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INTRODUCTION

The min er al ogy of clastic sed i men tary rocks pro vides
a re cord of the source re gions up lifted and eroded dur ing
orog eny (Dickinson et al., 1983). The Ju ras sic Laberge
Group is part of a  fold and thrust belt ex posed  in the north -
ern Cor dil lera (Fig. 1).  The paleontological and sed i men -
tary re cord in the Laberge Group mark the up lift and ero -
sion of crust dur ing the early Jurrasic and the de po si tion
and burial of de tri tus in a ma rine fore-arc ba sin (Eng lish et
al., in press; Johannson et al., 1997). Gar net-rich ho ri zons
of im ma ture wacke and con glom er ate oc cur ring in the
Laberge Group south west of Sloko River were first rec og -
nized dur ing a re gional map ping and mag netic sur vey pro -
gram (Mihalynuk and Lowe, 2002). Sub se quent heavy
min eral sam pling in the Atlin-Nakina area, aimed at trac ing 
the source of anom a lous di a monds in placer gold op er a -
tions of the north ern Cor dil lera (Casselman and Har ris,
2002), showed ev i dence for di a mond in di ca tor min er als,
which were traced to a garnetiferous con glom er ate ho ri zon
in the Ju ras sic Laberge Group ex posed near Sloko River
(Canil et al., 2004). Fur ther de tailed study of heavy min er -
als from one com pos ite sam ple in the gar net-rich con glom -
er ate showed it to con tain clasts of eclogite, and gar nets and 
py rox enes from peridotite of man tle or i gin (Fig. 2, 3).
Thermobarometric stud ies re vealed that the de tri tal gar nets
and py rox enes in this sam ple  equil i brated at man tle depths 
ap proach ing the di a mond sta bil ity field (MacKenzie et al.,
in press), on geothermal gradients expected in cratonic
mantle lithosphere (Fig. 4). 

De tri tal man tle min er als are known in other clastic
sed i ments (McCandless and Nash, 1996). The an gu lar na -
ture and lack of weath er ing of de tri tal grains in the Laberge
Group re quire prox i mal sources and rapid de po si tion
(McCandless, 1990). Po ten tial sources for the gar net and
py rox enes in the Laberge Group could be the ero sion of
peridotite and eclogite as xe no liths in an al ka line ig ne ous
rock such as kimberlite or lamproite, or out crop-sized mas -
sifs ex posed by up lift and ex hu ma tion.  Po ten tial source
rocks of ei ther type that are the req ui site age (pre-Ju ras sic)

are not known in the Atlin-Nakina area. The lack of picro-
il men ite in a heavy min eral sam ple of the Laberge con -
glom er ate ar gues against der i va tion from xe no liths in al ka -
line ig ne ous rocks (i.e., kimberlite; Mac Ken zie et al., in
press). No eclogite or gar net peridotite, as ei ther xe no liths
or mas sifs, has yet been rec og nized in out crop in the Atlin-
Nakina area. Fur ther more, the source of peridotitic gar nets
and py rox enes in the garnetiferous wacke unit of the
Laberge Group is not likely to be from ophiolite and
mélange that con sti tutes parts of the Cache Creek Terrane
to the east. Man tle peridotite from ophiolite in the Cache
Creek Terrane is of lower pres sure or i gin, in which spinel,
not gar net, is sta ble. Fur ther more, the lat ter rocks have been 
in ves ti gated by field map ping, and al though blueschist as -
sem blages have been dis cov ered in the Cache Creek
Terrane near Dease Lake (Fig. 1), no eclogite has been rec -
og nized  (Fig. 1; Ghent et al., 1993); Mihalynuk et al.,
2004). 

Thus, the source of eclogitic and peridotitic de tri tus in
the Laberge Group sed i ments re mains un de fined, but has
im por tant im pli ca tions for the crustal evo lu tion of the
north ern Cor dil lera. In one in ter pre ta tion of paleocurrent
data for ex po sures in south ern Atlin Lake, the source area
for the Laberge Group sed i ments must lie somewhere to the 
west (Johannson et al., 1997). None the less, fur ther de tailed 
study in other ho ri zons of the Laberge Group is war ranted
to iden tify the source and prov e nance of man tle min er als,
and whether the sources for sed i ment changed in space or
time dur ing de po si tion in the ba sin. The oc cur rence of di a -
mond in north west ern Brit ish Co lum bia and south ern Yu -
kon (Casselman and Har ris, 2002) also re mains enig matic,
but could be sourced in sed i ments that con tain other de tri tal 
min er als of de mon stra ble high-pres sure or i gin re quired for
di a mond for ma tion (Fig. 4). To this end, we per formed de -
tailed paleocurrent mea sure ments, sedimentology and a
more thor ough sam pling for heavy min er als in dif fer ent ho -
ri zons of the Laberge Group. The prin ci pal goals were to
ex am ine the lat eral and strati graphic ex tent of the
garnetiferous ho ri zons within the Laberge Group, to un der -
stand their ap pear ance in the sed i men tary re cord of this ba -
sin, and to de duce the source di rec tion for sed i ments con -
tain ing de tri tal man tle min er als, and po ten tially diamonds. 
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REGIONAL GEOLOGY

The Ju ras sic Laberge Group is con tained within the
White horse Trough, an early to mid dle Ju ras sic ma rine
fore-arc ba sin that ex tends from south ern Yu kon into north -
ern Brit ish Co lum bia in the Atlin-Nakina re gion. Strata in
the Laberge Group near south ern Atlin Lake are of
Sinemurian to Pliensbachian age (197–183 Ma; Palfy et al., 
2000), as con strained by biostratigraphy and U-Pb ages of
tuffs and granitoid boul ders in con glom er ate (Johannson et

al., 1997). Sed i ments in the ba sin have been tilted, folded
and thrust faulted prior to Late Cre ta ceous, or Mid dle Ju -
ras sic time. Bor der ing Laberge Group rocks to the east is
the Nahlin Fault and rocks of the Cache Creek Terrane, an
accretionary as sem blage of largely Mis sis sip pian to Tri as -
sic lime stone, chert, and Perm ian ophiolite (Mon ger, 1991;
Mihalynuk et al., 2003). West of the Laberge Group, are
De vo nian to Late Tri as sic vol ca nic-arc strata of Stikinia
(Fig. 1). Quartz-rich pericratonic strata of the Yu kon-
Tanana Terrane in part form the base ment to Stikinia. Meta -
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mor phosed vol ca nic-arc com po nents of the Yu kon-Tanana
Terrane are in part cor re la tive with Stikinia. Iso to pic data
from ig ne ous and sed i men tary rocks in Stikinia, and U-Pb
geo chron ol ogy of de tri tal zir cons in meta sedi ments of the
Yu kon-Tanana Terrane sup port a uni form source for
quartz-rich base ment strata, pos si bly  rifted from the North
Amer i can craton (Gehrels et al., 1990; Gehrels et al., 1991;
Jack son et al., 1991; Mihalynuk et al., 1999).

FIELDWORK

Gar net-bear ing con glom er ates of the Laberge Group
were ex am ined in de tail along a northwest-trending ridge,

Geo log i cal Field work 2004, Pa per 2005-1 85

Laberge Garnets

0

1

2

3

4

5

6

7

8

9

10

0 2 4 6 8 10 12

CaO (wt%)

C
r

O
 (

w
t%

)
2

3

Harzburgite
Lherzolite

Eclogite/Crustal

0

10

20

30

40

50

60

70

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Laberge Garnets

pink/purple
orange
eclo clasts
crustal

#
g
ra

in
s

X
Pyrope

A)

B)

Fig ure 2. Plots show ing compositional data for gar nets from heavy 
min eral con cen trate and eclogite clasts in the garnetiferous wacke
of the Laberge Group: A) CaO vs. Cr2O3 plot used to dis tin guish
the protolith of the de tri tal man tle-de rived gar nets; lherzolite-
harzburgite di vi sion from Gurney (1984); gar nets were clas si fied
as ‘crustal, ‘eclogitic’ or ‘peridotitic’ us ing the ap proach of
Schulze (2003). B) his to gram show ing mole frac tion of pyrope
(XPyr) com po nent (Mg3Al2Si3O12) in gar nets.
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Fig ure 4. Plot sum ma riz ing thermobarometric cal cu la tions on de -
tri tal gar nets, py rox enes and eclogite clasts in the garnetiferous
wacke (Mac Ken zie et al, in press). Crosses show P-T re sults for
de tri tal peridotitic clinopyroxenes us ing the Cr-in-clinopyroxene
thermobarometer (Nimis and Tay lor, 2000). His to gram on bot tom
shows re sults of Fe-Mg ex change ther mom e try for eclogite clasts
and peridotitic gar nets, as sum ing they equil i brated at 3 GPa
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from depths be low 100 km, and some as deep as the di a mond sta -
bil ity field.



herein called Eclogite Ridge, lo cated 8 km east of Par a dise
Peak in the south west Atlin mapsheet (104N; Fig. 1).
Eclogite Ridge is com posed of dis tinct buff-weath er ing
siltstone, sand stone and con glom er ate (Fig. 5a) that form a
unit ~290 m thick (Fig. 6), in for mally re ferred to here as the
‘Eclogite for ma tion’. Good outcroppings of Eclogite for -
ma tion oc cur along the bed ding-par al lel ridge axis, and ex -
cel lent cliff-face ex po sures have been cre ated where the
ridge is trun cated by east-flow ing stream val leys (Fig. 5a).
Thick ness of the Eclogite for ma tion ap pears to de crease to
the north west, and pos si bly to the south east, sug gest ing a
lens-shaped cross-sec tion that is more than
10 km long. At tempts to trace the unit north 
of the Sloko River have been un suc cess ful,
and it is pre sumed to be trun cated to the
south east by the crustal-scale Nahlin Fault.
Thus, its mapped dis tri bu tion cor re sponds
to the ex tents of the pos i tive anom aly seen
in the re sults of the aero mag net ic to tal field
sur vey (Dumont et al., 2001; Lowe et al.,
2003). Prom i nent fea tures of the unit are
depositional ‘cy cles’ in which par al lel lay -
ered ar gil la ceous siltstone and wacke are
trun cated by channellized gran ule to cob -
ble con glom er ate in onlapping and stacked
lens-shaped beds (Fig. 7a). These ‘cy cles’
repeat every 10 to 40 m (Fig. 6). 

Stratigraphically be neath the Eclogite
for ma tion is a sec tion of dark green to
brown and or ange-brown weath er ing
wacke with an av er age mag netic sus cep ti -
bil ity of ~0.3. It is sep a rated from the
Eclogite for ma tion by an ~20 m prom i nent
re ces sive cov ered in ter val. Where well ex -
posed on the north end of the ridge, the re -
ces sive unit con sists of ~15 m of par al lel,
lam i nated to centi metre-scale bed ded
siltstone and im ma ture, me dium-grained
car bo na ceous arkosic sand stone with
muddy ma trix (wacke) show ing soft-sed i -
ment de for ma tion. No ap pre cia ble un con -
formity is de vel oped where the re ces sive
unit is in con tact with the first gran ule con -
glom er ate of the Eclogite for ma tion, which 
has a stron ger mag netic sus cep ti bil ity of
15. Above the basal con tact, how ever, an -
gu lar rip-ups up to 0.5 m di am e ter are a lith -
o logical match for the re ces sive unit, sug -
gest ing that at some point the basal
con glom er ate cuts down into the re ces sive
unit. 

Nonconglomeratic por tions of the
Eclogite for ma tion may in clude a con spic -
u ous black and white banded sed i ment
(Fig. 7b). Band ing is formed by 3 to 50 mm
thick in ter ca la tion of dark, or ganic-rich
siltstone with thicker cream-col oured ar -
kose. Dark lay ers are lo cally petroliferous.
These units are in cised by gran ule to peb ble 
con glom er ate-filled scours with axes that

trend north east erly. Scours are com monly asym met ric in
cross-sec tion, with one steep mar gin (Fig. 7a). The steep-
sided bedforms ex tend lat er ally into more tab u lar bod ies
that vary from 0.5 to 5 m in thick ness. Dif fer en tial com pac -
tion around the rel a tively strong con glom er ate causes
warp ing of the finer grained lay ers around the lens, an ef -
fect that is par tic u larly en hanced at the steep mar gin. Con -
glom er ate lay ers are more re sis tant to weath er ing than ad ja -
cent finer grained lay ers, en abling them to be traced along
strike for kilo metres (Fig 5b). Con cen trated within these
steep-sided con glom er ate lay ers are con spic u ous de tri tal
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Fig ure 5. A) View of the Laberge Group to the east, show ing buff-col oured ridge of
garnetiferous con glom er ates and wackes (‘Eclogite Ridge’ with ar row) un der lain by
gar net-free sed i ments (darker col oured). B) View from the north slope of Eclogite
Ridge to the north west, show ing highly re sis tant con glom er ate units ex tend ing lat er -
ally for kilometres along strike.



con stit u ents in clud ing red and or ange gar nets up to 1 cm di -
am e ter, em er ald green chrome di op side (<3 mm; Fig. 7c),
ol ive green ol iv ine (<3 mm) and sooty black bi o tite-
plagioclase por phyry clasts (Fig. 7d). White-weath er ing
hornblende-feld spar-por phyry clasts are also con spic u ous
(Fig. 7e), but these are not re stricted to the Eclogite for ma -
tion, oc cur ring in abun dance at lower strati graphic lev els.
Fur ther south east along Eclogite Ridge, the con glom er ate,
sand stone and siltstone beds have sim i lar sedimentological
fea tures, but are darker in col our (Fig. 5a), and both gar net
and the sooty black por phyry clasts are scarce.

To wards the top of the sec tion, nonconglomeratic
strata in clude or ange and black weath er ing coaly wacke
and siltstone. Fos sil plant ma te rial is dom i nantly swamp
grass and cy cad (a palm-like plant) fronds and trunks up to
20 cm in di am e ter. 

‘ECLOGITE FORMATION’ PALEOFLOW 
AND DEPOSITIONAL ENVIRONMENT

Asym met ri cal lens-shaped cross-sec tions of con glom -
er ate beds de pos ited on steeply dis cor dant to con cor dant
ero sional sur faces atop finer grained sand stones and
siltones (Fig. 7a) are in ter preted as lag de pos its within
chan nel scours. Crossbedding is lo cally well dis played,
even in coarse-grained units (Fig. 7e), and ori en ta tions of
trough cross-strata could be de duced in three di men sions
with cer tainty. Peb ble-imbrication is also rec og nized in
some places but, un less the peb bles
are tiled, imbrication is dif fi cult to
dis tin guish from peb bles ly ing on
ill-de fined foresets. There fore, only
where they are tiled can they be used 
as in di ca tors of uni di rec tional
paleoflow. From these and other
paleoflow in di ca tors, paleocurrent
di rec tions were in ter preted to flow
to wards the west or south west (Fig.
8). Bidirectional flow in di ca tors in -
clude chan nel scour ori en ta tion and
the pre ferred ori en ta tion of elon gate 
clasts, in clud ing cy cad trunks,
which are broadly consistent with
the unidirectional indicators.

Many gran ules and peb bles are
subrounded, but a sig nif i cant por -
tion of clasts are an gu lar, in clud ing
min eral grains like gar net, di op side
and ol iv ine, as well as por phy ritic
clasts of prob a ble vol ca nic or i gin
and ar gil la ceous rip-up clasts. The
pres ence of rip-up clasts and muddy
ma trix to wacke units sug gest de po -
si tion by tur bid ity cur rents, not win -
now ing by al lu vial or wave ac tion.
Some hummocky and swaley cross-
strata, how ever, may be pre served
lo cally within the sec tion sug gest -
ing, the im pinge ment of storm surge

base on the depositional en vi ron ment. Channellized grav -
els sug gest al lu vial de po si tion, but such grav els may be
de pos ited in an aggrading sub ma rine chan nel de posit. One
po ten tial prob lem with the above in ter pre ta tion is the pres -
ence of cy cad de bris, in clud ing sub stan tial trunks, in a sub -
ma rine en vi ron ment. Most plant de bris is buoy ant and
there fore not ex pected in a sub ma rine depositional set ting,
al though cy cads could be sus cep ti ble to wa ter log ging. 

A sub ma rine-fan com plex in ter pre ta tion is con sis tent
with pre vi ous in ter pre ta tions for the depositional en vi ron -
ment of White horse Trough strata (e.g., Dickie and Hein,
1995; Johannson, 1997). A pre dom i nance of south west-di -
rected paleoflow in di ca tors is, how ever, in con sis tent with
the re sults of pre vi ous stud ies, which gen er ally showed
pre dom i nantly east erly paleoflow. The data pre sented here
are im por tant be cause they in di cate an east-de rived source
for high-P de tri tus, pos si bly an eclogitic part of the north -
ern Cache Creek Terrane akin to the Pinchi Belt, or dextral
trans la tion of the White horse Trough with re spect to a high-
P belt that may have in cluded the Pinchi eclogite oc cur -
rence. Other pos si bil i ties are that the eclogite oc cur rences
ex posed within the Yu kon-Tanana Terrane in the Yu kon ex -
tend in a cryp tic fash ion into north ern Brit ish Columbia and 
sourced the con glom er ate, or that the paleoflow in di ca tors
are a lo cal ab er ra tion and not in dic a tive of der i va tion from
the east ern source.  

Along the shores of south ern Atlin Lake are other oc -
cur rences of coarse peb ble con glom er ates and im ma ture
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Fig ure 7. A) Con glom er ates and wackes viewed per pen dic u lar to strike, show ing steep-sided con tact (ar row) be tween gar net-bear ing con -
glom er ates cut ting down through un der ly ing sand stone and silstone units at steep sides. B) Band ing in units be low con glom er ates formed
by 3 to 50 mm thick in ter ca la tions of dark, or ganic-rich and oc ca sion ally petroliferous siltstones with thicker cream-col oured ar kose. C)
Em er ald green clinopyroxene grain set in ma trix of feld spar and rock frag ments in the garnetiferous wacke. D) Frag ments of  rock con tain -
ing pheno crysts of feld spar and bi o tite set in a sooty fine-grained ma trix in garnetiferous wacke from the ridge. E) Coarse peb bles of
hornblende por phyry in con glom er ate. Note crossbedding in coarser units. F) Red pyropic gar nets adhering to em er ald green Cr-di op side
grain from heavy min eral con cen trate.



wackes (Johannson et al., 1997). Ex po sures on the north -
ern most is lands near Ja nus Point con tained vis i ble gar net,
but fur ther south, on Sloko and Bas tion Is lands, gar net was
no ta bly ab sent in out crop. Gar net-bear ing units near Ja nus
Point are along strike from those on Eclogite Ridge, 20 km
to the south east, sug gest ing that they are part of the Eclogite 
for ma tion. 

PROVENANCE

Six thin sec tions from sam ples of the wacke along
Eclogite Ridge were stud ied petro graphi cally and point
counted (n > 800) to de ter mine their modal min er al ogy. 
The rock con tains mainly feld spar and lithic frag ments, no -
ta ble an gu lar de tri tal gar net and pyroxene, and rare ol iv ine,
amongst 3 to 8 mm clasts of pris tine arc volcanics
(hornblende an de site, dacite), granitoids and meta mor phic
rocks (mica schist, am phi bo lite), in clud ing rare eclogite or
granulite (gar net+pyroxene+rutile). The rock has a high
de tri tal mag ne tite con tent (~2–3%) which is likely the

source of its anom a lous aero mag -
net ic signature (Lowe et al., 2003). 

The rel a tive pro por tions of
lithic frag ments, plagioclase, K-
feld spar and quartz in clastic sed i -
ments has been used to de duce the
tec tonic set ting of de po si tion and
prov e nance in other basinal strata
(Dickinson et al., 1983; Marsaglia
and Ingersoll, 1992). Pro por tions
of these com po nents in Laberge
Group gar net-bear ing con glom er -
ate is con sis tent across sam ples
(Fig. 9). De tri tal com po nents of
both the wacke and conglomerate
sug gest they were de rived by early
dis sec tion of a na scent con ti nen tal
arc (Fig. 9). Two sam ples con tain
an oma lously high K-feld spar, sug -
gest ing der i va tion from an ex posed
base ment or plutonic-arc root
(Boggs, 2001).

HEAVY MINERALS

Sam ples of coarse con glom er -
ate and wacke weigh ing be tween
0.5 and 4.0 kg were col lected from
five lo ca tions along Eclogite Ridge
and seven lo ca tions along the
shores of south ern Atlin Lake.
These were pro cessed for heavy
min eral ex trac tion at Van cou ver In -
di ca tor Pro ces sors Inc., Van cou ver. 
First, they were crushed to sand-
sized par ti cles in a jaw crusher and
sieved. Sieved sam ples were wet
screened to less than 0.25 mm frac -
tion. The +0.25 mm frac tion was

passed through a mag netic sep a ra tor op er at ing at 2.1 Tesla.
The mag netic frac tion un der went heavy liq uid sep a ra tion
to spe cific grav i ties greater than 3.33. Re sul tant con cen -
trates were ex am ined and hand-picked at the University of
Victoria. 

Heavy min er als (spe cific grav ity > 3.33) make up be -
tween 0.004 and 0.6% of the sam ples. The larg est per cent -
age of heavy min er als oc curs in rocks con tain ing vis i ble
gar net and clinopyroxene in out crop (e.g., at Eclogite
Ridge and near Ja nus Point on Atlin Lake). Sam ples col -
lected fur ther to the south, and pre sum ably deeper in the
sed i men tary sec tion, dis play a rap idly de creas ing per cent -
age of heavy min er als and an ab sence of vis i ble gar nets in
hand sam ple. The heavy min eral pop u la tion is dom i nated
by gar net, fol lowed by clinopyroxene, opaque min er als and 
mi nor amounts of ol iv ine. Gar net ad heres to both
clinopyroxene and ol iv ine grains, sug gest ing that it is de -
rived from both peridotite and eclogite (Fig. 7f). Fur ther
chem i cal anal y sis is in prog ress.
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Regional fold axis 311/11
N=383, Contours =1,2,4,8,16% data
points per 1% area

Bedding on “Garnet Ridge” 214/50
N=63, Contours =2,4,8,16, 32% of
data points per 1% area

Bidirectional paleoflow indicators on
“Garnet Ridge” mean resultant 66-246
+/- 34o 2sigma

Unidirectional paleoflow indicators on
“Garnet Ridge” mean resultant 222
+/- 15o 2sigma

A) B)

C) D)

Fig ure 8. Mea sure ments on bed ding (A), fold axes (B) and paleoflow di rec tions (C, D) for
units ex posed on Eclogite Ridge.



DISCUSSION

The above re sults re quire that gar net peridotite and
eclogite de rived from man tle litho sphere at least 100 km
thick was ex humed and ex posed in the north ern Cor dil lera
and shed as de tri tus into a fore-arc ba sin now pre served as
the Laberge Group. Ex cep tional pres er va tion of pris tine
man tle de tri tus in Laberge Group wacke and con glom er ate
is at trib ut able to prox i mal de po si tion, rapid burial and an
ab sence of meta mor phism or pen e tra tive de for ma tion doc -
u mented in this part of White horse Trough dur ing the last
170 Ma  (Mihalynuk et al., 2003). An gu lar gar nets, the
pres ence of de tri tal ol iv ine, and their mix ture with pris tine
vol ca nic and feldspathic clasts in di cate min i mal phys i cal or 
chem i cal at tri tion. This could be at trib uted to an arid or ex -
tremely cold cli mate dur ing subaerial ero sion, and rapid
trans port and de po si tion in a sub ma rine en vi ron ment. Late
Early Ju ras sic (Toarcian) ammonite fau nas in the
W h i t e h o s e  Tr o u g h  i n  c l u d e  t h e  B o  r e a l  g e  n u s
Pseudolioceras, in di cat ing de po si tion from rel a tively cool
wa ter in high lat i tudes (Jakobs, 1997); how ever, the Ju ras -
sic was a warm pe riod in the Earth’s his tory, with a global
lack of ev i dence for gla ci ation. An arid en vi ron ment can not 
be fully dis counted, al though the pres ence of coal lay ers,
in clud ing the 20 cm di am e ter trunks of cy cads, ar gues
against se vere arid ity. 

Pri mary al ka line ig ne ous rocks are one po ten tial
source of the gar net peridotite and eclogite de tri tus. For ex -
am ple, Oligocene sed i ments in the Uinta Moun tains and
Green River Ba sin of the west ern United States con tain gar -
nets and py rox enes that are thought to be sourced from
Eocene kimberlite and lamproite in tru sions a few hun dred
kilo metres away, in the Wy o ming Prov ince (McCandless
and Nash, 1996). The opaque frac tion of heavy min er als
from the Laberge Group sed i ments, how ever, con tains only 
Mg-poor mag ne tite; none of the Mg- or Cr-rich spinel or il -
men ite ex pected from an al ka line ig ne ous source (e.g.
kimberlite) are ob served. Thus, an al ka line ig ne ous source
for the man tle de tri tus in the Laberge Group is dis counted.. 

The only other source for the man tle de tri tus could be
large masses of gar net peridotite and eclogite, which are
vol u met ri cally mi nor com po nents of many collisional
orogens, com monly oc cur ring as septa or kilo metre-size
mas sifs within larger supracrustal meta mor phic ter rains
(Medaris, 1999; Brueckner and Medaris, 2000). Orogenic
gar net peridotite mas sifs have been rec og nized in other arcs 
such as the Lesser An til les and in Sulawesi (Kadarusman
and Par kin son, 2000; Abbott et al., 2001).  Such mas sifs are 
of ten small (~1 km3), but even small masses of rocks like
gar net peridotite and eclogite, which con tain be tween 5 and 
50% modal gar net, could con trib ute the amount of gar net
ob served in the heavy min eral frac tion of the Laberge sed i -
ments (< 0.5 %). 

Po ten tial sources of orogenic gar net peridotite and
eclogite are not known in ter ranes im me di ately ad ja cent to
the White horse Trough. Heavy du ra ble min er als can travel
far and be re cy cled in the sed i men tary en vi ron ment. River
sys tems are known to de liver du ra ble heavy min er als
across con ti nen tal-scale drain age sys tems (Rainbird et al.,

1997.), but the lat ter depositional set ting re sults in ma ture
quartz-rich clastic sed i ments (Ros coe, 1973), not im ma ture 
poorly sorted an gu lar de tri tus as ob served in the Laberge
Group sed i ments. Thus, it ap pears that the source re gion of
the up lifted and ex posed man tle rocks must have been
prox i mal to the fore-arc ba sin in which they were de pos -
ited.

Ex hu ma tion and ero sion of gar net peridotite and
eclogite was ap par ently short lived, be cause the de rived de -
tri tus ap pears in only one part of the Laberge Group that ex -
tends from Eclogite Ridge to Ja nus Point. This de tri tus was
mixed with poorly sorted arc de tri tus, pos si bly in clud ing
tuffaceous units. In cur rent in ter pre ta tions, these units
would be some of the youn gest sed i ments pre served in the
Laberge Group at this lat i tude (Eng lish et al., in press).
Although we have no age con straints as yet, the an tic i pated
geo chron ol ogi cal age de ter mi na tions pro vided by a
tuffaceous unit at Eclogite Ridge will pro vide age con -
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Fig ure 9. Ter nary di a grams used to de ter mine prov e nance and tec -
tonic set ting of clastic sed i ments: a) Di a gram show ing the pro por -
tion of quartz (Q), feldpsar (F) and lithic frag ments (L) of
Dickinson et al (1983). b) Di a gram show ing the pro por tion of
quartz (Q), K-feldpsar (F) and plagioclase (P) of Marsaglia et al
(1992). The Laberge Group wacke and con glom er ates (cir cles)
plot within newly dis sected con ti nen tal arc set ting.



straints for the sud den ex po sure and ero sion of orogenic
peridotite and eclogite at the sur face. 

Rapid up lift, ex hu ma tion and de po si tion, in the late
Tri as sic and early Ju ras sic, of the Stikinia arc is sub stan ti -
ated by many lines of ev i dence in the Laberge Group and in
cor re la tive rocks along strike in the Cor dil lera. The U-Pb
age of a gra nitic boul der in a con glom er ate and the
biostratigraphically con trolled depositional age of sands
ad ja cent to this con glom er ate in the Laberge Group are
dated to within a few mil lion years, sug gest ing in tru sion in
the arc, and rapid up lift ,  in ci sion and de po si tion
(Johannson et al., 1997). Farther north in a cor re la tive belt
of rocks in Yu kon, the ex tent and tim ing of early Ju ras sic
subduction, crustal thick en ing, up lift and de po si tion are
well doc u mented.  Field map ping, meta mor phic isograds,
and U-Pb geo chron ol ogy in the Aishihik Lake area of
south western Yu kon show that crust from 30 km depths
was up lifted at rates of 2 to 10 mm/year and shed into the
White horse Trough (Johnston and Erdmer, 1995; Johnston
et al., 1996).  

The strange oc cur rences of di a mond in north west ern
Brit ish Co lum bia (Casselman and Har ris, 2002) are most
likely de rived from rocks that con tain min er als of de mon -
stra ble high pres sure or i gin (within the di a mond sta bil ity
field, Fig. 4). While we have yet to iden tify di a mond in the
heavy min eral con cen trates of the Laberge Group, these
garnetiferous strata are a pos si ble source of anom a lous di a -
mond dis cov ered dur ing placer min ing near Atlin, ap prox i -
mately 30 km to the north east.
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