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Abstract

Palcomagnetic  conglomerate tests were run al three localitics  In the
Conglomerate formation of the Jurassic Laberge Group in the southern Yukos, The
localities are located within the Whitchorse Trough about 5, 20 and 40 kin east ot ity
nugin with the intruded Coast Plutonic Complex. Al each locality, 2.5-cm-diameter
cores were drilled from 32 clasts of mainly igncous provenance and § more from the
conglomerale matrix, totaling 120 cores, and yiclding 190 specimens in all. The
speemiens were analyzed using standard palcomagnetic demagnetization and lesting
techniques. The matrix, mostly greywacke in composition, yields charactoristic
remuand magaetization (ChRM) directions carried by pyrrhotite that sive coliereni
steep downward  directions. The clasts, at all three localitics, yield puleomapnetic
conglomerate tests that show statistically random ChRM directions. This leads Lo thie
conclusion that the clasts were not remaguelized by the event  that remagnetized the
natrix, which was likely caused by hydrothermal [luid flow during the Late
Cretaceous  to Eocene Laramide Orogeny. Furthermore, these conclusions support
cailier studies by demonstrating that feisic pluton in the Whitchorse Trough likely
cerry primary ChRM directions, c.g., the 75 Ma Mount Lorme stock, the 109 Ma
Mount Mclityre pluton, the 112 Ma Whitehorse batholith, and the 186 Ma 1eslin
Crossimg stock.

Introduction
There have been many sugpestions that the pre-Tertiary rock  units in the
Canadian Cordillera, including large plutons, were remagnetized by regional
metamorphisim or by {luid flow during the Late Cretaccous — Palcocene Laramide
Orogeny ( Irving ct al., 1998; Johnston ct al., 1996b; Smuk ¢t al., 1997; Wynne ¢t al.,
[198). The author has used several versions of the paleomaguetic conglomerate test to
cxanune this hypothesis. Ninety six clasts( including  their sedimentary matrix Js
wihich are found in the Conglomerale formation of the Early Jurassic Laberge Group
ur the southern Yukon, were tested; these clasts are predominantly igneous in origin.
‘The conglomerate was sampled at three Localities, A, B, and C. These localitics are
approximately 5, 20, and 40 km to the cast of the Whilchorse Trough's western
coatiet with the Coast Plutonic Complex, respectively, and cover an arca of over
20 km® (Figs. 1, 2).
The onginal palcomagncetic conglomerate test of Graham (1949) is based on
somst (1) the magnetie vectors of the clasts in a conglomerate are randomly ~
........... cad, (2) the natural remnont  magnetization (NRM), or onc of its
- ..oz o the clasts, has been directionally stable sinee deposition from its parent
' i the first assumption, a clast formed by erosion will posses a

o magnetization (ChRM) direction of its parent rock unit. Upon

s.isowotun the conglomerate should settle with random orientations

©o oo sncuid have a statically random distribution of ChRM directions.
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I later in %ts geological history, the conglomerate is exposed to hydrothermal fluid,
metamorphic heating, or deformation events, then the clasts may be remagnetized and
their ChRM directions will become realigned. The conglomerate test is considercd
‘positive’ if the clasts have a random distribution of ChRM dircctions indicating that
the rocks in the test area have not suffered a significant post-depositional geological
cvent to cause remagnetization of their magnetic minerals. Altcrnatively, the (est is
negattve’ if the clasts yield a cluster of similar ChRM dircctions, indicatiﬁg that some
post-depositional event has remagnctized the rocks. The nature of the remagnetizalion
must be understood belore interpreting data front other palcomagnetic investigations
in the arca,

Three approaches have been employed to determine if the ChRM directions of
the clasts are randomly distributed: (1) an interpretive approach, using the precision
paranieter, k, of Fisher (1953) as a simple estimate of randomness; (2) a statistical
approach, using the Watson (1956) test of randomness that compares the length of the
resuitant veetor, R, 1o caleulated significance point of Ry at the 95% confidence level;
and, (3) a statistical approach, using the conglomerate test of Shipunov et al. (1998)
that compares the direetions of the clasts with a secondary component, commonly the
natrix of the host rock, to delermine if the host rock component 15 found within the
clasts.

For this approach, values of k10 are considered generally to be non-randou,
that 15, it is not random chance that the ChRM dircections of the samples came from
aue populatton (Butier, 1992). Conversely, values of k<3 typically describe a
population of random ChRM directions. This is a realistic limit because sample
populations thal have 5 to 15 specimens and have k values of < 3 gencrally have a s
values over 20° (Table 1), and these arc often rejected in palcomagnetic studics
hecause they are statically unaceeptably large values.

The Watson (1950) test is based on the fact that k == 0 when the distribution of ChRM
veetors 15 uniform or essentially random. Thus the hypothesis states  that the density
ol vector directions is random if the resultant vector, I, is less than the significance
point, Rg, at the 93% confidence level. I R > Ry, then the alternative hypothesis is
aceepted  thal there 15 a significant cluster of dircetions. Therefore, for (he
conglomerate test, if R < Rq for the elasts, then there has been no remagnetization of
the ChRM dircctions within the clasts. Tt ix duly noted here that the significance
points, Ry, were revised by Stephens (1964), however, for N = 5 0 20 at the 959
confidence ievel there are no differences in the values at two decimal places,

The conglomerate test of Shipunov ct al. (1998) adds a third point that the dircction o)
pussible remagnelization 1s known. This direction may be measured in spocimens
from the matrix of the conglomerate or even from an overlying layer of remagrnetive!
rocks. The test uses the cquation p = Iz’nz cosg, where n is the number of

1

specimens, i = 1 to », and @ is the angle between the i ™ unit vector and the given or

Inown direction. The hypothesis is that if p < pg then the inferred direction is not
present, that is, the elasts were not remagnetized tlic hosting rock.

several studies have indicated that a regional scale hydrothermal event (Hart, 1995;
Smuck et al,, 1997) occurred throughout the seuthern Yukon, during the Late
Crelaccous to Eocene, that resulted in remagnetization of permcable units in the
Whitchorse Trough (Wynne et al., 1998). This event may be related to the Laramide
Orogeny, the timing of which varies considerably alonz the length of the Cordillera,
[or cxample, along the west side of the Whitehorse Trough, the Coast Plutonic
Complex contains plutons ranging from Ecccne o as old as the Early Jurassic
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{ Hart, 1995). However, there was a particularly large magmatic pulse in the Eocene
¢35 5 Ma that formed the bulk of the Coast Plutonic Complex at this latitude
(Morrison ct al., 1979; Armstrong, 1988; Hart, 1995, 1997). Furthermore, it has been
supgested  that wide-scale  hydrothermal systems cireulated through permeable
lormations in the Whitchorse Trough during the Late Cretaccous and Paleocence
(105 — 61 Ma; Smuk ct al., 1997} and were related to the extrusion of (he Carmuacks
Group voleanic rocks (Johnston el al., 1996b; Wynne et al., 1998). Thus, il pre-
Locene plutons have been aflected by any of these events, then clearly, clasts of the
conglomerate formation should have clustered magnctization remanence  dircctions
with orientations simijar to those of the 70 Ma Carmacks Group voleanic rocks, or
cven younger Palcocene - Eocene rock bodies, This study provides evidence 1o the
conlrary,

Geolopy

The Whitchorse Trough (Fig. 1, 2) is a 500 kmn long marine basin in the Stikine
Foerrane that contains 6000 m of Middle Triassic to Middle Jurassie strata. Thesc
stratie were derived from a tectonically active, present-day weslern source region
(Wheeler, 19615 Hart et al., 1995). The Carnian to Norian Aksala Formation of the
Lewes River Group was deposited as arc-marpinal, coarse voleanogenic clastic rocks
that prade upward Into fine-grained clastic rocks and limestones. The overlying 2500
ar thick Laberge Group contains two dominant formations: (1) the Richtholen
lormation comprising Sinemurian to Toarcian sandstones, mudstones and shales; and,
of present interest, (2) the overlying Conglomerate formation comprising Sinennirian
Lo Bajocian marine conglomerate (Nickie, 1989; Hart ct al., 1995).

The Conglomerate lormation is dominated by a polymiclic, clast- and matrix-
supported cobble- and boulder-rich conglomerate with well-rounded clasts that e
Ui w2 mn size (Fig. 3). They were deposited as debris flows, sheet Toods and bar
deposits of fan dellas, Plutonic clasts dominate with smaller pereentapes of voleanic,
seaimentary and metamorphic clasts, respectively (Table 2; Hart el al, 1995). The
plionic clasts are lithologically diverse, and many authors have noted petropraphic
sinslaritics of the clasts with plulons to the west of the Whitchore Trough. Howcever,
st of these potential source plutons have returned reliable U-IPD zircon dates that
aie younger than 190 Ma, indicating that these plutons too young o provide clasts to
Plrensbachian and older strata (Hart, 1995; Hart et al., 1995; Johnston ¢t al., 1996a).
wume of the voleanic clasts have been lithologically correlated 1o the Late Tricesic
voleanic Povoas Formation of the Lewes River Group, howcever, sparse rhyolitic and
dacitic elasts cannot be correlated to a source,

The sedimentary clasts ol sandstone, shale and limestone are intrubasinad,
orininating from the underying Lewes River Group. Finally, sparse metamorphic
clasts have only been obscerved in strata on the western side of the trough, and are
similar o rocks of the Yukon-Tanana Terrane (Jackson ctal., 1991; Hart ct al,, 19433,

Four granitic clasts have been dated by U-Pb zircon techniques from wo
~owiend localities and at different stratigraphic levels (Iart ot al., 1995). Two <o

sty A (Fig, 2) yielded an interpreted age of 215+ 4 Ma. Two graniic <o,
- nhity C (Fig. 2) yielded an interpreted age of 21046/-3 Ma and a wei oo
© . Pb age for three fractions of 2102 & Ma. These data indicate Lo
-.ns fea. 215 — 208 Ma) were present in the source region durins v

o zenglomerate.
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Experimental Mcthods

_ At cach of the three localities (Fig. 2), 40 drill core samples of standard 2.5-cn-
d:am.clcr were taken, with 32 core samples of varying clasts and 8 core samples of the
mauix. At locality A, 2 varialions of matrix grain size were encountered, as a result |
core samples were taken from cach size. Overall, from the 3 localitics, 54% of the °6
clasts comprisc [clsic plutonic rocks, 21% comprise a variety of metasedimentary and
undilferentiated porphyritic rocks (Table 2).

The natural remnant magnetization (NRM), that is, the magnetic intensily and
dircction before any treatment, was measured for each of the 190 specimens. The 472
matnx specimens had NRM intensitics ranging from 1.3 x 107 1o 2.1 x 107
amperes/meter (A/m) with a median intensity of 1.1 x 107 (lower quartile,
Q- 2.4x 107 A/m; upper quarlile, Q3 =2.4 x 1072 A/m). The 148 specimens from the
clasts had NRM intensilics ranging from 1.0 x 107 to 2.7 x 16° A/m with a median
intensity of 1.5 x 107 (Qy = 1.9 x 107 A/m; Q3 =4.5x 107 A/m).

[for the malrix specimens at Localitics B and C, three pilot specimens were
selected that had average intensities and directions. Two of the pilot specimnens
underwent detatled (hermal demagnetization of 11 steps [rom 200°C to 580°C, while
the third pilot specimen underwent detailed alternating Geld (AT) demagnetization of
10 steps from 5 mutll tesla (mTy to 130 mT. The remaining speeimens for cach location
veere evenly divided in numbers and demagnetized cither by A demagnelization in at
teast five steps or thermally in at least eight steps. Locality A contained two types of
nuatriy, and thus three priot specimens were sclected for each type. They were
demagnetized ina similar manner to those pilol specimens from the other two
localities. The remaining specimens for Locality A were also divided evenly for cither
AT or thermal demagnetization in at least five or eight steps, respectively.

lzach petrographic proup of clasts per locality (Table 2) had individual schedufes
of demagnetization. In genceral, two thermal pilot specimens and one AT piiat
specimen underwent  detatled  schedules as  described  above for matnx pilat
specimens. In most cases, the remaiming specimens per group were split evenly for
cither AP or thermal demagnetization. The praoitoids at Locality A are the only
cxeeplion, having all remaining specimens under go a minimum of cight steps of
therinal demagnetization because of the AL pilot specimen showed that this method
Jrd not sipmificantly demagnetize the specimens.

Saturation isothermal remnant magnetization (SIRM) testing was performed on
23 representative specimens to further deline the mincralogy and domain sive of the
magnetic cariers. Fach specimens was magnetized in 13 steps in a direet field from
10 mT to 900 mT, followed by the 10 steps of demagnetization from 10 myl to 10
T, with the specimen being measured after cach step.

Specimen ChRM dircction were caleulated using the end-point niethod
Kirschvink (1980) and were accepted for statistical analysis if the best-fit sul
dircetion had a maximum angular deviation of <15° over at least three consoos
steps, Averages for the varlous groups were caleulated using the staiiio ol
Fisher (1953).

Palcomagnetic Results

Locality A
Locality A, ~5 km east ol the western margin of 1ie 7 aicrzy Trough (Fige2),
Aok two types of matrix: a fine-grained, well-seried. & zoneous zrevwacke, and a
iz sz un i~ om in diameter.

Sne-nrained, poorly sorted, greywacke, with pebroznt 1o
e well-sorted matrix specimens that werz hoooL Crmaznetized have a large
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viscous component, gradually losing more than 75% of their NRM intensity by 290°C
(Fig. 4a). Orthogonal decay plots (Zijderveld 1967) show that these specimens have a
single vector component (c.g., Figs. 5a, b). SIRM testing suggests that the magnetic
carriers are pscudosingle to multidomain pyrrhotite (Fig. 6a). The majority of these
spec.mens have stecp downward ChRM directions (Fig. 7a). The pebbly muatrix
specimens show unblocking temperature spectra of magnetite, generally have a Large
pereentage of thewr intensity decreasing in the magnetite range of 550°C to 570°C
(Fig. 4a). Orthogonal deeay plots generally show two components, A low temperature
component that 1s inclined steeply downward, and a ChRM that is inclincd
moderately upward (Fig. 5¢). SIRM test suggests that the ChRM s carricd in
minltidomain magnetite (Fig. 6b). Although the ChRM dircctions show a bimodal
distributation (I'tg. 7a), 1t 1s noted that the three specimiens that plot to the west are
irom one core sample, whercas the southiwest cluster is composed of specimens from
ilirce core samples.

The clasts at Locality A (Table 2) show thermal demagnetization spectia tvpical
of magnetite (Fig. 4d), although some specimens have a preater viscous camponent
taan others, (hat 1s, more gradual decay. Specific orthogonal decay plots lor Locality
Aoinclude a malic mtrusive specimen (Fig. 5f) and two porphyritic specnncis
(115, 8a, LY. Light specimens were selected for SIRM testing and all plot within the
pseudosingle o multidomain magnetite range (Fig. 6b). In situ geographic Clinm
direetions for the 57 specimens are plotted 1 Fig. 8d.

Locality I3

Locality B is siuated ~20 km ecast of the western margin ol the Whitchorse
Trovgh (Fip2). The matrix cousists of fine-grained, well-sorted greywacke. All
specimens  that  were  thermally  demagnetized  show  pyrrhotite-unblocking
temperatures (Fig.4b). Ol‘[llOgOIlal decay curves are similar to those scen in Figures 3a
and b, having steep downward inclinations. SIRM testing shows the magnetic carriers
(o be pseudosingle (o multidomain pyrrhotite (Fig. 62). Most of the specimens have
ChRM dircctions inclined steeply downward to the cast (Iig. 7b).

Thernal decay curves for (he clasts at Locality IB-show scveral patterns. Aboul
are-Uird of the clasts have large intensity decreases in the 270°C to 320°C range,
churacteristic of pyrrhotite (IFig. 4¢). Several other specimens show a gradual decay
with only ~50% of their NRM intensitics at ~400°C and <10% of their intensitics by
570°C, supgesting that either coarse-grained magnetite or titanomagnelite is present,
Several other specimens show intensity decreases to ~30% by~290°C  belore
lucreasing to ~550°C, where they decay rapidly in the magnelite temperature ringe.
‘This decrcasc-increase-decrease pattern evidently records their polarity reversal from
normal (o reverse (sec Figure S¢). One specilic example of how the granitoids change
in Jirection and intensity is shown in VFigure 8f Five specimens were sclected fur
SHM testing and yielded curves that plot within the pseudosingle to multidosaiin
ragnetite range (Fig. 6b). All four groups of clasts exhibited both downward and
upward inclinations (Fig. 7¢).

coecality © .
" matrix at Locality C, which lies ~40 km cast of the Coast Plutonic Compicx

- und near the present center of the Whitchorse Trough (Fig. 2), consists ¢ 2
well-sorted greywacke. The matrix specimens that were therr.»
.. 10w pyrchotite-unblocking temperature (Fig. 4¢) and have only sin..2

- oovis owith steep downward inclinations (Figs. 5a, b).SIRM oo

¥
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suggests that the magnetic carrics are pseudosingle to multidomain pyrhotite
(Fig. 6a). ChRM directions for all the specimens are well clustered and are inclined
siceply downward towards the west (Fig. 7¢).

All clasts  specimens showed magnetite or tilanomagnetite unblocking
temperature spectra, although scveral specimens had a large viscous component and
lost ~75% ol their NRM intensity by 200°C (Fig. 4f). Specific orthogonul
demagnetization plots for Locality C includes a metasedimentary specimen (Lig. 5d),
a malic dyke speeimen (Fig. 5¢), and several granitoids (Figs. 8¢, d, ¢). SIRM testing
on scven specimens supgests that the magnetic carriers arc pscudosingle to
muliidomain magnetite (I'ig. 6b). Most of the groups of clasts show both upward
and downward inclinations, except for the granitoid vii group (Table 2) that shows
only downward inclination (Fig. 71).

Conglonterate Tests

‘The Watson (1956) test was run and the majority of the tests failed, suggesting
significant  remagnetization of  both  the mattix  and  clasts.  However,  the
Watson (1956) test is deemed inappropriate for this study because it does not [actor in
the polential clfeets of dual polantics. This potential needs to be considered for
Jurrasic-aged  rocks that could have been remapnetized, if at all, over a period of
several million years between the Jurassic and the present, during, which time the
carth's magnetic Neld underwent numerous polarity reversals (Cande and Kent, 19955
Opdyke and Channell, 1996). -

The other two conglomerate tests were performed for localily  using proups
based on clast and maltrix petrolopy {Table 1). Only those groups swith five or more
specimens are listed because of the eritical values of Shipunov ct al., (199%)
commence at N == 5. Two averapges were calculated [or the clasts per locality: one
averace used dircctions [rom all the specimens and the second average uscd a
reduced” data set. The latter data set used the averages for cores {rom the clasts (hat
yielded two or merc specimens, in addition 1o the clasts thal yiclded only ouc
specimen. The precision parameter, k, was evaluated as a guideline, given that many
proups arc represented by only a few specimens.

Matrix

The ChRM directions for the matrix specimens at Localities B and C bouth
sive well-delined clustlers of steep downward, single-component vectors, with Tow
radii of 95% cones of confidence (ags) and high k values Table 1; igs. 7b,c). As
previously noted, two types of matrix were collected at Locality A. Neither carricd @
well-clustered magnetization direction (Fig. 7a), presumably because of the pea-siivd
pebbles in the poorly sorted matrix, and becausc of the relatively coarse prain size of
the "well-sorted' matrix. Nevertheless, the latter population gives a ChRM direclion
that is similar to that of Localities B and C il the results from onc core sample e
population. Thus the mean matrix directions in the Shipunov et al. {390
conglomerale test for Localities A, BB and C are declination (Da) = 1937, incaniion
(I3) = 77°, agsa=24°, Dy =095°, Iy = 76°, vesp = 6.5°, and D¢ = 0837, I = §°
(yse = 0.89, respectively.




Clasts

The results of the conglomerate tests arc given in Table 1. Based on the k
values, most petrologic groups of clasts are randomly oriented cexcept for the
granitords vi rocks at Locality A, and possibly the granitoid vii rocks at Locality C.

Applying the Shipunov et al. (1998) test at Locality A, and using all the
acceptable specimens for all petrologic groups and all specimens in total, the ChizM
directions indicate that the null hypothesis should be accepted, that is, that the class
specimens do not carry the ChRM direction found in the matrix. Acceptance of the
nufl hypothicsis s also found for averaged clast ChRM directions for all petrolonic
groups. [owever, when all clast directions at only Locality A arc grouped, the test
rejects the uull hypothesis at the 95% confidence Jevel. Nevertheless, the null
hypothesis 1s accepted at a high 83% confidence level. This resull suggests that there
may be a minor remagnetization contribution, possibly from the failure of AL step
demapnetization Lo entirely remove the steep downward components of all specimens
at Locality A. _

At Locality 13, two petrologic groups pass and two [ail the Shipunov et al.
(1998} test at the 95% conflidence level when specimen ChRM directions are usced,
However, he two groups that [ail do reach acceplance at a relatively hiph §5%
confidence level, All specimens combined topether pass the (est. When the clast
ChRM directions are considerced, two petrologic groups accept the null hypothesis at
95% and a third at 94% conlidence, and all clasts together provide acceptance.

IFor Locality C, all groupings indicale acceptance of the null hypothesis at the
95% confidence level (hat the matrix magnelization dircction Is not present i 111
clusts except for the granitoid vii rocks at the specimen level, which do accept e
hypotliesis at the 94% conflidence level.

Overall, it1s evident that the Shipunov et al. (1998) conglomerate test provide: a
high depree of assurance that the clasts within the conglomerate have not suffered
statistically significant remagncetization since deposition. By simple random chance at
the 95% conlidence level, a 5% rejection rate would be expeeted, that is, aboul two of
the 27 proupings should fuil. Out of the five that did fail, the two populations
ndicating acceptance at 9% confidence, but not 95% confidence, arc not worthy vl
concern, thus leaving a statistically insignificant three groups. Howcever, the thice
sroups at ~84% confidence merit some attention. There are two possible explanationis.
Oune is that AF step demagnetization is not entirely successful in removing all viscows
remnant magnetization that the specimens might retain from the present Lartids
magnetic field prior to isolation of the ChRM. Alternatively, cither AT and/or therr.al
step demapnetization may not have entirely removed the effects of the events tit
magnetized the matrix. To cvaluate these peints, the tests were run for cach localliy
and for the cntire collection, grouping the specimens by demagnetization method
(‘fable 1).

The specimens that were AF demagnetized at all three locations accepted the
~ull hypothesis (Table 1), confirming that this method was suceess{ul in removing th.e
~aonetization direction found in the matrix. The three tests involving specimens from

with their ChRM directions in the pyrrhotite range also accepted the null
- zxiw, Finally, five of the six tests involving specimens and clasts that have their

© 'r=ztjons in magnetite, also pass the conglomerate test at the 95% confidence
=2 sixth test passing at the 94% confidence level. Therefore, the fuw
s that failed the Shipunov et al. (1998) test appear to be duc to

=rd not geological concerns.

LYk
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Discussion

 Using the procedure of Shipunov ¢t al. (1998), the clasts at all thrce localilies
pass the conglomerate test. A few of the lithologic groups [ail the conglomerate tost
by rejecting the null hypothesis, but as noted above, with 27 groups being tested, it iy
cxpected that a few tests should fail at the 95% confidence level, Therefore, it 1
suggested that the preferred magnetization found in the matrix at cach locality is 1.
present within the clasts. Thus the clasts contain ChRM directions that arc older thaa
the maltrix dircctions because most tests accept the nuil hypothesis regardless of clost
composition or demagnetization method, thereby providing a regional palcomagncetic
test. )

There is an apparent visual cluster of downward directions i the clast specimen
ChRivs (Fip. 7). There are two possible explanations for this. Firstly, there may e
soie minor remagnetization. Secondly, the specimens may not be suflicientiy
demagnetized. Tt should be noted, however, (hat the majority of the specimens
showing reverse polarity were thermally demagnetized and have their ChRM veelors
m the magnetic unblocking range. Conversely, those specimens that were AL
demapnetized, or had their ChIRRM found in pyrrhotite (about one-third to one-hall of
the speeimens per locality), may not be completely demagnetized. Thus may be
showing, either minor  residual  remagnetization  vectors or residual  viscous
mapnctization, not their true ChRM directions. This hypothesis is supported by he
results from several clasts that yielded more than one specimen. They show a steep
dowuward normal polarity dirzction for the AF demagnetized specimen and a reverse-
polarity direction for the specimen that was thermally demagnetized.

The results presented here, that the Conglomerate formation of the Laberge
Giroupr passes the palcomapnctic conglomerate test, conflicts with the result presented
by Wynne ctal. (1998) who sampled one site ncar Locality A (Ing 2). They took two
core samples, cach from three different boulders in a single bed, and suggested that
the conglomerate test fails (N == 3, R = 2.93 > Ry = 2.71) by extrapolating the critical
vilues [rom Stephens (1964), Firstly, as noted carlier, the Watson test (1956) and thus
Stephens (1964) variant were deemed inappropriate becausc they do nol factor in the
possibility of dual polarity directions. Sccondly, Wynne et al. (1998} used a
statistically  very  small  zample size. Thirdly, no critical values were given
by Stephens (1964) for N = 3, however, it does appear that the conglomerate test
performed by Wynne ct al. (1998) would pass at the 90% confidence level. Thus the
testresult of Wynne et al. (1998) is considered controversial.

The age of the conglomerale matrix remagnetization is a dilemma. It appears to
be post regional folding because the mean ChRM directions for the three localitic:
diverge from each other as the sites are unfolded (c.g., the palcomagnetic fold test; e
figures 7a,¢,e). However, if the three mean directions are averaged, the overall mean
is found at D = 161.2°, I = 84.8°, qq5 = 19.4°. The resulling palcopole is locuis:d ot
50.8°N, 130.0°W and it provides no reasonable geological interpretation. This rosls
is likely caused by the very small size of the matrix, that is, only three ;ooris
ciustered sites. Note also that unfolding of the clast dircctions does not dooros - -
rendom nature of their dircctions because many more directions flip from = 70 o
reverse directions rather than vice versa.

Two lines of evidence may provide an approximate aze of macsz:oaton forthe
matrix. The permeable rock units in the southern Yukox arz <-:ozit some to he
remagnetized from hydrothermal alteration related to the =ximi 5 of the Carmacks
Group voleanic rocks at around 70 Ma (e.g., Smuk ¢t 2. 1 "7 “vane et al, 1998).

L
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Another indicator comes {rom a region to the north of the study arca, where volcanic
rocks of the 105, Ma Mt. Nanscn suite yield a range of partiaily reset ages between 94
and 61 Ma (Hart, 1995; Smuk et al., 1997). These indicators suggest that the porous
matrix of the conglomerate likely acquired its present magnetization during the lutest
Cretaceous to Paleocene. The fact that the clasts do not carry the matrix magnetization
dircetion, but rather are statistically random, suggests that they have not been
signtficantly remagnetized since deposition.

Results from this study show that clasts of variable composition that ranpe in
size from ~10 cm to ~200 em in diameter, have not been signilicantly remagnetived.
Although other studies suggest that the permeable units may be remagnetized, the
majority ol the clasts in this study were derived from gencrally impermeable felsic
rirusive rock units. Given that small elasts are no remagncetized, 1t is most unlilicly
(it stocks and batholiths in the Whitchorse Trough have been remagnetized unless
cvidently fractured and altered. Therefore, the results of this study advocate that
mlrusive bodies in strata of the Whitchorse Trough will carry magnetic remanences.
Tiiis conclusion supports carlier published studies that report primary remanences in
large plutons in the Whitchorse Trough including the Late Cretaccous Mount Lore
stack (TTams et oal,  1999), the mid-Cretaceous Mount  Mclntyre  phiton
(Iarris et al., 1996), the mid-Cretaceous Whitchorse batholith (Iarris ct al, 1997),
and the Middle Jurassic Teshin Crossing stock (Harris et al., 19994 Fig. 2). [Uis nofed
that these plutons are not sipoilicantly fractured or altered and that the ChRM s
cirried by magnetite i all four studies and therefore further supports the conclusions
e the tectonie movements of these unils. '

Conclusions

Clasts at three widely separated sites i the Jurassic Conglomerate lormation of
(e Laberge Group ol the Whitchorse Trough statistically pass the paleomuagnetic
conplomerate test. The 96 clasts of variable compositions carry a random population
of ChIRM dircetions, showing that they have not been significantly remagnetized since
deposttion. The matox carries a ChRM direction that was likely acquired during the
Lale Cretaccous to Bocene, probably through hydrothermal alteration during the
Laramide Orogeny. The conclusion of this regional conglomerate test indicates, in all
probability, that most intrusive rock bodies within strata of the Whitehorse Trough
will carry o primary remancnce, as has been shown in previously published studics on
Lirpe elsic plutons.
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Tuble 1. Resulis of tests for randomness at the specimen and clast level,
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| o () Do Po test” P Pa test® |
" N atrix o
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" Well-sorted 7 546 496 3 -
Poorly-sorted 6 420 352 4
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[_Grzmitoid rocks vi®  26/19 2429 7.7 15 01 18 0.186 A 0.178  0.218 A
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All clasts 43 3272 124 4 ’ 0204 0.143 Rj,83
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Pyrrhotite 2

 Magnctito 43/29 5_ 0150 0.148 Rj,94 0.068 (Lljﬁiiiizgji
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Table 2. The petrographic distr ibution of clast specimens per loc: ity
Locality A Locality B Localily C
60°51'N 60°16'™N  GO°58'N |
I135°26'W  134°46'W 13571 1'w |

I"mous mafie rocks (undifferentiated) 9 21 2

| Porphyritic (undifferentiated) 16 5 ]

Metasedimentary rocks (undiffcrentiated) 0 5 5

Graniloids

D) for, pink 2 0
11) melanocratic, recrystallized. - .
11) mgr, altered 2 0 K

b2
P
]

* v} [gr to mgr, leucocratic, recrystallized 0 5 0 ’
v) melanocratic, fgr to mgr 0 Y 3 [

vi) mgr, leucocratic diorite 26 ) 19
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: vit) angr to cgr, leucocralic diorile with 0 0 4
| amplibole/pyroxenc megacrysts

: Total 57 37 gl

[ - - . .

| Notes: [pr, mgr, cgr — fine-, medium-, and coarsc-grained, respectively,
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Figure 4. Thermal decay curves for matrix (a-c) and clast (d-I) specimens. My 15 the
specimen’s magnetic intensity after treatment divided by its NRM intensity; (a, d)

Locality A, (b, ¢) Locality B, (¢, f) Locality C. In (a) the solid lines represent the
oo -sorted matrix and the dashed lines are the pebbly matrix.
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Figure 6. Representative SIRM acquisition and decay curves for (a) the mairix
specimens and (b) the clast speeimens. The horizontal axes represent the may-
netization acquired (1g) and decayed (Hap), measured in mT, and the y-axis 13
(e measured intensity as a ratio of the saturation intensity (at 900 mT). The
velerence curves in (a and b) are for multidomain (MD}, pscudosingle domain
(PSD), and single domain (8D) pyrrhotite and magnelite, respectively.
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Fieurce 8. Orthogonal demagnetization plots (aller Zigderveld, 1907) with

conventions the same as Figure 5,
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