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“Silver Lake, Looking North”, from E.D. Cope, 1889, The Silver Lake of Oregon and Its Region, 
The American Naturalist.  Table Rock is the prominent butte in the western part of the image. 
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Overview of the Field Trip  
This field trip explores several iconic examples of hydrovolcanoes that erupted 
explosively within or near the ancient Fort Rock Lake of central Oregon.  
Hydrovolcanoes are produced by the interaction of magma or magmatic heat with an 
external source of water, such as a lake or an aquifer.  After cinder cones, 
hydrovolcanoes are the second most common volcano type on continents and islands.  
The most common structure produced by a hydrovolcano is either a tuff ring or a tuff 
cone.  This field trip explores examples of these structures at three locations: Hole in 
the Ground, Fort Rock, and Table Rock (Figure 1).   
 

Note: A road log, a glossary of geological terms, a geological time chart, and 
several diagrams that describe hydrovolcanic processes are included in this 
guide. 

 
Fort Rock Lake  
The hydrovolcanoes are located within or near a large, 1200 km2 (460 mi2) Pleistocene 
lake basin, referred to as Fort Rock Lake by Allison (1979).  Fort Rock Lake is an 
extinct pluvial lake that formerly occupied the composite Fort Rock-Silver Lake-
Christmas Lake-Fossil Lake basin in northwestern Lake County.  At its maximum stage 
the lake was more than 200 feet deep (Allison, 1979).  The interglacial maximum lake 
level (shown in Figure 2) appears to be late Pleistocene in age, although precise ages 
are not known.  Allison (1979) correlates the Fort Rock Lake levels to Tiogan and Tahoe 
glacial episodes, estimated at a maximum extent perhaps about 70,000 years ago as 
recognized in the Sierra Nevada mountains.  The Tioga was the least severe and last of 
the Wisconsin Episode.  It began about 30,000 years ago, reached its greatest 
advance 21,000 years ago, and ended about 10,000 years ago.	
 
The structure of the basin is largely controlled by multiple fault blocks. More than 200 
m of flat-lying diatomaceous sediments are found at the center of the basin, as well as 
below Fort Rock and the Table Rock Complex.  Numerous basaltic eruptions occurred 
within the basin along NW-SE trending lineaments.  Basaltic edifices found towards the 
center of the basin are generally tuff cones and tuff rings, reflecting magma that 
encountered standing bodies of water.  At the margins of the ancient lake, maars and 
cinder cones are dominant, reflecting magma that encountered groundwater or no 
water, respectively (Heiken, 1971).  Late Pleistocene to Holocene basaltic lavas from 
the south flank of Newberry Volcano and from Devils Garden appear to have 
encroached into the Fort Rock Lake basin from the NW and NE, respectively. 
	
Fossils of mammals, birds, fishes, and fresh-water mollusks are found in Fort Rock 
Lake sediments, primarily in the eastern part of the basin, including snail shells obtained 
about 10 feet below the top of the lake beds at Fossil Lake that have a radiocarbon age 
of 29,000 years (Allison, 1979).  Mammal bones have also been found.  Prehistoric 
bison remains were found in the Connley Caves, Connley Hills area, 14C dated at 
approximately 3080 years BP (Grayson, 2006). 
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Fort Rock Lake ceased to exist about 10,000 years ago, probably the result of 
evaporation.  Native American sandals, woven from sagebrush-bark fiber and buried 
beneath Mazama pumice in Fort Rock Cave (Cow Cave), and found within other caves 
in the Fort Rock basin, are c. 10,000 years old (based on dendrochronology-calibrated 
radiocarbon ages). 
 

	
 
Figure 2.  Extent of the late Pleistocene high stand of Fort Rock Lake - the compound Fort 
Rock-Silver Lake-Christmas Valley-Fossil Lake pluvial lake.  Map from Bevis (2013), based on 
Allison (1979) 
 
Hole in the Ground  
"Hole-in-the-Ground is a volcanic explosion crater or maar located in Central Oregon 
on the edge of Fort Rock basin.  At the time the crater was formed between 13,500 
and 18,000 years ago a lake occupied most of the basin and the site of the eruption 
was close to the water level near the shore.  The crater is now 112 to 156 m below the 
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original ground level and is surrounded by a rim that rises another 35 to 65 m higher.” 
(Figure 3) 
 

Figure 3. Schematic inferred diagram of Hole in the Ground (Lorenz, 1971) 
 
 
“The volume of the crater below the original surface is only 60 percent of the volume of 
the ejecta.  The latter contains only 10 percent juvenile {magma-derived from the 
eruption} basaltic material, mainly sideromelane {basaltic glass} produced by rapid 
quenching of the lava.  Most of the ejected material is fine grained, but some of the 
blocks of older rocks reach dimensions of 8 m.  The largest blocks are concentrated in 
four horizons and reached distances of 3.7 km from the center of the crater.  
Accretionary lapilli, impact sags, and vesiculated tuffs are well developed.”  Note that 
the geological features at Hole in the Ground reflect “wet” phreatomagmatic conditions 
with liquid water in the eruption column at the time of deposition, and the presence of 
base surges (largely made of particles and gas vapor, including water) that deposited 
the beds in the surrounding tuff ring (Lorenz, 1971; Brand and Heiken, 2009). 
 
“The crater was formed in a few days or weeks by a series of explosions that were 
triggered when basaltic magma rose along a northwest-trending fissure and came into 
contact with abundant ground water at a depth of 300 to 500 m below the surface.  
After the initial explosion, repeated slumping and subsidence along a ring-fault led to 
intermittent closures of the vent, changes in the supply of ground water, and repeated 
accumulations of pressure in the pipe.  Four major explosive events resulted from 
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pressures of over 500 bars {7250 psi} in the orifice of the vent.  Ejection velocities 
during these periods reached 200 meters per second {432 miles/hour}.  The 
corresponding pressures and velocities during intervening, less violent stages were in 
the range of 200 to 250 bars and about 130 meters per second. 
 
 “The kinetic energy released during the most violent eruptions was approximately 9 x 
1020 ergs and the seismic events that must have accompanied these explosions had a 
magnitude of about 5 {note that the energy from the most energetic volcanic blasts, 
9x1020 ergs, is approximately equivalent to a 22 kiloton explosion, slightly greater than 
the Trinity, Hiroshima, or Nagasaki nuclear events}.  Ejecta 10 centimeters in size were 
thrown to heights of 2 to 3 kilometers and the eruption cloud may have reached 5 
kilometers or more.  The axis of eruption was slightly inclined toward the southeast; the 
form of the vent seems to have had a more important influence than wind.  Base 
surges that accompanied some of the explosions left deposits of vesiculated tuff.”  
 

Figure 4.  Generic diagram of a maar volcano showing the deep-seated diatreme 
structure that may underlie some maars (Lorenz, 2003) 
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“The total energy derived from the basaltic magma was of the order of 5.7 x 1023 ergs. 
Most of this energy went into heating of ground water and the enclosing country rocks; 
only a small part, possibly a tenth was released by expansion and vaporization of the 
water and mechanical processes, such as crushing, acceleration and ejection of 
debris.” 
 
“Geophysical measurements indicate a domical intrusion below the crater floor and 
extending upward as a ring dike around the margins of the crater." (quoted material 
from Lorenz, 1971; notes { } added 10/2018). 
 
In summary, Hole in the Ground is a maar-type eruption that produced tuff ring 
deposits under wet phreatomagmatic conditions, reflecting a significant role of 
groundwater.  A schematic for a generic maar is shown in Figure 4. 
 
Fort Rock  
Fort Rock is a tuff ring that formed during the Pleistocene when a volcano intruded a 
lake basin, referred to as Fort Rock Lake by Allison (1979).  Now highly eroded from its 
original form and extent, the wave-cut remnant is 1360 m in diameter and 60 m high, 
and the present crater floor is 6 to 12 m above the floor of the lake basin (Peterson and 
Groh, 1963).  Prominent wave-cut terraces occurs 20 m above the floor of Fort Rock 
Valley, and the south rim is largely missing, perhaps breached by waves of the former 

 

Figure 5: Fort Rock tuff ring. A. MAP Qs - Pleistocene lake sediments, mostly 
diatomites. Qt - tuffs, lapilli-tuffs and tuff breccias. Scalloped line is an 
unconformity. Dotted line is the cliff edge. B. Oblique aerial photograph, from the 
southwest. C. Cross-section.  From Heiken et al., 1981. 
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lake or the result of slumping during eruption (Fig. 5).  Given that the crater floor sits 
above the level of paleo-topography, significant evidence for a large standing body of 
water including extensive wave-cut terraces, abundant evidence of “wet” depositional 
features of volcanoclastic material (such as bomb sags, graded beds with accretionary 
lapilli), it is inferred that magma interacted with a lake, and most likely a relatively 
shallow lake (Heiken et al., 1981; Brand and Heiken, 2009). 

 
Fort Rock is composed of orange-brown lapilli-tuff in beds of 1 cm to 1 m thick that 
can be traced from within the crater to its outer flanks.  The orange-colored deposits 
reflect the presence of palagonite, an alteration product of basaltic glass that includes 
oxides, zeolite, and clay minerals.  The orange-bedded deposits contain accretionary 
lapilli and show soft-sediment deformation features such as bomb sags, indicating 
significant liquid water at the time of deposition and perhaps a high water-magma ratio 
at the vent (Brand and Heiken, 2009).  The presence of plastered tuff or volcaniclastic 
deposits on the NE inner crater walls also indicates the presence of liquid water at the 
time of deposition.  These deposits are contiguous with lower palagonite tuff ring 
deposits, and exhibit convolute folds indicative of slumping (Heiken et al., 1981; Brand 
and Heiken, 2009).  The tuff ring beds on the north inner wall change from light-colored 
ash-rich beds to darker, scoria lapilli-rich beds, indicating diminishing availability of 
water or increasing flux of magma (Brand and Heiken, 2009).  Over time, the eruption 
became drier. 
 
The shape of the Fort Rock tuff ring crater is thought to be funnel-shaped based on the 
presence of inward-dipping beds (innermost beds dip 20-70 degrees) that are parallel 
to the crater walls (Fig. 5).   On the west side of Fort Rock is an angular unconformity, a 
discordance where the beds are no longer parallel and dip at different angles.  This 
structural discordance is likely due to early slumping into the crater, followed by 
deposition of younger pyroclastic deposits.  Younger beds are part of a continuous 
pyroclastic sequence on the outer flanks. 
 
Other similar, small, isolated hydrovolcanoes of the Fort Rock-Christmas Lake Valley 
basin (Fig. 1) include Table Mountain, Flat Top, Lost Forest, Green Mountain SW and 
Green Mountain S (Heiken et al., 1981). 
 
Table Rock  
The Table Rock Complex (TRC) is a 40 km3 (10 mi3) Pliocene-Pleistocene basaltic 
phreatomagmatic complex that erupted into the pre-existing Fort Rock Lake (Brand 
and Clarke, 2009; Brand and Heiken, 2009; Heiken, 1971; Heiken et al., 1981; Peterson 
and Groh, 1963).  The TRC consists of a large tuff cone, a large tuff ring, and at least 
seven associated flank vent and explosion crater deposits (Figure 6).  Table Rock 
proper is a tuff cone.  The Complex was polygenetic in origin, meaning that it formed 
from several styles of hydrovolcanism, varying from Surtseyan to maar-style eruption, 
and also included an effusive fountain stage designated as Strombolian (Brand and 
Clark, 2009). 
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Figure 6.  Geologic Map of the Table Rock Complex (Brand and Clark, 2009) 
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The Table Rock Complex likely formed along a NW-trending fault system associated 
with Basin and Range extensional tectonics and related volcanism.  Table Rock and 
the nearby Connley Hills are part of a 15-mile long NW ridge system that formed an 
island during the high-water stages of Fort Rock Lake, but during the later stages of 
the lake it was a long peninsula between Silver Lake area and the main body of the 
Fort Rock Lake (Allison, 1979).  Hayes Butte in the Connley Hills is a basaltic lava cone.  
Immediately south of Table Rock is the Silver Lake graben, which forms part of the 
southwest boundary of the Fort Rock Lake basin (Heiken, 1971).  The small, existing 
Silver Lake is likely the remains of the ancient Fort Rock Lake.  In modern times, Silver 
Lake was dry from 1922 to 1950, refilled to its highest recent level in 1958, and 
became dry again in August 1961. 
 
 
Several hundred meters of diatomaceous sediments underlie the TRC.  On the western 
side of the complex the underlying stratigraphy consists of basaltic lava flows, volcanic 
litharenites, lithic arkoses, and diatomaceous siltstone and mudstone.  These 
interbedded sedimentary clastic deposits are thought to be outwash aprons derived 
from the Connley Hills (Heiken, 1971). 
 
Sequence of TRC Events		
The first period of volcanic activity was dominated by a Surtseyan-style eruption 
through the 60-70 m-deep Fort Rock Lake, producing a large mafic tuff cone (TRC1) in 
the south of the complex.  The crater floor of the tuff cone was approximately 365 m 
above the base of the lake.  Very early-stage fire fountaining (magmatic) activity may 
have occurred, but this would have quickly transitioned to an entirely hydromagmatic, 
Surtseyan stage (Brand and Clarke, 2009).  Activity at TRC1 progressed with growth of 
the tuff cone above the surface of the water, and ended with a basalt flow creating a 
lava lake in the crater.  The eruption style therefore changed from hydromagmatic to an 
effusive (water-poor), crater-filling Strombolian event.   
 
Following a period of quiescence, mafic magma began erupting through water-
saturated TRC1 deposits and/or lake sediments about one mile NNE of TRC1, 
producing a tuff ring (TRC2).  The seven flank vents around the complex erupted some 
time during or after TRC1 events but before the TRC2 eruption (Brand and Clarke, 
2009; Heiken et al., 1981).  The TRC2 eruption produced a tuff ring that was the most 
energetic eruption of the complex, producing a 2.7 km (1.6 mi) diameter crater, 
interpreted to have erupted through a lake or water-saturated TRC1 deposits (Heiken, 
1971).  
 
The tuffs and breccias surrounding Table Rock were very vulnerable to wave attack 
and erosion, resulting in the removal of a considerable volume of the edifice and 
producing numerous terraces at several levels.  This is especially true for medial to 
distal (medium- to long-range distance) deposits.  Figure 7 shows the projected 
original form of the Table Rock tuff cone. 
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Figure 7. Projected original form of Table Rock tuff cone (Brand and Clarke, 2009)  

 
 
Table Rock Pyroclastic Deposits  
We will observe mainly proximal deposits (deposits near a vent or crater) of lapilli tuff 
breccia (volcanic rock composed of lapilli and smaller broken rock fragments held 
together in a fine-grained ash matrix), exhibiting thick massive beds, graded beds, and 
eruption-fed, sub-aqueous turbidity current deposits. 
 
A large volume of the pyroclastic (i.e., material formed by volcanic explosion or aerial 
expulsion from a volcanic vent) deposits were formed underwater or in the presence of 
significant water, that is, as subaqueous deposits.  This is the case for the TRC1 tuff 
cone deposits.  These subaqueous deposits are mainly a mixture of fine ash and lapilli, 
indicating sufficient turbulence to mix the fine and coarser material.  Also present are 
subaerial deposits which formed without the use of significant water, typically as ash 
falls onto a topographic surface or as base surge accumulations (solid debris 
suspended in a gas cloud that moves radially outward at high velocity as a density flow 
from the base of a vertical explosion column). 
 
Pyroclastic deposits associated with the large tuff ring, TRC2, show an abundance of 
surge deposits that radiated out from a collapsing eruption column.  Brand and Clarke 
(2009) interpret some deposits with very long wavelengths as dune bedforms that 
developed from pyroclastic base surges (see Figure 12). 
-------------------------------------------------- 
Following page: 
 
Fig. 8 (a and b) Deposits from the Table Rock tuff cone (TRC1). Photographs are of the 
subaqueous sequence showing normal-graded Bouma-like {turbidity current} 
sequences (Brand and Clarke 2009). Hammer for scale. (c–e) Subaerial bedded 
deposits showing pinch and swell of beds (base surge deposits), ballistic and 
associated bedding plane sag (c), and varying grain size distribution between layers. 
Hammer for scale in (c) and (d), 22-28 cm, brown notebook for scale in (e); (Brand and 
Brož, 2014). 
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Characteristics of Tuff Rings and Tuff Cones  
Tuff rings are wide, low‐rimmed, well‐bedded accumulations of hyaloclastic debris built 
around volcanic vents located in lakes, coastal areas, marshes, and areas of abundant 
ground water.  Tuff ring deposits are produced by fragmentation of rising magma 
through interaction of the magma with H2O, and possibly from expansion of magmatic 
volatile gases.  Volcaniclastic sedimentary beds are typically thin, a few mm to several 
cm, often associated with turbidity currents.  Tuff rings differ from maars in that the 
magma-water interactions that form tuff rings occur on the Earth's surface. This 
interaction can simply occur when rising basaltic magma encounters groundwater at 
the surface.  Tuff rings (and tuff cones) also typically contain more juvenile {magma-
derived} material than maars.   
 
Tuff cones can be steeper versions of tuff rings, resembling cinder cones.  The factors 
that dictate whether an eruption will create a tuff ring or tuff cone are the relative 
amounts of water and magma and the duration of the eruption (Hydrovolcanic 
Landforms, OSU web site).  The role of pyroclastic surges are very important in the 
formation of tuff cones and tuff rings, affecting the deposition and form of the edifice 
depending if the surges were dry (superheated steam media) or wet (condensing steam 
media) (see also Figure 13).  
 
“Tuff cones are generally small, steep-sided, commonly monogenetic volcanic cones 
comprised of layered volcanic ash, lapilli, and blocks.  In cross section, the deposits of 
tuff cones consist of numerous thin layers (average thickness is centimeter to 10s of 
centimeters), each reflecting one explosion from the phreatomagmatic eruption.  The 
grain size distribution often varies between layers, reflecting the efficiency of 
fragmentation and thus a fluctuation in the influence of magma-water interaction 
throughout the eruption.  The subaqueous deposits typically consists of repeating 
packages of normal-graded, massive to crudely stratified sequences capped by finely 
laminated ash deposits that may show faint pinch and swelling or cross stratification.  
These sequences closely resemble Bouma sequences {turbidity currents} and thus are 
interpreted as the result of eruption-fed subaqueous density currents. The subaqueous 
sequence builds a broad mound that eventually breaches the surface (e.g., Surtsey, 
Iceland.”  (Brand and Brož, 2014) 
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Figure 9.  Diagram showing common surficial volcanic structures (after Wohlenz and Sheridan, 
1983).  There are subtle differences among hydrovolcanic (maar, tuff ring, tuff cone) and non-
hydrovolcanic (scoria cone – no water interaction) forms of volcanic edifices.  The diagram 
shows different levels of magma interaction (blue vertical intrusion) with the Earth’s surface.  
Tuff rings and tuff cones are similar, differing mainly in size and slope (angle) of tuff deposits 
and water vapor conditions.  The term maar is commonly used to describe an explosion crater 
in which tuff rings are commonly part of the edifice and a crater floor that is situated below the 
topographic surface. 
 
 
The most common hydrovolcanic edifice (Figure 9) is either a tuff ring or a tuff cone.   
Both tuff rings and tuff cones generally exhibit thin bedding, typically a few mm to 
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several cm, although tuff cones often consist of thicker beds.  Both form by 
accumulation of material from a large number of short eruptive pulses (e.g., Surtsey, > 
60 per minute).  Both are characterized by fine ash with the variable occurrence of 
lapilli and blocks, and both exhibit pyroclastic flow and surge deposits formed from 
eruption-fed density currents.  
 
Tuff deposits from hydrovolcanoes show ample evidence for liquid water at the time of 
deposition.  Evidence includes accretionary and armored lapilli, vesiculated  

scoriaceous tuff, soft sediment loading structures, ballistic-derived bedding plane sags 
(Figure 8), and palagonitization.  Palagonite, often the result of ash alteration due to 
secondary hydrothermal processes, is a common syn-depositional process in 
phreatomagmatic eruptions as it can occur during or shortly after an eruption due to 
the presence of heat and water vapor. 
 
 
General morphology characteristics of hydrovolcanoes are shown in the table below 
(Figure 10). 

 
Figure 10.  General characteristics of maars, tuff rings, and tuff cones (Brand and 
Heiken, 2009) 
 
Hydroexplosions range from relatively small single events to devastating explosive 
eruptive sequences.  Hydrovolcanic processes occur at volcanoes of all sizes ranging 
from small phreatic craters to huge calderas. 
 
Volcanic eruptions are commonly labeled as a specific type, based primarily on a set of 
energy, size, and plume characteristics (Figure 11).  Explosive hydrovolcanic eruptions 
of basaltic lava are typically Surtseyan, named after the island of Surtsey near the 
southern coast of Iceland. 
 
Within the Table Rock Complex and at Fort Rock and Hole in the Ground, pyroclastic 
surge deposits are recognized features.  Pyroclastic surge deposits can exhibit several 
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different forms, which can be interpreted to distinguish depositional conditions, such 
as distance from the erupting vent (Figures 12 and 13). 

Figure 11.  Generic types of volcanic eruptions. 

Figure 12.  Description of pyroclastic flows and surges. 
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Figure 13.  Different types of Pyroclastic Surge facies developed with distance from 
a vent. These are gas-particle flows. 

 
By evaluating volcaniclastic deposits, specifically bedding structures on the macro- 
and micro-scale, it is possible to interpret and correlate a deposit to the type of 
eruption and to some of the eruption characteristics, as shown in Figure 14. 
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Figure 14.  Characteristics of Volcanic Eruptions Showing Bedding Structures 
Observed in Hydrovolcanic Deposits  (source: 
http://www.d.umn.edu/~rmorton/ronshome/Volcanology/Tuff%20Rings%20and%20Tu
ff%20Cones%20class.pdf; after Sheridan and Wohletz, 1983) 
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Figure 14.  International Chronostratigraphic Chart, 2018, International Commission on 
Stratigraphy  
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ROAD LOG 

 
1. Meet and leave from the SW corner of the Walmart parking lot, 20120 Pinebrook 
Blvd., Bend.   
 
2. Drive 29 miles south on US 97 and turn left onto OR 31/Oregon Outback Scenic 
Byway/Fremont Hwy. 
 
0 mi Mileage log start: OR 31 intersection with US 97. 
 
2.8 mi Railroad tracks cross OR 31.  Note buff/tan-colored Mazama ash on S side 

of highway.  Continue on OR 31. 
 
10.3 mi Moffitt Butte, a dissected tuff ring that erupted through an aquifer (not Fort 

Rock Lake), is partly viewable on the left (N) side of OR 31.  Continue on OR 
31 

 
16.6 mi Stage Station Road/NF 24.  Continue on OR 31. 
 
21.7 mi Breakup Road/NF 400; sign to Hole in the Ground.  Do not turn; Continue 

on OR 31. 
 
25.0 mi Milepost Marker 25, right (S) side of road. 
 
25.2 mi Turn L (N) onto NF Road 3145, a dirt road.  At the turn, Outback Station sign 

and mailbox are landmarks on right (S) side of OR 31.  NF 3145 sign located 
on right of dirt road.  (Note: Google Maps labels this road as 3125; 2017 
Deschutes National Forest Motor Vehicle Use Map shows road as 3145). 

 
25.7 Outback Station/Gebhard Well ranch on left. 
 
25.9 NF 3145 bears left; continue on NF 3145. 
 
26.2 Bear L onto NF 3130. 
 
27.0 Take right fork onto NF 400. 
 
27.3 Turn L onto NF 220. 
 
29.3 STOP 1: intersection of NF 220 and NF 500.  Hole in the Ground maar 

structure; exposed basalt and tuff layers within the crater; boulders of 
ejecta; views of Fort Rock, Fort Rock Lake, Newberry.  

 
 Take NF 500 heading ESE. 
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29.6 Turn R (SW) onto NF 3145 (2017 Deschutes National Forest Motor Vehicle 

Use Map shows road as 3145; other maps may show as 3125).   
 
30.6 Turn L (SE) onto NF 017 and follow road along the power lines. 
 
32.0 Turn L (E) onto NF 300.  In about ½ mile you will descend into the Fort Rock 

Lake basin. 
 
33.6 Turn R (S) onto BLM 6149-00.  This intersection is the site of the abandoned 

homestead village of Fremont. 
 
34.0 Turn L (E) onto Lake County 5-11A. 
 
38.0 Close view of Fort Rock tuff ring.  Note angles of bedding and wave-cut 

terraces. 
 
38.4 Turn L (N) into Fort Rock State Park.  STOP 2: Fort Rock tuff ring; from the 

bedding dips and strikes and physical or lithologic characteristics, an 
eruption history will be discussed. 

 
38.5 Leave Fort Rock State Park and turn L (E) onto CR 5-11A. 
 
39.0 Turn R (S) onto Cabin Lake Rd (CR 5-11). 
 
40.0 Turn L (E) onto CR 5-10.  Continue to follow CR 5-10 through several right 

angle turns.  In about 3 miles, Hayes Butte and the Connley Hills are visible 
to the SW. 

 
52.8 Continue S on CR 5-14.  In about 2 miles, a view of the northwestern 

exposed part of the Table Rock Complex. 
 
55.4 Turn L (E) onto a dirt road, following the road slowly down into the dry gulley 

and then up an incline a short distance (about 0.3 mi) to the S side of a flank 
vent (Heiken et al., 1981).  STOP 3: Contact of Fort Rock Lake clastic and 
lacustrine sediments with overlying pyroclastic deposits of the Table Rock 
tuff cone.  Evidence for soft-sediment deformation of the lake sediments 
suggests they were water-saturated and unconsolidated at the time the tuff 
cone erupted.  Return to CR 5-14, where mileage continues. 

 
56.6 Turn L (E) onto Table Mountain Rd.  Travel about 0.3 miles and park on the 

L side of the road. STOP 4: Table Rock tuff ring deposits, interpreted as 
long-wavelength dune deposits, possibly due to the collapse of the eruption 
column (Brand and Heiken, 2009), and an overview of the complex from a 
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short walk to the crater rim.  Return to vehicles and continue E on Table 
Mountain Rd. 

 
56.6 Turn R (S) onto BLM road; after 0.5 mi at fork in road, continue L. 
 
57.2 STOP 5: proximal outcrops of Table Rock tuff cone, a record of subaqueous 

deposition of massive to stratified tuffs and lapilli tuffs.  This outcrop is 
about 0.4 mi from the source vent.   

 
Return to Table Mountain Rd., turn L and follow to intersection of CR 5-14 (Arrow Gap 

Rd.); turn L and in 3.8 miles reach intersection of OR 31.  Turn R and head 
back to Bend.  
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Glossary of Terms (from Glossary of Geology, American Geological Institute, mobile app, 
2018, unless otherwise noted) 
 
Accretionary Lapilli: spheroidal pellets, mostly between 1 mm and 1 cm in diameter, of 
consolidated or cemented ash.  Formed by accretion of particles around wet nuclei, 
e.g., raindrops falling through a cloud of ash or accretion in a wet surge cloud. 
 
Base Surge: a ring-shaped cloud of gas and suspended solid debris that moves 
radially outward at high velocity as a density flow from the base of a vertical explosion 
column.  It accompanies a volcanic eruption or crater formation by a hydrovolcanic 
explosion or hyper velocity impact. 
 
Clastic: pertaining to a rock or sediment composed principally of broken fragments 
that are derived from preexisting rocks or minerals and that have been transported 
some distance from their places of origin. 
 
Diatreme: funnel-shaped breccia pipe that reaches as much as 2,500 m depth. 
Diatremes are thought to form by hydrovolcanic fragmentation and wall-rock collapse.  
Diatremes may underlie maars and grade at depth into dikes. 
 
Graded Bedding: a type of bedding where each layer displays a gradual and 
progressive change in particle size, usually, from coarse at the base of the bed to fine 
at the top.  It may form under conditions in which the velocity of the prevailing current 
declined in a gradual manner, as by deposition from a short-lived turbidity current. 
 
Hyalo: a prefix meaning “glassy” 
 
Hyaloclastite: a deposit formed by the flow or intrusion of lava or magma into water, 
ice, or water-saturated sediment, and its consequent granulation or shattering into 
small angular fragments.  Also includes vitric tuff from shallow-water explosive 
volcanism or explosive interaction of magma and groundwater.   
 
Hydromagmatic: a general term to include all processes, subsurface or surface, 
involving interaction of magma or magmatic heat with meteoric (atmospheric origin) 
water or connate (fossil) water in the Earth.  syn: phreatomagmatic 
 
Hydrovolcanic: term encompassing all volcanic activity that results from the interaction 
between lava, magmatic heat, or gases and meteoric (atmospheric origin) or connote 
(fossil) water at or near the surface of the Earth (Wohletz and Heiken, 1992, p. 378). 
syn: phreatomagmatic 
 
Lapilli:  pyroclastic materials that may be either essential, accessory, or accidental in 
origin, of a size range between 2 and 64 mm; typically vesicular.  
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Maar: a low-relief, broad volcanic crater formed by multiple shallow explosive 
eruptions.  Explosion due to magma-water interaction.  It is surrounded by a broad, 
shallow-dipping tuff ring, and may be filled with water.  Type occurrence is in the Eiffel 
region of Germany.  Typically erupts through an aquifer or water-saturated sediments. 
Crater floor is below the level of pre-eruption topography. (definition from multiple 
sources; see also Figures 9 and 10). 
 
Palagonite: altered basaltic glass, brown to yellow or orange 
 
Palagonite Tuff: a pyroclastic rock consisting of angular fragments of hydrothermally 
altered or weathered basaltic glass. 
 
Phreatomagmatic eruption: explosive volcanic eruption caused by interaction of 
magma with groundwater or shallow surface water.  syn: hydrovolcanic 
 
Phreatic explosion: a volcanic eruption or explosion of steam, mud, or other material 
that is not incandescent; it is caused by the heating and consequent expansion of 
groundwater due to an underlying source.  syn: hydrothermal eruption 
 
Pyroclastic: pertaining to clastic rock material formed by volcanic explosion or aerial 
expulsion from a volcanic vent. 
 
Scoria: a bomb-size pyroclast that is irregular in form and generally very vesicular.  
Usually heavier, darker, and more crystalline than pumice. Cinder is sometimes used 
synonymously. 
 
Sideromelane – basaltic glass. {Characteristically occurs in palagonite tuff} 
 
Surtseyan eruption: an eruption characterized by steam explosions that eject new lava 
fragments as pyroclastic surges and fallout.  The activity is typified by the eruptions of 
the volcano Surtsey in Iceland, where rising basaltic magma explosively vaporized 
near-surface water.  syn: phreatomagmatic; hydrovolcanic 
 
Tuff: consolidated or cemented volcanic ash and lapilli. 
 
Tuff Cone: characterized by high profiles and steep slopes (>25 degrees) composed 
largely of thick-bedded pyroclastic flow and surge deposits forming from eruption fed 
density currents and bomb-scoria beds from magmatic eruption column fallout 
(definition from multiple sources; see also Figures 8, 10, 13, and 14). 
 
Tuff Ring: a broad, low volcano characterized by low-angle outer slopes (2-10 degrees) 
and a wide crater that may be a maar.  The pyroclastic deposits form aprons 
surrounding the broad crater.  Composed primarily of thin-bedded surge and fall 
deposits formed by magmatic fall and eruption-fed density currents; density currents 
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typically turbulent and dilute (definition from multiple sources; see also Figures 9, 11, 
and 12).   
 
Turbidity Current: a density current in water, air, or other fluid, caused by different 
amounts of matter in suspension, such as a descending cloud of volcanic dust moving 
swiftly down a subaqueous (under water) slope and spreading horizontally on the floor 
of the body of water, having been set and/or maintained in motion by locally churned- 
or stirred-up sediment that gives the water a density greater than the surrounding or 
overlying clear water.   
 
Vesiculated Tuffs: Ash deposits containing vesicles between fragments of ash.  Forms 
from the boiling and vaporization of water during a phreatomagmatic eruption, leaving 
behind cavities which can then be filled to become an amygdule. 
 
Vitric: pertaining to glassy pyroclastic material (>75% glass) 
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