GROOVED LAVA IN THR CROSS-SECTION
OF BIG CRATERS, IDAHO.

ROBERT L. NICHOLS axp CHARLES LK. STEARNS.

ABSTRACT. The surfaces of many thin flows interbedded with the pyro-
clastic material of Big Craters, Craters of the Moon Nutional Monuinent,
Idaho, are grooved, striated, pock-warked, and covered with shark’s-tooth
projections,

These features in most cases resulted from the falling or rolling of hlocks,
bombs, and lapilli outo the surfuaces of molten flows. ‘They indicate that
there were periods during the growth of the cone, when there was simul-
taneous extrusion of lava and pyruclastic material,

However, oue vuterop of grouved luva was found in which the Rrooves
probubly resulted from the sliding of solid material onto the soft surface
of a flow,

INTRODUCTION.

AT several places grooved und pock-marked lava was found

in the cross-section exposed on the inner wall of Big Cra-
ters, Craters of the Moon National Monument, Idaho, Some of
these grooves have been formed by the bombardment of molten
flows by blocks, bombs, and lapilli. This mechanism for the
formation of grooved lava has not been previously described,
and, as grooved lava has never been described from the cross-
section, it is thought that these features merit deseription. The
field study was made in the sumumer of 1938 during a brief visit
to the Craters of the Moon National Monument. The writers
gratefully acknowledge the cobperation of the oflicials of the
Monument and the field assistance of Mr. Charles E. Baker of
Tufts College. Thanks are also due to Prof. Kirk Bryan

of Harvard University for help in the preparation of the
manuscript.

DESCRIPTION GF BIG CRATERS.

Big Craters' is a group of three craters located in the Cra-
ters of the Moon National Monument, Idaho (Fig. 1).

The cone is 300 feet high and the largest and deepest crater
is about 100 feet decp.  As it is barren, it is obviously of very
recent date (Plate I, Fig. 1), It is composed chiefly of uncon-

Stearns, H. I' “Craters of the Moon National Monument Idaho,” The
Caxston Printers, Lud., Caldwell, Idalo, p- 13, 1956, See also Stearns, H, T,
Crendall, Lynn, and Steward, W. G.: “Geology and Ground-Water Re-
sources of the Snake River Plain in Southeastern Idsho,” U.8.G.S. Water-
Supply Paper 774, pp. 94-100, 1565,
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solidated, loosely packed cinders with occasional interbedded
basaltic flows ranging from a few inches to several feet in thick-
ness.  The flows have been exposed in cross-section on the jnner
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Fig. 1. Road map of the northwest portion of Craters of the Moon
National Monument, showing the position of Big Craters with respect to
some of the other features of the Monuwent,

wall of the crater by crater enlargement ; they have been ex-
posed in plan by natural and artificial removal of the loose
cinders which covered them.
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MOLTEN LAYA GxOOVED BY THE IMPFACT OF PYROUCLASTICS,

Description.

Grooves were found in several places on the surfaces of lows
exposed in cliffs on the west side of the southern part of the
inper crater wall. These thin, narrow, vesicular flows which
ran down the slope of the cone dip outward from the criter st
angles up to 25° (Fig. 2).

The grooved lava stands cut in sharp contrast to the non-
grooved surfaces. The grooves vary from the finest scratches
to furrows three and four inches deep. They are subparallel
&nd run very nearly up and down the criginal slope of the flows,
Many die out, with others takiag their place. A bench about
four feet deep and cight feet wide, which is covered with grooves,
is shown in Plate I, Fig. 2, und Plate 11, Fig. 1. The bench was

- exposed by removal of the more or Jess loosely packed cinders
and bombs that covered it. The grooves were traced for about
four feet across the bench and were observed to pass under the
ciuders. In many places individual grooves and furrows stop
suddealy at fragments imbedded in the flow. In each case it
was found that there is & perfect correspondence between the
shape and details of the furrows and those of the fragment
against which they terminate. The furrows are always on the
up-slope side of the fragments. On the down-slope side the
flow is usually clevated into a bulge peripheral to the fragment
as if it had been plowed or pushed up by the fragnient (Fig. 2).

The grooved surfaces are in places covered with pockmarks
a few inches in dianieter and an inch or two in depth.  In some
of these pockmarks cinders were found which fitted them per-
fectly (Plate II, Fig. 1). These pockmarks are obviously the
result of cinders falling on a flow that was still liquid.

The grooved surfaces are &lso covered in places with shark’s-
tooth projections.* These projections point up the dip slope
and may stand us much us one inch sbove the grooved surface.

Urigin.
These grooves and shark’s-tooth projections could not have
been mad¢ in solid and brittle lava. They were formed when

* Nichols, R. L.: “Surncial Banding and Shark's-Toolh Projections in the
Cracks of Baseltic Lava,” This Journal, Vol Z87, pp. 191-1%2, 1939. See
also Stearns, H. T.: “The Keaiwa or 1523 Flow from Kilauca Volcano,
Hawaii,” Jour. Geol, Vol, B4, p. 848, 1926.
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26 Robert L. Nichols and Charles E. Stzarns—Grooved
solid materizl scraped and plowed across the surfaces of still
liquid flows. That they were forzied by many small fragments
rather than by a single fragment is proved by the following
fucts: (1) The arca of the grooved surface, shown in.Plate I,
Fig. 2, and Plate 11, Fig. 1, is so great that the impact of sev-
eral fragments would be necessary to formn these grooves. (2)
The grooves are subparsllel and often converge. 'This would
be difficult to explain in terms of one fragment. (3) Indi-
vidusl furrows often terminate against individual fragments,
the impacts of which were obvicusly respensible for the fur-
rows. (4) The existence of several widely separated grooved
surfaces obviously demands at least one fragment for the for-
mation of each grooved surface.

The fragments that formed the grooves and shark’s-tooth
projections were pyroclastics ejected from the vent of Big
Craters &s is indicated by the following facts: (1) The grooved
suriaces are buried by pyroclastics. (2) As the pockmarks
resulted from the impact of pyroclastic fragments on the soft
fiows, it seems reasonable to conclude that the grooves were
formed by the same mechsnism. (3) There is a perfect corre-
spondence between the size and shape of the furrows and the
size and shape of the pyroclastic fragments against which some
of them terminate. When the angle of incidence of the frag-
wents onto the lava was high, pockmarks were formed; when,
however, the angle was low, grooves were formed. As these
fragments are now fcund ia basins on the flows, they appar-
ently depressed the flows isostatically wfter coming to rest
(Fig. 2). These pyroclastics were either ejected directly from
the vent onte the soft fiows, or fell on the outer slope of the
cone and then rolled, bounced, and ricocheted down onto them.

If the pyroclastics were projected from the vent directly
onto the flows, the grooves would be subparsllel, as the frag-
ments coming from different parts of the vent would have
slightly different psths. The angle between grooves is a func-
tion of the length of the vent at the time of their formation,
the distance of the grooved surface from the vent, and the angle
between the long axis of the vent and the paths of the pyro-
clastics. The smmaller the vent, the greater the distance of the
grooved surface from the vent, and the more nearly parallel the
long axis of the vent to the paths of the fragments, the smaller
the angle between the grooves. The rotation and shape of the
fragments would also be factors controlling the angle between
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grooves. If, on the other hand, the fragments rolled down onto
the flows from above, it is obvious that the grooves would also
be subparallel.

The fragments that fonned the grooves shown in Plate I,
Fig. 2, and Plate II, Fig. 1, moved from left to right, that is,
down the slope of the flow, because (1) The shark's-tooth pro-
jections poiat from right to left, indicating thet the fragments
moved from left to right® (2) The grooves are to the left of
the fragments against which they terminate. (8) The lava
pushed up in front of the pyroclastics is always on the right-
hand side. (%) The length of individusl grooves is too great
to huve been formed by fragments moving up the Z5° slope of
the fow. This.would have been the case if the fragmeats had
woved {roia right to left. (&) At the preseat time, the crater
is to the left of the grooved surface and the structure of the
cone indicates thut this was the case when the grooves were
formed. As the fregment: which formed the grooves were
ejected from the crater, it is obvious that they must have
moved from left to right.

As the flow wus extruded from a vent to the left of the
grooved surface (indicated by the attitude of the flow) end &3
the pyroclastics that formed the grooves also came from the
left, obvicusly they were both extruded from the seme vent,

This type of grooved lava indicales that pyrocleatics wnd
lava flows were extruded, practically simultancously, from the
same veat during many stages in the growth of this cose. The
simultancous extrusion of pyroclastics end lava flows from the
same vent has, of course, been observed riany times in the erup-
tions of active vcleanoes.

BEQUENCE OF XVENTS.
The sequence of events for this part of the coue 1s (Fig. 2):
1. Extrusicn of a flow.
2. Flow grooved by the lmpact of pyroclastic fragments.
(Time iuterval involved in stages 1 and 2 is small.)
Deposition of additional pyroclastic material.
Lxtrusion of a flow.
Flow grooved, pock-ruarhed, and covered with sherk’s-
tooth projectionis by the impact of pyroclastic Irug-
ments. (Thne interval involved in stages & and § is
small.)
*Op. cit, pp. 101-182,
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6. Deposition of additionsl pyroclastics.
7. Extrusion of a flow.
8. Enlargement of crater exposing the preseat cross-section.

LAVA GROOVED BY BLIDING FRAGMENTE.
Deacription.

Grooves were found, on the east side of the southern end of
the inner crater wall, which had not been formed by the impact
of pyroclastics. They were found on the bench shown in Plate
1, Fig. 2. The bench is about ten feet long, st most three fect
wide, and is formed by a flow about six inches thick. There are
three kinds of surfaces on the bench: a grooved surface, a
sraoothed surface, and & vesicular surface such as is common on
fresh bassltic flows (Plate III, Fig. 1). These grooves are
finer in detail and shallower than those formed by the impact of
pyroclastics. They are parallel and extend across the full
width of the bench. Superimposed upon these grooves, and in
part destroying thew, are a few shorter, rougher grooves,
shark’s-tooth projections, and pockmarks, which were formed
by falling pyroclastic fragments. The best grooves were found
on a separate block (Plate 111, Fig. 2) that had broken from
the bench. The grooves dip into the crater wall at an angle
of about 7°, although the surface of the flow itself has & dip of
ubout 25°. The grooved flow is buried by thin flows and pyro-
clastic material (Fig. 3).

Ongin.

The marked paralielism of these grooves suggests that they
were formed by one fragment. The area of the grooved sur-
face seems to be too great to huve been formed by any fragment
hurled from the vent. The shallow depth of the grooves sug-
gests that they were not formed by & fragment that fell or
rolled onto the flow. Furthermore they resemble grooves that
Nichols* has shown were formed by the scraping of fragments
across soft, viscous lave. In view of this it seems likely that
these grooves can best be explained as formed by & single large
fraganent that slid across the flow while the flow was still soft.
In general one would expect grooves formed in this way to be
parallel with the slope of the flow. That this is not the cuse

* Nicholg, R. L.: “Grooved Lavs,” Jour. Geol,, Val. 43, pp. oCo-614, 1884,
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at the present time may be due cither to an oblique motion of
the sliding fragment with respect to the slope of the flow or to a
later chiange in the attitude of the flow. The vesicular surface
is a portion of the flow untouched by the sliding fragment, and
the smoothed surface an area where the slidiog fragment passed
over the soft lava but did not groove it. That the flow was
smoothed rathier than grooved may have been due to the physi-
cal characteristics of the flow or to the nature of the undersur-

face of the fragment.
)

BIG CRATERS, CRATERS OF MOON NAT. MON. lDAHO
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Fig. 4. Diagrammatic cross-section of the inner crater wall where the
grooved lava formed by a sliding fragment was found.

GROOVFA ON THE BOTTOM OF FLOW Il A.
¥low I and Flow I1 A (Fig. 3) are siniilar in size, thickness,
and physical characteristics. They are in close contact in most
places, although here and there sinall cavities are found between
them. The bottom of Flow II A is also in part marked by
grooves, These grooves occur on that part of the undersur-
face of Flow II A which forms the roof of a small cavity imme-
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diately down slope from & rough protuberance on the surface
of flow 1. They were formed apparently whea Flow II A failed
to close in around the down slepe side of the rough protuber-
ance aiter having passed over it.

Thesce grooves dip away from the crater xt zbout 7", Since
grouves formed by this mecheniam would normellv be wure or
less parallel to the dip slope of 2 flow, the present 257 dip of
the fiow is probably the result of movement that followed the

formation of these grooves.

SEQUENCE OF EVENTS.

The sequence of events for this part of the cone is (Figs.

3 and 4): :

1. Deposition of pyreclasties.

2. Extrusion of Flow 1. _

g. While Flow I was still liquid it was grooved aud smocthed
by = largetlock that elid acrcss itdsurface.

4. Fonnetion of pockmarks and smsll grooves Ly the im-
pact of pyreclastic frugments. (The time isterval in-
volved in stages 2, § and 4 must have been small as the
fHow is thiu and thereflore cooled repidiy.)

5. Extrusion of Flow Il and I{ A.
6. Leposition of pyroclestica.
. BExtrusica of ¥low I11.

) -1

8. Deposition of pyroclastics which built up the cene to
about its present heizht.
Sk , ; .

8. Zulargemcnt of erater, expusing the preseat cross-section.

Fiow 11 A was prebelly displuced some time following its
extrusion. This movement may have beea responsible for the
eclargement of the crater. That the sequences of eveats for
the west and east sides of the southern part of the crater are
different is of course what would Le expected.

P vy I .
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Mevroxn, MaesClUsETTS.




