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THE TRAVERTINE DEPOSITS OF THE ARBUCKLE MOUN-
TAINS, OKLAHOMA, WITH REFERENCE TO THE
PLANT AGENCIES CONCERNED IN THEIR
FORMATION.

INTRODUCTION.

STATEMENT OF THE PROBLEM.

The history of travertine is the history of a vast series of.
geographical changes, Geologically speaking, travertine is a rock
of recent formation. The assertion that the present is the key to the
past,.in a wide sense, applies to a knowledge of travertine. We can
expect to interpret the past where so much is obscure, imperfectly
preserved, or not preserved at all, only in proportion as we understand
the present where everything is open to investigation.

The history of travertine includes the general successive stages
from the earliest beginnings of its existence, through its various
periods of development, down to the present condition of things. In
fact, the evolution of travertine involves a number of complicated
processes which are better understood as we trace out the origin of
the materials and the consecutive steps by which the materials have
been conveyed into their present form and position.

One of the more important deposits of travertine in America
is to be found in the Arbuckle Mountains of Oklahoma. At present
there is a continuous development of travertine falls along two parallel
streams, namely, Honey Creek and Falls Creek. These streams are
fed from the underground,waters of.large springs. Many years ago
the calcareous waters of these same springs probably supplied the
mineral constituent of certain other isolated and widely distributed
deposits, the presence of which indicates that large areas were formerly
covered by travertine. These deposits must have had their origin at
one time in the immediate vicinity of waterfalls, larger in size than
those which are now present. . The greater amount of the travertine
formed during the past centuries was removed by differential erosion
and consequently has had an important role in determining certain
salient characteristics of the local topography. The data obtained
from a study of the travertine that has escaped erosion, and the data
obtained from observations of the travertine now developing in
various places indicate clearly that certain plants and plant processes
may be concerned in the deposition of this mineral. To the scientist
the results of this investigation suggest two important problems:
(1) the geological history of this travertine, and (2) the relation of
certain plants to the formation of travertine and the older deposits of
similar composition which are widely distributed throughout this
region. : '
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DEFINITION OF TRAVERTINE AND ITS SYNONYMS

Before taking up the geological history of travertine, in order
to make clear the use of different terms in the discussion to follow,
it will be necessary to define the various terms that are often used
synonymously with travertine. ‘

Travertine is deposited from the water of springs or streams
holding. calcium bicarbonate in solution, as white, gray, or hrown
concretionary calcium carbonate with a very cavernous and irregulariy
banded structure, soft and chalk-like~ to hard and crystalline, often
containing fossil leaves, twigs, ahd mosses. The word travertine is
derived from the Italian travertino, a corruption of tiburtino—Tatin,
lapis tiburtinus—the stone of Tibur. The city of Tibur, the modern
Tivoli, is situated west of the Sabine Mountains near Rome on the
river Teverone, Latin Tiberinus or Anio. At this city are the cele-
brated falls known as the “Cascatelle’ where immense deposits of
travertine have formed in that portion of the river which passes
through the city.

A miore ancient term for travertine is Tufa, which comes from
the Latin tophus, and which was used by Vergil and Pliny in the
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same sense as the word travertine of the modern Italians. Tufa is -

a cellular variety of calcite in which the mineral matter has been
deposited from the waters of calcareous springs around nuclei of
“algae, mosses, leaves, twigs, and other plant structures.

Frequently, too, the word travertine is used for materials such as
Stalactites, the calcareous cylinders that hang from the roofs of
limestone caverns, and Stalagmites, the same material covering the
floor of limestone caverns. The water that drips "through the roof
or sides of the cavern holds a small amount of calcium bicarbonate
in solution and leaves calcium carbonate to form the stalactites or
stalagmites when evaporation takes place. The chemical composition
of travertine is essentially the same, but in this case the deposition
occurs only in springs or streams, whereas, stalactites and stalagmites
occur only in limestone caverns. There are certain differences in
the way in which the calcium carbonate is precipitated in these two
}(inds of deposits and these differences will be considered in detail
ater.

Anothér term which was used by Weed (’88) indiscriminately
with travertine is Calcareous sinte a concreted calcium carbonate
of various forms and composed of a series of successive layers, concen-
tric, plane or undulated, and nearly or quite parallel. In its -original
sense, the word sinter, from the German sinter, meaning dross of
iron, implies an initial process of heating before the deposition takes
place but without a melting of the mineral. The deposits formed in
the immediate vicinity of hot springs may be correctly termed sinter.

Another term which is applied to a great variety of rocks and
soils with a considerable range of composition is Marl, from the old
French marle—Latin marga—a kind of earth or a calcareous clay, a
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mixture of calcium carbonate, and argillaceous matter. The typical
marls are soft and friable, of a white, gray, or brownish. color, and
are deposits formed in shallow lakes or open pools.

All of these different types of calcareous deposits, with the
exception of sinter, are to be found in the Arbuckle Mountains.
Stalactites and stalagmites are of frequent occurrence in the caves,
but the amount of marl that is developed is relatively insignificant in
this region.
) -REGION STUDIED.

GENERAL STATEMENT.

The Arbuckle Mountains, in which are included important deposits
of travertine, are located in the south-central part of the State of
Oklahoma. These mountains cover a triangular area approximately
35 miles on each side, with a fifteen mile arm extending westward
from the southwest corner. This latter area, the Garrison plateau,
bounded by the villages Hennepin, Wioodford, Crusher, and Davis,
and named after Garrison Creek, is the region in which the greater
part of the present investigation was undertaken. The general name
of Arbuckle Mountains is locally applied to this plateau which varies
in eléevation from 800 to 1,400 feet above sea level, or 100 to 500
feet above the bordering plains. It consists largely of limestone
rock-prairies which along their margin gradually merge into an
irregular series of low rounded hills with narrow and shallow ravines.
Along with the change from hills to valleys there is a change in the
nature of the flora and frequently this change coincides with differences
in the surface formations.

ECOLOGY.

The weaker formations that develop shallow valleys, such as the
Woodford chert of the Devonian or Mississippian, the Sylvan shale of
the Silurian, and the Simpson formation of the Ordovician, together
with the Reagan sandstone of the Cambrian, and granite-porphyry of
the pre-Cambrian—of the east and west timbered hills—are all covered
with a growth of shrubs and trees. In the narrow creek valleys and
canyons which have developed in the Franks conglomerate of the
Carboniferous, the Viola limestone of the Ordovician, and the Arbuckle
limestone of the Cambro-Ordovician, trees appear on the alluvial
deposits but rarely on the upland surfaces.

Aside from these evident differences in the vegetation, the various
geological formations can be differentiated in part by the presence
or absence of certain species of plants. A number of plants are more
or less indifferent in regards to the substrata on which they grow, but
certain other species appear either omssilicious or calcareous formations
to which they seem to exercise a decided preference. The forest trees
of the granite-porphyry formation consist largely of the black jack
oak (Quercus marilandica Muench.), with a small percentage of post
oak (Quercus stellata Wang.) ~On the Reagan sandstone the same
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oak trees occur with other species in addition, but the proportion in
nunibers is just the reverse, that is; the post oak predominates. Other
species of plants, which in this region are limited to the granite-
porphyry areas, are: the buckthorn (Rhamnus caroliniana Walt.),
the wild sweet pea (Cracca Virginiana L..), the butterfly pea (Clitoria
mariana L.), large-bracted wild indigo (Baptisia bracteata Ell.), and
(Chaetopappa asteroides DC.), A point of interest in the distribution
of these plants is that the species Baptisia bracteate Ell. is found
only on the granite-porphyry, wheréas blue false indigo (Baptisia
australis (L.) R. Br.) occurs indifferently on all the various formations
In following out the selective appearance of trees to the Arbuckle
limestone, it is found that along the smaller streams, pecan trees
(Hicoria pecan (Marsh) Britton) and the black walnut (Juglans
migra L.) are as frequent if not more so-than the various species of
oaks. ' :

In addition to forests, savannas occur on the Arbuckle limestone,
especially in certain areas of the more crystalline rocks with the
occurrence of the woolly buckthorn (Bumelia lanuginosa (Michx.)
Pers.), the black oak (Quercus nigra L.), smooth sumac (Rhus glabra
L.), and illscented sumac (Rhus trilobata Nutt). In a few places there
develops a typical orchard savanna consisting only of the southern
buckthorn. The savanna of the Franks conglomerate is characterized
by such plants as the red cedar (Juniperus virginiama L.), the
persimmon (Disopyros virginiana L.), the black oak (Quercus nigra
L.), smooth sumac (Rhus glabra L.), black sumac (Rhus copallina
L.), and illscented sumac (Rhus trilobata Nutt.). The savanna of
the upper Viola limestone consists principally of the Chickasaw plum
(Prunus angustifolia Marsh), the hop tree (Ptelea trifoliata 1..), the
black oak (Quercus migra 1..), and illscented sumac (Rhus trilobata
Nutt.).

The transition from a savanna to a prairie often coincides with

a minor change in the substrata. The rock prairies comprising the

greater part of the Arbuckle limestone, Franks conglomerate,- and
the middle Viola limestone, are covered with a comparatively uniform
flora. The principal grasses are: the ‘plume grass (Erianthus
saccharoides Michx.), the long awned aristida (Aristida longiseta
Steud.), Bermuda grass (Capriole Dactylon (L) Kuntze),. soft-
leaved prairie grass (Panicwm malacophyllum Nash), and the buffalo
grass (Bulbilis dactyloides (Nutt.) Raf.), the sppecies of mesquite grass
and the tall gamma grass (Antheropogon cuwrtipendulus (Michx)
Tourn.), were found only on the Arbuckle limestone prairies. The

principal herbaceous plants that are widely distributed over the prairies .

of these formations are: the chickweed (Arenaria texana (Robinson)
Britton), wild flax (Linum Lewis Pursh.), and (L. rigidum Pursh.),
(Phyllanthus caroliniensis Walt.), (Croton Lindheimerianus Scheele),
the cacti (Opuntia macrorhiza Engelm.), and (Echinocereus caes-
pitosus Engelm, and Gray), milkweed (Asclepidora wviridis ( Walt.)
A. Gray), (Evolvulus pilosus Nutt.), (Heliotropium tenellum (Nutt.)
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Torr.), resinous skullcap (Scutellaria resinosa Torr.), Venus'-pride
(Houstonia angustifolia Michx.), (Tetreneuris linearifolia (Hook.)
Greene), and wavy-leaved thistle (Cirsium wundulatum (Nutt.)
Spreng.).
GEOLOGICAL HISTORY
The plants which have been listed above, in the course of time,

have been aggregated into definite plant groups or societies. The

differences existing between the various plant societies is due mostly
to variations in the physico-chemical properties of the exposed
geological formations. These rock masses vary in thickness and extent.
Owing to the very nature of their origin, the geological record of the
different formations is necessarily fragmentary, and further, has been
obscured by the revolutions of successive ages. FEven where the series
of changes are continuous they are of unequal value in different
places. In one case there is an unbroken succession of deposits many
thousands of feet in thickness from which, however, only a few
meagre facts of its geological history can be obtained. In another
instance within the space of a few yards there is evidence of a varied
and complicated series of changes in physical geography, as well as
an abundance of fossils. The variation of over 10,000 feet of Paleozoic
sediment, chiefly limestone that rests unconformably upon pre-Cambrian
granite-porphyry, is due in part to the differential erosion and deposition
which took place in this region during the Paleozoic era.

Some time after the early Paleozoic sediments had been laid down
in an ancient sea the Arbuckle Mountains emerged and were uplifted
to mountainous altitudes during the late Carboniferous period. The
Paleozoic strata were successively exposed to erosion and base-leveled
in common with the great Appalachian province east of the Mississippi
River. Before the close of the Carboniferous period these strata
either by erosion or subsidence or both were partly submerged and
a late Pennsylvanian conglomerate was ‘deposited upon their eroded
surfaces. Both folding and faulting followed the deposition of the
conglomerate, and continued up to the Permian period.*

During the Jurassic and Triassic periods, a long interval before the
existence of the Comanchean sea, the Arbuckle Mountains were reduced
almost to a flat plane, or peneplane. Cretaceous deposits were then
laid down upon the submerged leveled surface. At the close of the
Comanchean, late Cretaceous, or early FEocene periods, part of the
streams were rejuvenated and the Cretaceous strata were removed over
large areas. This erosion cycle terminated in a partial base-level in
the Miocene age, but the superior hardness of the underlying rocks -
has resulted in the preservation of the exposed strata as a low plateau
inn the central part of the mountain group, whereas the bordering areas
have been eroded to a lower level. This erosion cycle was interrupted

*Reed, C. A, ("10): A report on the geological and mimeral resources
of the Arbuckle Mountains, Oklahoma, Okla; Geol. Survey Bull. No. 3, pp.
1-69, Pl 1-23, 1910. .
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by another but differential uplift during the Pliocene age in which
only the western part of the plateau was raised to a higher elevation.
The streams were again rejuvenated and their development continued
in common with the development of the broad valley of the Washita
River during the Pleistocene age. That period of time beginning with
the Pleistocene age and continuing up to the present is the period
more particularly concerned in the history of the travertine of this
region. '

GEOLOGICAL HISTORY OF THE TRAVERTINE DEPOSITS.

DEPOSITION OF THE MATERIAL.

The deposition of the travertine thaf is now present in the
Arbuckle region began soon after the removal of the -Cretaceous
strata and the consequent exposure of the underlying Paleozoic rocks.
During the Pleistocene age the surface of the Garrison plateau was
radially dissected by short streams with small flood-plains, rapids,
and waterfalls. All of these youthful streams have a steep gradient
wherever they flow over the limestone formations. The limestone
is always found in layers varying from a fraction of an inch to many
feet in thickness; in other words, there is a rough and incomplete
stratification in the limestone as if it were a book, the leaves of which
had stuck very closely together. The strata of these rocks readily
split along these lines which are parallel with the bedding.

The position of the layers of rocks which constitute the bed of
the streams is infinitely diverse. Sometimes they are tilted up vertically,
sometimes horizontally, and again curved into wide channels. Wherever
the streams flow through tilted strata, invariably they follow the
strike; that is, they flow in the direction of a horizontal line parallel
with the bedding. Where travertine dams occur the streams flow at
right angles to the strike. With the exception of Eight Mile, Falls,
and Honey creeks, all of the other streams which have their origin
in this plateau are intermittent at least three months of the year.

In the intermittent streams and most places where seepage occurs
only a small amount of travertine is found, and this is usually carried
away . by erosion as fast as it develops. The extensive deposits of
travertine along incessant streams, especially Honey Creek and Falls
Creek, indicate that in certain places the local topography has recently
experienced a series of important changes. Certain of these changes
were due to the development of travertine that attained its maximum
period of growth in the construction of a number of falls, the
largest .varying from 60 to 100 feet in height, and from 300 feet to
nearly a half-mile in width. The falls, however, were subjected to a
period of erosion in which the rapid streams in times of food cut
through the soft deposits to a level lower than the original base of
the travertine.

But in spite of the continued erosion, the formation of travertine
continued with the building of a second series of smaller dams, attaining

PLATE 1.

RECONSTRIUICTION OF THRE ORTIGINATL TURNER FALT.S.
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a maximum height of 12 to 20 feet on Falls Creek, and 55
feet at Turner Falls on Honey Creek. The termination of the second
construction period began about 67 years ago ( 1850), at a time when
a gradual but slight erosion put an end to further development. This
series, however, was followed by a third period which continues up
to and includes the deposition of the new travertine.

Thus the travertine under discussion may properly be classified
by three more or less distinct periods, These periods do not represent
definite geological periods but only a convenient differentiation that
can be adapted to show the result of local physiographi¢ conditions.

TRAVERTINE OF THE FIRST PERIOD,

The deposits belonging to the first period of travertine formation
occur principally on Honey Creek (1) in sec. 36, T. 1 S., R. 1 E., at the
present site of Turner Falls; (2) at the head of one of the tributaries
of Honey Creek in sec. 2, T. 2 S, R. 1 E.; (3) at the head of Falls
Creek in secs. 32 and 33, T. 1 S., R. 2 E., and (4) a minor deposit
near the head of Owen Creek in section 33 of the same township a
half-mile south of Falls Creek.

RECONSTRUCTION OF TURNER FALLS.

Turner Falls is located on Honey Creek in sec. 36, T. 1 S., R.
1 E. In general, Honey Creek flows in a north-eastern direction, and
finally empties into Washita River. It is deep in places, too; has
a rocky or stony bed with sharp confining banks; and at times there
are vertical cliffs between whose bases the clear water glides in a
bubbling, noisy current. The stream runs swiftly and tufns in sharp
bends and angles, flashing light and color from its slowly undulating
surface. There are also rapids and falls at different places, and where
the bank turns sharply there .is frequently a deep pool on the one
side while on the other side we find rapidly running water.

. - The principal source of the water supply .is from three large
springs. During the rainy seasons a part of the water that falls on
the Arbuckle limestone prairie penetrates through the crevices in the
limestone strata, collects in subterranean caverns, and reappears from
beneath huge masses of rocks as springs. The cool and clear water
that issues from these underground sources holds in solution a small
amount of calcium bicarbonate and free carbon dioxide. The water
which does not sink through the fractured rocks is carried off as

surface water by a number of intermittent streams that empty into -

Honey Creek. Continuing from the limestone prairies, this stream
passes through the East Timbered Hills, over Reagan sandstone and
Colbert porphyry and then proceeds into a small shallow valley of
Arbuckle limestone., This valley rapidly narrows down into a deep
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&' - tHrough which the stream is carried headlong by means of rapids
and small waterfalls to the very end of the canyon, where there is a
sheer drop of 60 feet to the valley beyond.

All through this valley, and along the steep sides of the canyon,
there are large quantities of travertine. But the travertine of the first
period is-all above the present level of the stream bed. These deposits
are 60 feet thick immediately above the natural falls at the lower end
of the gorge, but as they extend back upstream for a distance of
150 yards they gradually diminish to only a few feet in thickness.
To properly understand the structure of the falls during the first
period of travertine formation, imagine this canyon filled to the very
top with the older deposits for a distance of 200 yards above the falls.
As the stream spreads out over the wide, elevated, and gently sloping
surface, it would be deprived of any great power of erosion. It
would gradually moderate in its flow to the edge of the inclined
plane where the resultant thin film of water would fall like a flimsy
spray for a distance of more than 100 feet into the deep pool in
the valley below. The singular features of this ancient waterfall are
vividly portrayed in the reconstruction on Plate I.

The details of this reconstruction are easily understood by a study
of the contours, or lines representing changes in elevation, as given
in the contour map (Plate II). At the edge of the falls the travertine
of the first period extended.from A to D and covered completely the
Turner Falls that are now present at B to C. The top surface of the
falls continued upstream to the point E, while that portion covered
by water in which calcium carbonate was deposited is represented by
the shaded sections of the map. That part of the travertine removed
by erosion is represented by the less shaded area.

An obvious effect of the unequal surface of the resistant Arbuckle
formation underlying the travertine that has escaped erosion is the
unequal distribution of the deposits on the two sides of the stream.
On the south: side the travertine does not extend half as far upstream
as on the opposite north side. This is due to the presence of a perpen-
dicular cliff of limestone from H to M and the small amounts of
travertine that may have been placed along its upper margin disappeared
with the removal of the ‘materials at the base of the channel. On the
opposite side, from C to N the limestone makes up only a few feet
of the 'base of the vertical wall facing the stream and the greater
part of the steep cliff consists of travertine overlying the Arbuckle
formation. The deposits are 60 feet thick at C, and from this point,
in the general direction of C to N, they gradually decrease in thickness,
and finally come to an end as soon as the elevation of the sloping
limestone attains the same height as that of the top of the canyon.

The travertine that formerly occupied the canyon was gradually
carried away many years ago by erosion. In times of flood boulders



CONTOUR MAP oF TURNER FALLS AND VICINITY.
ie:»
Q . S0 IC!)O S;:ch\'.; 300 40(3?'&%.

AN

% Traveriine. g Travertine removed by erosion.
PLATE II.
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from the granite-porphyry of the East Timbered Hills west of the
falls, without doubt, supplied a partl of the necessary tools for this
work. The water in itself had small power to cuf into the rock.
Where there is no motion there is no wear. The real -destructive
power of the water on the soft deposits was in the sharp cornered
boulders and gravel it could move, drive before it, and drag about
from point to point. It may have taken centuries of this grinding
and working in the water to produce a marked effect. In the stream
bed we still find evidence of erosion continuing on today. Traces of
wear are visible on the exposed surface of the travertine above the
present bed of the creek. The channel of this stream became deeper
as the fissures in the travertine and rock strata were pried open,
extended, and widened into open passages. The soft portions of the
_rock crumbled away, the harder portions at the sides remained intact,
the unwashed formation at the top was unaltered and the deep canyon
was the result. The erosion continued in the bed of the channel
until a part of the underlying limestone was worn away and finally
ceased for a lack of boulders and other tools of abrasion. The rocks
which fell into the water as boulders were ground to sand and gravel
before they had been carried very far down Washita River: But
in spite of the continuous erosion the travertine began a second phase
of construction,. '

RECONSTRUCTION OF PRICES FALLS.

The reconstruction of Prices Falls jpresents a more difficult -

problem than that of Turner Falls on the Arbuckle limestone. In
the vicinity of Prices Falls, travertine of the first period of formation
covered an area of more than 60 acres, the mineral being deposited
on four different formations that vary considerably from each other
in their physico-chemical properties and consequently. in the rate
at which they will disintegrate. A reconstruction of Prices Falls
appears on Plate III. This same region in its present condition is
represented by a contour map (Plate IV). The Prices Falls travertine
deposits at one time extended over the more or less rectangular portion
included in the points A, B, C, and D. The position of the travertine
now present is indicated on the contour map by a dark shading and
the less shaded areas represent the places from which the travertine
has disappeared. Also the boundary and extent of the different
exposed formations is shown by numbered lines. '

Immediately north of line 1 is Woodford chert; between lines
1 and 2 is the Hunton formation; between 2 and 3 is Sylvan shale;
between 3 and 4 Viola limestone; and south of line 4 is the Simpson
formation which ‘extends south and west beyond the shaded areas.
The lower edge of the reconstructed falls appears on the Viola lime-
stone, Sylvan shale, and the Chimneyhill limestone (a part of the
Hunton formation). - The total width of the falls from A to D—
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in outline very much like an inverted letter S,—is about four-tenths
of a mile, whereas the upper margin of the deposits from B to C is

. approximately one-half a mile wide.

There is a gradual decrease in elevation from the posterior
margin of the falls at point E, 958 feet, to the front margin of the
falls att H, 908 feet, or a difference of 50 feet, in a distance of three-
eighths of a mile. At the top of the falls, the travertine deposits. at
the points B, P, and E, are all of the same elevation or 958 feet, and
they are nearly the same in thickness, varying from 6 to 10 feet.
The points A and R are both of the same elevation or 930 feet. The
large area H, D, I, is almost level and approximates 908 feet in
elevation. The data obtained from the position and distribution of
these deposits alone would indicate that at the time when the stream
was flowing over the places mentioned above, the falls appeared like
the reconstruction in Plate IIT.

Most of the water from the original stream that extended from
B to C passed over the margin of the falls at G, D, I, after having
flowed over that part north of E which is now a broad and shallow
valley. Since part of the stream passed over the area north of E,
*he top of the falls was necessarily continued from B, P, and E,
rth to some point of equal elevation near C. The absence of any
extensive deposits of travertine near C may be accounted for by a
more active and lateral erosion to which this place was subjected since
it is on the outside curvature of the original stream.

But the strip of travertine on the so-called Table Mountain from
E to R serves as the key to the entire problem. Here the travertine is
of uniform thickness and was laid down on a section of Simpson
iimestone. There is a gradual change in elevation from one end of this
narrow surface of travertine at the point E or 958 feet to the other
end at R, or 932 feet. Similar deposits at levels corresponding to those
on Table Mountain, but between the points A to B and C to I, have
been removed by erosion and at the present time there are deep ravines
between these places. The fact that the travertine from E to R is of
uniform thickness and is lower at one end than at the other excludes
the possibility of reconstructing this area by means of a series of
narrow and connecting falls. The travertine at E R is in the center of
the regional distribution of the deposits and was not subjected to the
same amount of erosion as was the travertine on either side at the
time when the stream was cutting deeper channels.

This erosion began to remove the deposits accumulated on the
surface of the large falls simultaneously along two different routes.
It began at first south of line 2 near the point G, where a great part
of the Sylvan shale was undermined by seepage and easily washed
-away. Adfter the shale began to wear away, the Chimneyhill limestone,
which is very resistant to erosion, was exposed as a vertical cliff
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along the line of contact. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>