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Abstract

A fairlv rood reccrd of the variation in direction of the reomagnetic
field in northwestern United States from 1500 BP to 3000 BP end from
58C0 BP to 6900 BP has been obtained by measurement of dated volcanic
rocks. A less complete record has been obtained for the variation in

intensity of the field. FPreliminary ages are given for 6 previously

un.ated lava flows on the Snake River Plain, Idaho by comparing their
directions of magnetization with the known record. Possible age assign-
ments are suggested for another 5 flows. A major pulse of volcanism
ocrurred on the Shake River Plain between 2000 BP and abouwt 2600 BP.
teveral tens of subic kilometers of bacalt erupted along the Great

©ift in this time period.

Introduction

Some of the most promising khown geothermal areas 1in the western
United States are directly associated with volcaroes which have erupted-
within the last 5,000 to 10,000 years. The presence of verv voung or
currently active volcanoes, therefore, provides an importart Fuide in
the exvloration for undiscovered geothermal resources. Knowledge of local
patterhs of volcanic eruptions in time-;nd in space, moreover, provides
clues about the evolution, state, and position of magma reservoirs at
shallow levels in the crust and can help guide détailed exploration and
developmént of hvdrothermel systems or hot rocks associated with these -
reéervoirs. Thus a techricue for identifying and dating very young
volcznoes as well as individval lava flows and domes is of vractical

importance in the development of seothermal energv.



Very vounr volcanic rocks can be dated by means of valeomarnetism
on tke besis of relatively large secular variations which have occurred
in the peoma~netic field. Both the direction and intensity of the field
=t marv plrces on the earth have varied with a freocuvency of the order of
one cvcle ner 103 vears, =tV comhined meacurement of raleodirections and
paleointensities, lavas rarcing in a2ge from the rrecent back teo about
10,000 years can be dated, rrovided that the local history of reomernetic
eecular variation is eufficiently well knowr.

Cur first stevr in apnlving the paleomagnetic cdatinc techninue has
been to determine the record of reomarnetic secular variation in vestern
Urited States, for the last 7000 vears, by measurerent of palecodirections
ard nsleointensities from 24 dated iava flows. This work was in nprogress
at the time this revort was rrenared., Thus the results riven here should
he rer~arded as strictly preliminaryv. Dven at this e=rlv stere of the
work, however, some iﬁteresting aprlications of the results can be made
in datine lava flows on tre Snake River Flain, Idaho. The ~attern of
volecanism found on the Snake viver Plain sucrgesis that at least one &arez
arpears to warrant further study from the standroint of geoihermal

roe=zouUrCeS.

nietribution of Fclocene Yrlecanic Focks in VWestern linited States

¥nlocene veolcanic sctivity has beenrn widely distributed in the

western linited States throush the resion occunied by Cenczonic volcanic

2]

rroks (fic, 1).  Accurately datled Holocene lava flovws and ach. derosits

cccur in the Cascadsz Pange, extendine from Califeornia to “'ashin~ton,

the iewnerry Crater area, {(regon, tha edicine l2ke Fieshlands, Salifornria

and on the Colorado -iatedy, ‘ne Srake Ziver “iain, Icaho and s.apitered
L ]

1pcslities alorng tne border cf the Basin and Range Province.



Figure 1.




Several dozen lava flows and other types of volcanic deposits of
Holocene age have now teen fairly accurately dated, primarily by the
1hC method. Among these are 23 lava flows and one ash flow (fig. 2)
for which ages have been published and which have been sampled ana
measured in the initial vart of this investigation. Reliable directions
of marnetization were obtained from 22 of these volcanic units, which
rance in arge from about 300 years BP to nearly.7000 vears BP (table 1).
Gaps in the time distribution of the measured units occur between 3000
and 3550 BP, and between hjSO and 5800 RP. Telocene volcaric rocks
are suffiéiently aburdant, nowever, that, with further work, a fairly
comprlete record of the geomagnetic field for thé last 7000 vears vrobably

can be ottained.

*ost flows were dated from charcoal in tre; molds within the flows
or from ca{ponized wood overridden by the flows. Precision of the
available 1QC da:es ranges from 160 to +400 years. Bounds on the ares
of some of the flows studied have been, determined from 1uC ares of over-
lving and underlving deposits. Dates for all units are listed in 140
vears BP, with the exception of the date for the Bonito Flow, Arizona
which was determined by dendrochronology and waich is given in atsolute
vezrs DP.

Field Methods

t
Samples taken for paleomagnetic measurement are 1-inch diameter
cores. which are, generally, & to 5 inches, long; thev are cut vith a
hané-held gasoline-vowered drill. Orientation of the cores is measured
. ; o . .
to a precision of sobout 1° by means of spirit level and sun compass,

rrior to reroval from the outcrop. Samcles of dated flows are tzhlen as

: 14 e : ,
clcse as possible to the C sample localities to ensure that tle nac-
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Table 1. Dated Folocene lava flows and ash flow dercsit for which
reliable directions of marnetization have been obtained.

1/

Volcanic Unit Age — “eference
Burnt Lava Flow, Hedicine Laké Hichlands, California 320200 1
Jce Spring Field, Zlack Rock Desert, Utah 660170 2
Bonito Flow, San Francisco Volcanic Tield, Arizona 8hFE2 z
, . : 1L70t100 L
‘‘est Belknap Flow, licXenzie Pass, OUregor {1590;166 L
South Belknav Cone Flow, McKenzie Pass, Cregon 1775400 B
Cave Basalt Flow, Mt. St. Helens, Washington 1925905 6
Rattlesnake Butte Flow, Snake River Plain, Idaho 2080185 2
watchran Flow, Snake River Plain, Idaho 2140260 2
Tyenchmortar Flat Flow, Snake River Plain, Idaho 2255160 2
Kines Bowl Flow, Snake River Flain, Idaho 2360£150 2
- 2550165 2/
Vanoah Flow, Mc¥enzie Pass, Cregon to
{2883317; 2y
" Li*tle Belknap Flow, McKenzie Pass, Oregon 28831175 L
2705200 7
2lear Lake Flow, Mclenzie Pass, Oregon {EQQOiBOO 5
. 32001220 7
Hackleman Creek Flow, McKenzie Pass, Cregon 2850215 L
Dotsero Flow, Dotsero, Coloradb L150+300 1
Gas-Line Flow, Newbérry Cratér, Oreecn 5800£150 8
Lava Cascade Flow, Newberry Crater, Oregon 58001100 8
Forest Road Flow, Newberry Crater, Cregon 5960£100 8
Survevor ?low, Newberry Crater, Oregon - 60802100 8
Tava Cast Forest Flow, Newberry Crater, Cre’zon 2;;2;5;8 g
Crater Lake ash flow devnosit, Crater lake, Cregon 6L0%250 Q
Farkdzle Flow, Mt. Hood, Oregon 6&00£130 10
1/ Two or more afes are listed where more than one ars has been revorted in
+he literature and no clear cut criteria exist for selectinz one report-
ed are over another.
2/ Ares of volcanic units which overlie and underlie Yavoah Flow.



netic measurements vertain to the dated units.

Holocene lava flows vresent a special problem for paleomagnetic
sampling because they are almost never dissected by erosion. Thus
samples must be taken from original surface parts of the flows. Nearly
all of the flows studied to date are basalt or tasaltic andesite. Samples
wereltaken from parts of these flows where the surface is structurally
coherent znd where there appears to be no evidence of deformation or
rotation of the surface of the flow after cooling., For instance, we
have found lava gutters to be structurally stable localities for sémpling
aa flows. On some flows the only structurally stable parts of the surface
are constructional features such as spatter ramparts.

As a check on the structural stability of the sample siteé, 6
samples are taken from two separate sites on each flow. The disversion
of directions of magnetization must be small at both sites-znd the mean
direction must be sensibly the same at both sites btefore we accept the
results. Field measurements are made bf the local directional anomaly
of the magnetic field at each site to determine whether a correction
must be applied in the interpretation of the measured paleodirection.

Considerable care must be exercised in the field in the identifica-
tion of the lava flows to which measured. ages properly avply. For each
flow samrled, observations are made on.th; stratigraphic relations to
other flows and to sediments, on the development or absence of soil
profiles, and on the extent and type of vegetation.

Secular Variation of Direction of Magnetization

In the laboratory, the cores are cut into 1-inch cylinders and the
natural remanent magnetization (NRM) is measured with a spinner magneto-

meter (11). One sample from each site is chosen for stepwise alternating



field demagnetization up to a peak field of 1000 Oersted. This 1s done
to determine whether isothermal remanent magnetization (IRVF) is present
and; if so, to determine what demagnetization fields are reguired to
remove it. Removal of IRM from the samples we have studied is rarely
required. The magnetization remaining after the IRM has been removed
is thermoremanent magnetization (TRM) acquired by the rock when it
cricinpailv cooled. The mean TRM direction of the samples taken from a

given lava flow is used as an estimate of the direction of the local
geomagnetic field at the time the lava cooled. Trne mezn direction and
the confidence interval for the mean are computed by standard statistical
methods (12).

45 determined from 22 dated vo}canic units, the directicn of the
reomagnetic field in the western United States has varied from 5&30 to
21° in declination and from 430 to 730 in inclination during the last
7000 vears (fig. 3). All but 3 of the measured directions are for
localities in northwestern United States. For this region, we have a
fairly good record of the direction cf the geomégnetic field Zrom about
1500 BP to 3000 BP and from about 5800 3P to 6900 BP. The larcest sourcss
of uncertainty in reconstructing the record of secular variation lie in
the errors of 140 dating of the units sampled. Changes of 500 in declin-
aticn apd more than 20O in inclinatiog h;vé occurred within intervals
of +ime as snert as 500 years. Thus errors of 100 *to 200 years in are
determination can lead to large errors in the estimated rate of chénge
in directions of the pecmagnetic fieid.

The volcanic units samrled in the northwestern United States are

serarated by as much as 10° in longitide and 6° in latitude. At any one

-ime there must have been significant differences in direction of the



Figure 3.
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~ecmaz~neiic field across this rerion. Yhese differences, however,
vrobably lie withnin the 95 9% confidence limits for the mear decliu=tion
and.mean incliriation shown for each unit in ficure 3. ‘Therefore e have
Arown declination and inclination curves throurh the mearn voints for
escr unit, whi~h are intended to renresent the annro=uimate history of
declinatiocn -nd inclination in northwestern 'inited States. TIn drawine

t-a ecurve for inclinatien, account has been taken of the low latitudes

o7 sampled units in Utah #nd Arizona.

Secular Veriation of Intengity of the
The intensitv of TRM of =2 volcanic rock ig relzted to the “niencsity
of the local reomarnetic field at the time that the rock cooled. A

metnod originally develoved by E. T ellier in 1938 (13) -nd »ofined

L)
ard anrlied to volcaniec rocks bv E, Thellier and O, Thellier (1%) can
be used to estimate the ancient field intensity, »rovided %tnat csrtain
contitions are fuvlfilled., BRBasicelliv, this method consists ¢f herstine
2 samnle and removing the NRM in vrogressive temperature steps up to
the Curie temperature. The samrle is also heated and then ccoled in

a sterwvise Tashion in a field of known intensity in which it acouires

bty
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=2 pew TRM. Under ideal conditicns, the ratio o new TFM rained,
at ~rogressive increments of temperature, multinrlied by the field avplied
iv *hs labvoratory gives the integsity‘of‘the field in which the rocic
oririnally cooled. A recent dizcussion and evalyation of tr2 method
has treen riven dv Cee (15).

A diffidulty in avrlying Thellier's method to volcanic rocks arises
from treir texndency to oxidize during heating in the laboratory. Coe (15),
Khodair and Coe (16), and Grommé and Coe (17) have found that, by

neeting velcanic rocks in nitrogen of high purity or in a vacuum,



arvarently reliable palecintensities can be obtained by Thellier's
method. Eouipment built esvecially by Grommé for valeointensity
determination by heating in vacuum was usec¢ in this study.

. reliasle determimnation of vnaleointensity by Thellier's rethod
reguires tha* the NRM of a samvle is entirely TRM or that all otner
~om~onents of marnetization can be successfully identified and removed.
The magnetic vhases of the samvle must not have chanred 'durine initial
cooline of the rock or after cooling. Furthermore, they must not chanve
Guring repeated heating and cooling in the laboratory.

Stabilitv of ihe masnetic vhases of a rock durine heating and
cooling can be evaluated by cycling a rock from room temuwerature to
temreratures above “he Curie tempverature in vacuum on = magnetic talance.
Satnration magnetization is measured as a function of tewverature on tie
balance, I1f the marnetic phases are stable, thf saturation ﬁagnetization
at civen :temperatures on the cooling part of the thermal cvele will be
tre same as the caturation magnetization observed during heating., A
reversible saturation magnetization versus temrerature curve for a
sample from the Burnt Lava Flow, California (fig. 4) is typicsl for
rocks with relatively stable magnetic thases. 1In contrast, an irrever-
=ible curve was Tfound for a sample from the Hell's Kalf Acre lava field,
Idaho (fie. 4). A phase chanpge which occurred near 400°C during heat-
ine of the Hell's Kalf Acre sanmvle renders thnis svecimen uvnsuitable for
ralecointensity datermination. 3

Samoles which had 1ittle‘or no IRM were selected from each volcanic
unit for aralvsis by Thellier's method. A small specimen from each
sample selected was tested on the magnetic balance, and demontrably

nnstable samnles were rejected. The saturation magnetization versvus



Figure 4.

L

1.0

¥

0.8

0.6

T

J
Jinitial)
0.4

L}

0.2

Burnt Lava Flow—-Calif.
in 4000 Oersteds

N

0.0

J(initial)

0.6

0.4}

car

100 200 300 400 500 600
Temperature (°C)

Hells Half Acre Field - Idaho
in 3000 Oersteds

0.0

' 1 ' 1 : i
100 200 300 400 500 600
Temperature (°C)



temperature curves of the accepted sam-les were then used to plan

the temperature steps to which each sample would be heated for paleo-
intehsity determination. The loss of NRM as a function of temperature
varies greatly from specimen to specimen, and it is desirable to remove
roughly comvarable small fractions of the NRM at each progressive
temverature step.

In Thellier's method, first the intensity and direction of the
initial NRY of the sample is measured. Then the sample is heated in
zero applied field to a known temperature, Tq, at -which some fraction
of the NRM is removed, and the specimen is cocled in zero field. The
intensity and direction of the remainine NRM, designated PNRH, is
measured. Then the sample is reheated t§ temperature T1 and coole? in
the vresence of a known apvlied. field (0.50 Oe). The sample is again
measured and the component of TRM acquired by the sample during cooling
in the apvlied field, designated PTRM, is found by vector subtraction.
Next, the procedure is repeated, by heéting the samrle in zero aprlied
field to a higher temperature, TZ' cooling and measuring it, and heating
it again to ‘I'2 and cooling it in 0.50 Oe aporlied fielq znd measuring it,
By this means, a series of measurements of PHRM and PTRM are obtained
at successive temperatures up to or close to the Curie temperature.

If the ratio of the PNRM decremen£ f; the PTRM increment at each
hea*ting ster 1is constant; then PNRM will be a linear function of PTRM
(fig. 5). The slope of this function, in. Thellier's theory, is the
rztio o? +he'paleointensity of the geomarnetic field to the field applied
in the laboratorv. Two samnles which exhibit satisfactory linesr relation~
chips between FNRM and PTRM.are illustrated in figure 5, one with a high

Curie temperature, from Ice Svring,. Utah, and one with a low Curie
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temperature, from South Belknavr Cone, Oreron, Tn fi~ure 5, the PNRM
and PTEM measured at each heating step are normalized to the initial
NFM; the intercent on the normalized PTRM axis of the strairht line
fitted to the measuremeﬁts is the inverse of the naleointensity/labor-
atnrv inter=ity ratio. Thus the ralecintensity at 6701170 vears EF,
derived from the Ice Svring samrle, is 0.50 Oe/0.%% = 0,60 Oe, and the
paleointensity at 17752L00 rears BP, derived from the South Relknap
Cone sample, is 0.50 Oe/1.14 = 0.kk Oe.

As illustrated b* the South Belknap Cone samrle, the ratio of PNRM
decrement to PTRM increment commonly does not remain corstant at

temperature stevs very close to the Curie temperature. 1In such cases,

ct

ne measurerents obtained close to the Curie temperature are neglected
) i

in fittine a straight line. MNany samrles, moreover, do not exhibit os

high a linerr cgrrelation between PNRM and PTRK as the Ice Sorinc and

South Belknap Cone samples. A certain degree of iudgement, in sone

instances, is involved in deciding how best to fit the line.

At the time of writing, paleointensitiy determina®icns had been
comrleted on samples from 15 dated lava flows (fig. 6). Duplicate
samples had bteen run for L of these flows. Triplicate valecintensity
determinations are planned for each flow studied. Duplicate determina-
tions of the paleointensity for 3 lava flows fall well}within the dia-
meters of the solid circles nlotted on firure 6.. The-difference bet-
ween dunlicate determina:ions of paleointensity for a flow at aprrox-
imately-?soo‘years 3P is eoual to the diameter of the oren circle
plotted. Just as in the case of variation in direction of the reormag-

netic field, the principle source of uncerta.nty in reconstructing the

e ; . C o b
record of variation of intensity appears to lie in errors of ! C dating.
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In order that the paleointensity determined from lava flows at
Gifferent paleomacnetic latitudes can be intercomvared, thé naleointen-
sity obtained from each flow has been reduced in firure 6 to an eouivalent
intensity of the geomagnetic field for the 62° isocline. For a dinole
field, 62° inclination corfesponds to a magnetic latijtnrde of L3°. N

the basis of 15 flows studied, the 62° isocline eauivalent intensity

of the geomagnetic field has ranged from C. 45 to 0,55 Qe durirs the last
7000 years. The variation in intensit» anvears to have occurred with a
freguency comparable to that observed in the variation in direction of
the fiéld. Indeed, there avpenrs to be a rough correlation between

intensity and inclination.

th
ot
g
[¢]

Avvlication of Paleomagnetic Datine to Holocene Lavas o

Snake River Plaiﬁ. Idaho

Extensive basaltic lava flows of Holocene a~e occur on *the Snake
Piv;r Plain, Tdaho, distributed in 6 widely separa“ed fields (fir. 7).
These young lavas are easily recogsrized as dark, unvereiated areas on
LANDSAT (ERTS) pictures (fig. 7). Three of tae “olocene fields ere
located alon~ the_Great Rift, which bisects tue eastern Snake PRiver
Flain.

Preliminary investiration of the directions of marnetization of
the wvounc Snake River Plain lavas suggeéts that the a-es of ranyv of
them fall within the range of time for which we have fairly good in-
formation on tne secular variation of the reomaqﬁetic fieli.‘-Thus
preliminary are assignments can be given‘to some of the lavas bv means
of paleomagnetic measurements,

For purvoses of paleomagnetic dating it is useful to comnare

directions of the megnetic field rather than compare the declination



Jﬂ.\&#v _._h .—.

! ﬂ& vﬂ_

Flgure 7

Lreg Shown on Mop

0 Pocotelle

Shoshone
Field

Twin Folls O




and inclination comvonents of direction separately. The stereographic
equal area projection is a convenient method of portraving the direction
of the magnetic field (fig. 8). 1In the projection adopted in figure 8,
declination becomes the azimuthal coordinate and inclination is the
radial coordinate. The magnétic field direction may be thought of as

a unit vector whose origin is at the center of a snhere of vnit radius;
the stereopravhic projection revresents the lower half of this sphere,

Mean directions of magne:ization for 10 dated lava flows ranging
in age from 1495%130 BP to 2990%300 BP are shown in figure 8a. Around
each mean is a circle which represents the 95% confidence limit of the
mean.. A generalized path of the magnetic vector for northwestern
Uniteé States from BOOO'BP to 1500 BP, which is inferred from the‘data
shown, is indicated by the éu;ved line with arrows. Four of the 10
control points on this path, shown by underlined ages, are from the
Snake River Plain. The arrows indicate the forward direction of time.
It may be seen that the magnetic vector traced out a closed loopn in
1500 years, moving clockwise with time.

In figure 8b, approximate points in time along the path of the
magnetic vector are indicated with tick marks, épaced at intervals of
100 14C years. The position of these points has been estimated from
the control shown in figure Ba.l Mean directions af magnetization for
6 undated lava flows from the Snake River Flain yhich lie close to the
inferred path of the magnetic vector are,also shown in figure 8b,
lLocalities of samples from which these directions have been obtained
are shown in figure 9. Four of the directions, those for the North
Crater Flow, Hells Half Acre Field, Wapi Figld, and the Carey Tongue,

lie precisely on the segment of the magnetic vector path between 2500
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éP and 2100 BP, Tirections for 2 of the flows, Hirhwav and Wortheast
Sunset sre clnse to this secment but are sevarated from it bv rore than
their 95% confidence limits,

North Cratér Flow is one of the highgst stratigrarhic units in the

nerthern part of the Craters of the Moon volcanic field (18,19), Its

direction of marnetization is close to the 2100 BP woint on the marnetic

-
!

- L
vector path: this indicated age is comparable to the 205085 C are
found for the Rattlesnake 3utte Flow, the vounrest dated flow in the

Craters of the Moon Field. A 62° isoclirne valeointensity of 7.77 Oe

=t

determined from *the Forth Orater Flow is cleose to but slichtly lower
than the naleointensity determined from the Rattlesnake Butte Flow (fic,
A). e surrest that the age of the North Crater Flow is close to 2100
BRP or, vnerhavs, slirhtly younrser, to account for its slichtly 1owér
naleointensityv,

The mean direction of maegnetization of lava from the Hells Half
Acre Field lies between the 2200 and 2300 BP points on the marretic
vector math. The mean for the ¥api Field lies between the 2300 and
2L0O0 BP voints. As these mean directions have very hich orecision and
lie exactly on the magnetic vecter nath, we regard the ares indicated
as very probably the true ares, even thqugh paleointensities have nrot
vet been determined for these lavas. The direciicn of magnetization
of the "avi lava is very close to the direction of a lava flow in the
nearby Kings Bowl Field, dated at 2360:150 BP. Probably the eruption
of lava in these two fields was nearly simultaneous (20).

Mean directions of magnetization have been obtained for 2 local=-

ities on the Carev Tongue, in the Craters of the Moon Field. These

loecalities are identified as Carey Tongue and Lava Lake in fipure 9.



Directions from these localities are virtually identical and lie on

the magnetic vector nath between points estimated for 2400 and 2500 BP.
The fime roints, however, have been derived by intervolation between the
positions of two dated lavas which are sevarated by at least 200 vears
and more likelw by avout 500 vears in age, Neither the directicns of
tnhe magnetic field nor ti:e are tightly contrelled for thjs secment of
the vath. & sinele 62° isocline rtaleointensity of 0,48 Oe: determined
f=om a Lava lake sample, is closer to the valecintensity from a lava
near 2900 vears in age than to that from a lava near 2-00 BP (2ie, By
The Carev Toneue, therefnre, may be substantially older than 2400 years,
even though its nosition on the magnetic vector wath is close to the
estimated 2400 3P voint. Provisionally we adort an are between 2500
.and 2600 BP fo~ this flow,.

The Hishwav Flow, in tre Craters of the Moon Field, has =z mean
direction of magnetization which is siegnificantly steever in inclination
than the nearest vpart pf +he marnetic vector path shown in figure &,
Because the surface of this flew is large block aa, the samnles were
taken along an &ERE trendiﬁg fault scarp, wvhere the massive interior of
the flow is exposed. The throw on this fault is more tran 100 feet;
the outcrop sampled could be rotated dowp, verhans as much as 50 to the
KW, an amount that would be difficult to recognize in the fieid. Cor-
rectioh for such a rotation would vlace the magﬁetic direction of the
Hirhway Flow on the magnetic vector vath in the 2300 to‘2400 BP time
irterval., *“e plzn to search for a rlace on the\Hirhway rlow remote
from faul:s, where it can be resampled to obtain an uneguivocal magnetic
direction. Determination of the paleointensity will 2lso »nrovide a

check on this suggested age.



A fairly precise mean direction of marnetization has been obtained
for the Northeast Sunset Flow in the Craters of the Moon Fiéld. This
direction is close to the segment of the marnetic vector path derived
bv intervpolation between directions at 2883%175 and 2360%165 BP, but
t+he Northeast Sunset direction is significantly higher in declination
than any vart eof the interpolated segment. It is entirely npossible
that this segment of the path, as shown, is in error and that it should
bte redrzwn to pass the Northeast Sunset direction. The mean directicon
for the Northeast Sunset Flow is on the a5% confidence circle for the
Yavoah Flow in McKenzie Pass, Oregon, which lies between volcanic
units dated at 2883175 and 25501165 BP. For thre rwresent, this ace
range éppears to be the best age assignment that can be made from
the paleomagnetic data for the Northeast Sunset Flow. Because
its direction of magnetization is fairly close to the directicn of
the Kings Bowl Field at about 2400 BP and far from directions at about
2900 BP, we would guess that the true acge of the Northeast Sunset
Flow is in the neighborhood of 2600 yéars.

A preliminary map of the distribution of 2000 to~2600 year‘oid
1avas on the Snake River Plain is shown in figure 9. Previously
published 1hg ages, our preliminary paleomagnetic ages, and sirat-
jgraphic relationships of flows in the dqateré of the Moon Field
observed by Lefebvre (21) have been utilized to construct this map.
Lavas in the 2000 to~2600 BP age group occur in'all 3 lava fields
along the Great Rift and in the Hells Haif Acre Field., The éxposed
Holocene lava in the Wapi Field essentially constitutes one large
flow (20). The same is true, so far as we know, éf the Hells Half

Acre Field. A comvlex sequence of flows is present, however, in the



Craters of the Moon Field.

The lowest stratigraphic units now recognized in the 2000 to
2600 year old lava sequence in the Craters of the Moon Field are the
Carey Tongue, which extends to the southwest of the Great Rift, and
the Northeast Sunset Flow, which flowed northeast from the Rift.
Younger flows, for which no ages are yet available, locally overlie
the Cafey Tongue. The largest of these, the‘Minidoka Tongue, is a
great sheet of lava in the southern part of the Craters of the Moon
Field, which is comparable in area to the Wapi and to the Hells Half
Acre Fieids. These undated lavas are overlain, in turn, by the
Rattlesnake Butte Flow, dated at 2080185 BP, and probably by the
“atchman Flow, dated at 214060 BP. In figure 9, we have tentatively
nlaced the undated flows of intermediate stratigraphic vosition into
the 2200 to 2400 vear age category, which includes the iavas of the
Wapi, Kings Bowl and Hells Half Acre Fieldé. Paleomarnetic and.;ther
studies are needed to test this suggestion. Lavas assigned to the
age range 2200 to 2000 BP occur along the northern part of the Great
Rift. They overlie both the Northeast Sunset Flow and the undated
flows of intermediate stratigraphic position,

In addition to the lavas assigned to the 2000 to~2600 vear age
group, 8 other Holocene lava flows on‘tge Snake River Plain have
been sampled and their directions of magnetization measured. Mean
directions for 5 of these flows form a remarkablé tight cluster
(fig. 10), which suggests that they may be closely related in age.
Thus another, earlier episode or pulse of volcanism on the Snake
River Plain may be represented by these lavas. Although the cont?ol

from dated lavas for the secular variation of the geomagnetic field



in the Holocene is not yet adequate to date these 5 flows with any
confidence, one possible time interval within which some or all of
these flows may fit is suggested by the available data. Their mag-
netic directions are bracketed by the directions of the Dotsero Flow,
Colorado, dated at 41501300 BP, and the Hackleman Creek Flow, Oreron,
dated at 3850X215 BP. Among the 5 undated flows, the Grassy Cone
¥low, which has a magnetic direction close to that of the Dotsero
Flow (fig. 10), vields & 62° isocline paleointensity of 0.70 Oe,
somewhat higher than that obtained from Dotsero (fie. 6). 4 fair
determinétion of paleointensity from the "Fingers Butte' Flow of
0.44% Oe is far below that from Dotsero. Until further work is done,
the p;ssibility remains that the clustering of observed magnetic
directions is a coincidence. ‘

The 5 lava flows with tightly clusered directions are in widely
separated areas of the Snake River Plain (fig. 11). Three of these
flows, Grassy Cone, "Fingers Butte", and Kimama, are pahoehoe flow
units in the Craters of the Moon Field which lie stratigraphically
below the 2000 to~2600 year old lavas (21). Inferred paths of flow
and source areas for these 3 flow units are shown in figure 11. Two
of the 5 lava flows are thoucht to constitute the bulk of the Cerro
Grznde and Shoshone-Fields. =

At least one fairly well defined pulse-of volcanism occurred in
the eastern Snake River Plain during the Holocene; it may have been
préceeded by other major pulses. Lavas erupted during the time inter-
val from ~2600 BP to 2000 BP covered about 2000 scuare kilometers on

the Snake River Flain. Several tens of cubic kilometers of basalt

erupted along the Great Rift in this time period, the bulk of it along
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the northern part of the Rift, in the Craters of the Moon Field.

An unpublished aeromagnetic anomaly map prepared by the U.S.
Geological Survey shows é magnetic high localized over the northern
vart of the Great Rift. A ;mall number of available gravity mensure-
ments suggests that a moderate negative eravity anomaly also occurs
along this part of the Rift. These anomalies may simply reflect mar-
netic and density contfasts in rocks that underlie the lavas of the
Snake River Plain. On the other hand, the aeromaznetic anomaly mircht
also be caused, in vart, by intrusions of basalt associated with the
voluminous late eruntions. A swarm of dikes aloné the Rift, the uover
narts of which had cooled belowlthe Curie temperature, could contribute
to thé observ~d aeromagnetic anomaly. A negative gravity anomaly, if
it is related at a2ll to the volcanism, could be nroduced bv a substant-
izl body of magma at greater depth. In view pf the evidence for extru-
sion of large volumes of lava within the iést few thousand years, study
of the northern part of the Great Rift from the standvoint of potential
reothermal resources seems warr;hted.
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Figure 1.

Firure 2.

Firure 3,

Ficure L,

Firure 5.
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Tigure 7a.

7b.

Fieure 8.

Cantions for Illustrations

Mao of western United States showing distribution of
Cenozoic volcanic rocks.

Map of western linited States showing distribution of dated
Holocene voicanic units which were samnled in this investi-

cation.

Secular vzriation of the direction of the geomarnetic field

'in western nited States, 7000 vears BP to the rresent. Ares

are in radiocarbon years, excent for dendrochronoloricul ace
at 886 BP. Boxes around data pcints revresent estima‘ed
errors. Jidths of boxes are 95% confidence limits for
declirnatiop,and inclinationy; heirhts of boxes are stated
errors of C determinations.

Saturation magnetization versus term-ercture curves for 2
samples of Holocene basalt. Ordinates are saturation magnet-
ization normalized to initial saturation magnetirzation at
room temverature,

Thellier diagrams for 2 samples of Holocene basalt. Ordinates
are vartial natural remanent macretization normalized to
initial natural remanent marnetization; abscissas are rartial
thermoremsrnent magnetiza*ion acaonired in leboratorv field of
0.50 oersted, normalized to initial natursl remanent marnet-
ization. Temperatures, in degrees C, at which partial demag-
netization and rartial remagnetization have been done are
shown by leaders.

Secular variation of the inptensity of the reom-gnetic field,
7000 vears BP to the vresent. Ages are in radiocarbon vears,
excent for dendrochronolor%&al ape at 886 BP. Vertical error
bars are stated errors of C determinations., Data voints
based on duplicate determinations of raleointensity are
indicated bv a 2 with a leader, :

(above) Mosaic of LANDSAT images of ezstern Snake River Flain.
Holocene volcanic rocks can be recognized as irregular dark
ratches.

(below) Map of eastern Snake River Plain showing Holocene
volcanic fields, and the Great Rift. -

Stereogranhic equal area projéctiions showing direction of

the geomagnetic field in northwestern United States between
2990+300 and 1495i4§0 BP. In figure 8a (above), mean
directions for 10 C dated lava flows are shown by points,
surrounded by circles which indicate the 95% confidence limits
for each mean.,;The number by each direction is thne central
value for the C are; underlined numbers are for dated flows
on the 5nake River Flain. Curve with arrow is inferred path
of the magnetic vector for northwestern United States. In



Figzure 9.

~ure 10.

[wN

Figure 11.

figure &b, estimated radiocarton time voints on the marnetic
vector path are shown by tick mark- for each 100 vears. Mean
directions with 95% confidence circles are shown for undated
lava flows on the Snake River whose ages are inferred to lie
in the ranre 2A00 to 2000 BP.

Frelimainary map of eastern Snake River rlein showing distrib-
ution of -ava flows with ages between 2000 and about 2600
vears BP., Paleomarnetic samvle localities are shown with
solis circles, feor %C dated flows, and with onen circles 1L
for flcws dated Ly mnaleomaznetism. Central values of the C
ares are shoewn Tor each of the 14¢ dated flows.

Stereograrhic ecual area vrojection showing tisghtly clustered
directions of marnetization of 5 undated lava flows on the
Snake River Flain and the directions of 2 14C dated lava 14
flows. Underlined rumbers arc the cerntral values of the C
ages of the Dotsero Flow, Colorado (47150) and tlhe Hackleman
Creek TI'low, Oregon (3250), which may bracket the ages of

some of the undated flows.

Map of eastern Snake River Ilain showing distriobution of
undated lava flo-s with tightly clustered directions cof
magnetization. Paleomagnetic samvle localitieg are shown
as open circlies. Ages of some of these lava flows may fall
in the arproximate interval 4150 to 3850 BP.



