralization ocours (igure 3).

Ore Mineralogy:

Thee deposit contains economic mineraliza-
tions of REEs, sirconium {Zr), tantalum (Ta)
and niobium (Nb). HREEs are present in
zircon and ferguionite, LREEs are found in
bastnaesite, synchysite, allanite and mona-
zite (table 1). Major amounts of Zr are found
m zircon, while Nb and Ta ane hosted in fer-
rocelumibite and fergusonite (figure 4),

-4 ariess mmrmpesns st masa 4

g gyt g

cation, microclinization and carbonation (figure 7.4). It is diided into five distine
rones (fgure 2) of mineralization separated by vertical faults: the Nechalacho de-
potit (Lake Zone], North T, South T, 5 and R Zones, although only the Nechalacho
and Morth and South T Zones are of economic interest

The Mechalacho deposit, hosted in the nepheline-sodalite syenite, is the largeit
mineralization zone, and is particularly important because of its enrichment in
HREES, It contains two main sub-horizontal liyers of REE mineralization, forming
the Upper and Basal Zones. Aatios of HREE 1o LREE oxides increase with depth,
with proportions in the Upper Zone typleally 7-10%, while the Bacal Zone has an
average over 20% and can
reach ay high as 50%

The Indicatad Mineral Resources for the Nechalacho deposit indicate 21.37 million tonmes ~ |
total rare element oxides (TREQ), a1 1.82% in the Basal Zones and 1.45% in the Upper Zone,

trusion (fogure 71,

Trap

hydrothermal flubds. The LREE are more stable at elevated tempera-
tures which is why they were remobilized in preference 10 the HREE.

Metals were also potentially transported to the site through scaveng-
Iney by postmagrmatic metasomatic flukds that later infilrated the in-

A buildup As the magma cooled fMuodite mineralization ooourred,
stripping Mucsine from the melt. causing the metals to kose thelr solu-
baliny. Thir metals werne initially rapped in-situ in dissermninated graing
of (‘ﬂla|:f‘b¢ and Tircon I-Ipdmllwﬂml fluids then remahilized the
metals into new mineral assemblages, including biatite, magnetite,
and albite, both enriching and depleting REEs locally.

Wb Oy and 1.54% of Ta:0s, based on an initisd rate of 1000 tonnesday incneasing to 2,000 4

At the end of 2010, China dramatically re-
duced its exports by over 40%, causing
the price of REES 1o skyrocket and creating
renewed efforts 1o develop resources out-
side of China. The sudden reduction in
supply has created fears that develop-
mients in technology, particularky in green
enengy, will be held back [table 2).

In the early 1950s China increased mining of rare metals, and other countries
souon reduced or stopped production as they could not competewith China's bow
prices. As a result, China currently has a monopoly on REES as it controly produc-
tion of 95% of the worlds supply. Warld demand for rare metals has increased
significantly within the last few years, and is peedicted to continue the increasing
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In light of this cument controversy, the Thor Lake

depotit is particulardy important because of its

sire

and its enrichment in the rarer and more valuable

HREE:. Onece in producthon it will likely by

the

second largest REE deposit in the workd and the

third largest contained Nb deposit
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Marks: 5 pts. for the Question+Answer worksheet, 5 pts. for Self-Assessment Rubric

POSTER #:
TECHNICAL QUESTION (Source-Transport-Trap):

ANSWER:
Marks: 5 pts. for the Question+Answer worksheet, 5 pts. for Self-Assessment Rubric

POSTER #:
TECHNICAL QUESTION (Source-Transport-Trap):
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Marks: 5 pts. for the Question+Answer worksheet, 5 pts. for Self-Assessment Rubric
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- EOSC 424 - Advanced Mineral Deposits

Course Description
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Course Information

MNon-specialist courses
Distance Education
EOQSC 100 level
EOQSC 200 level
EOQSC 300 level
EQSC 400 level
EOQSC 500 & 600
Alternate Year courses

Advanced concepts in the processes that lead to the
formation of mineral deposits. Introduction to the
study of ore minerals using reflected light
microscopy.

30-40 students/yr
2 hr lecture + 3 hr lab/wk

All ATSC courses I
AIENVRoouses e 2 lab sections
ECAC Assistance Centre For a full listing of course offerings please see the UBC calendar description

B.A.5c. Thesis Manual
Professional Devel. Series Learning Goals

new Registration Issues

To provide a framework for examining processes in the concentration of metals in the Earth's crust and

Related Links for assessing mineral potential in a given region based on available geologic information and
Undergrads in EOS constraints.

EOS Undergrad Program

Undergrad Brochure In this course, we will work through 3 different modules to establish the frameworks noted above:
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Q1: What part of this system was relatively straightforward to draw and label?
. Q2: What part of this system was challenging to draw and label?
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Q1: What part of this system was relatively straightforward to draw and label?

Q2: What part of this system was challenging to draw and label?

Q1: What part of this system was relatively straightforward to draw and label?

Q2: What part of this system was challenging to draw and label?

Q1: What part of this system was relatively straightforward to draw and label?

Q2: What part of this system was challenging to draw and label?
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Jan. 4, 2012
First Day of Class

Q1: What part of this system was relstively straighforwand w drew and label?




Name: ' Student #: C ? j. q \{5 35

2. In the box below, sketch a schematic magmatic ore-forming system involving magma conduits, a layered
intrusion, and mafic volcanic rocks. Pay attention to scale. Carefully label where different deposit types
could be found and highlight specific processes involved in helping to make these deposits. (5 pts.) K
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Mineral Exploration Project 7
$1M budget/1 year | et
Teams of 5 (including financial officer) =
Propose exploratlon program on unstaked NICke|

Dlam‘onds

Rare Meltals
Porphyry Copper
Gold .

VMS Copper-Zinc

~ Platinum

Rare Earth Elements

Concept Developed by: kaevin Ansdell, University of
Saskatchewan
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Minex Project Introductory Activity — The
Movie
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- EOSC 328 - Field Geology

Course Description

I
Course Information

Non-specialist courses
Distance Education
EOSC 100 level

EOSC 200 level

EOSC 300 level

EOSC 400 level

EOSC 500 & 600
Alternate Year courses
All ATSC courses

All ENVR courses
[ECAC Assistance Centre
B.A.5c. Thesis Manual

Professional Devel. Series

Recording and processing geological data in the field. Held within
the three weeks following April examinations after third year. A
special fee is to be paid by January 31.

~40 students/yr
2 day Bootcamp at UBC
18 days mapping, Oliver, BC

Undergrads in EOS For a full listing of course offerings please see the UBC calendar description
EOS Undergrad Program
Undergrad Brochure Learning Goals




EOSC 328 Field Geolo'gy“ bt
Welcome to BOOTCAMP! | e '.’ L

hat: 2 Days of Intense Geo-Training!F:N
hen: Sat-Sun, April 30-May 1, 2011 &
nere: Outdoors + In EOS Main
First Meeting: EOS Maln Room 121




EOSC 328: Field Geology - Bootcamp  [°"* Date:

Student #:

Exercise 1,“Working in the Field”

Things to Think About:
Where am 1?
What am | looking at?
Am | recording my observations?
Where am | going next?
Am | keeping track of time?

What to Mark on the Satellite Photo?
Location of cliff-face sketch
Location of 6 boulders described
Timestamp - every 1/2-hour on the 1/2-hour
Trail 4 and Trail 3 entry points on beach

WWII Instrument Towers
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Wreck Beach
Field Exercise
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Cross-Sections




Getting Their
Pace Right!
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Exercise #4 | D
GoogleEarth Mapping i S SSSSSEE



Oliver Field
o

THE UNIVERSITY OF BRITISH COLU

GEOLOGY FIELD SC “'m

THIS CAMP WAS BUILT WITH THE GENER LP
OF THE FOLLOWING COMPAMNIES AND INDIVIDUALS
ENOLULY B CORPORATION
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