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IDEAS  Updated Oct 27, 2003

Apparent cone volume and relief will decrease over time by two methods: (1) weathering / erosion (erosional cone degradation) or (2) burial by subsequent lava flows.  Whereas cone crater morphology and cone slope should only change over time as a function of weathering and erosion.

Idea: cones toward to center of Newberry are more likely to be buried by younger lava flows, pyroclastics, and assorted eruptive deposits.  Cones toward the outer margin of Newberry are less likely to be buried by younger eruptive deposits.

Idea: determine total area and calculate vent density in no. vents / sq. km: using all cones file which includes vent and fissure polygons, minimum vent density ~0.20 vents / sq km (up to about 0.22 vent / sq km using the "over 400 vent" data from Jensen and depending on how you measure the "area" of newberry)

Idea: plot of radius from summit crater vs. volume … this is a student project: we need to profile the cones!!! At least some of them?

Term for compound vents: "multiple composites of several vents"

NOTE: future analysis: should draw transects / profiles for various cone types at newberry, for comparison

Newberry Notes

From Jensen, R.A., and Chitwood, L.A., eds., What's New at Newberry Volcano, Oregon: Guidebook for the Friends of the Pleistocene Eighth Annual Pacific Northwest Cell Field Trip, 190 p.

From Introduction

Newberry Location



56 km east of Cascade crest



40 km south of Bend



total area >1300 sq km

Age: Quaternary, one of largest in U.S.

Composition: basalt to rhyolite

Previous Work


Russell, 1905 – reconnaissance survey


Williams 1935 – studied caldera / flank basalt flows


McLeod and others, 1995 – most recent published map of Newberry


Look up most recent work on Georef:



Kuehn (WSU PHD diss)



Donelly-Nolan USGS



Castro (UO PHD diss)



Linneman (diss?)



Any published Chitwood and Jensen stuff?



Jensen / chitwood field guides

Jensen, R.A. and Chitwood, L.A., 2000, Geologic Overview of Newberry Volcano, in, Jensen, R.A., and Chitwood, L.A., eds., What's New at Newberry Volcano, Oregon: Guidebook for the Friends of the Pleistocene Eighth Annual Pacific Northwest Cell Field Trip, p. 27-30.

Geologic Setting


Volcanic Edifice



Shield Volcano – 64 km N-S by 40 km E-W



Age < 500,000 yrs



Total relief: 1100 m, total area > 1300 sq. km, total vol = >460 cu. km



Caldera




8 km x 4 km, area = 44 sq km




multiple events





ash flow tuffs





air fall deposits




caldera lakes presently: Paulina lake / east lake





lakes separated by holocene obsidian and pumice cone


Volcanic Processes



Multiple Caldera collapses / caldera filling volcanism



Frequent eruptions, including holocene

Composition:


Primarily basalt, basaltic andesite, minor andesite


Dacitic to rhyolitic volc. Concentrated in central portion


Pyroclastic flows assoc. with cladera-forming eruptions (most abundant on West and NE flanks) (others buried by younger basaltic-andesite flows)

Late Pleistocene and Holocene eruptive episodes


South obsidean dome: 12,000 yrs ago


East Rim mafic cinder / flow event: 11,200 yrs ago


Interlake rhyolitic eruptions: pumice and obsidean 7300 yrs ago


NW basaltic andesite rim episode: 7000 yrs ago (spatter and rift eruption


East Lake obsidean and pumice deposits: 3500 yrs ago


Big Obsidian rhyolitic episode: 1460 yr ago (includes obsidian, air fall tephra and ash flows

Newberry area impacted by air fall Mazama Ash at 6845 (radio carbon yrs = 7600 calibrated years)

Jensen, R.A., 2000, Roadside Guide to the Geology of Newberry Volcano: CenOreGeoPub, Bend, Oregon, 168 p.

Ages of Cinder Cones / related eruptions:

Lava Butte (flow) 6160 +/- 70 radiocarbon years (7020 +/- 140 calendar)

Mazama Ash 6845 +/- 50 rc (7630 +/- 120 cal)

Gas Line Vents and flows 6100 +/-60 rc

Mokst Butte Vents and flows estimated 7000 yrs cal

South Kelsey Vents and flows est. 7000 yrs cal

North Sugarpine Vents and flows 5870 +/- 60 rc yrs

Lava Cast Forst Vents and flows6320 +/- 110 rc yrs

North Kawak Butte est. 11,200 cal yrs

Pipil Butte est 11,200 cal yrs

Kawhop Butte and flow 39000 +/-6000 yrs

Pilot Butte and flow 188,000 +/- 4200 yrs

Kelsey Butte and flow 284,000 +/- 11,000 yrs

Newberry Flanks:


North and south: veneered by basalt and basaltic andesite flows and associated vents


Flows: 1 – 30 m thick, area < 1 sq km to > 100 sq km


NW flank: zone of weakness with large no. of cinder cones and flows



Flow / vent ages: (1) younger than Mazama (erupted over short period of time ~6100 14C yrs) (2) older flows below Mazama ash (some, e.g. North Kawak flow = 9000-15,000 yr old, some others likely 10's to 100's of thousands of yrs old)


Cinder Cones

· 400 cones and fissure vents identified, concentrated in three zones: 

(1) eastern zone: extension of high lava plains basaltic vents and parallels Brothers Fault Zone (SE-NW strike); MOST CONES IN THIS ZONE APPEAR TO BE RELATIVELY OLD

(2) northwestern zone, related to Tumalo Fault Zone, parallel structural trends (NW-SE strike)

Northwest Rift Zone of Newberry Volcano – post-mazama flows w/associated cinder cones


North Sugarpine Flow
flow vol = 1,000,000 cu yds
spatter cone
5870 +/-60 yrs c14


South Sugarpine Flow
flow vol = 124,000,000 cu yds
cinder cone
7000 calendar yrs (est.)


Mokst Butte Flow
flow vol = 287,000,000 cu yds
cinder cone
7000 calendar yrs (est.)


South Kelsey Flow
flow vol =14,200,000 cu yds
cinder cone
7000 calendar yrs (est.)


Gas-Line Flows (SE of Lava butte /Hwy 97)
flow vol = 1,000,000 cu yds
spatter cone
6100 +/- 70 yrs c14


Lava Butte Flow

flow vol = 375,000,000 cu. yds
cinder cone
6160 +/- 70 14c yrs

(3) southwestern zone: related to the Walker Rim Fault Zone, parallel structural trends (SW-NE strike)

Other Stuff


Oldest C14 date from Newberry, from East Rim Eruptive Period 10,000 +/- 500 14C yrs = interpreted to also be time of eruptions from North Kawak and Pilpil Buttes on north flank of Newberry


Mazama Ash covered newberry by 0.5- 1.0 m at 6845 +/- 14C yrs


Northwest eruptive period ~7000 yrs ago (C14 ages 5800 – 6380 14C yrs): northwest rift zone = extends 14 mi from SE at East Lake to NW end at Lava Butte, includes spatter cones, ridges, fissure vents, and cinder cones; also includes lava flows ranging from 0.25 to 24 sq. km



NW eruptive flows: evidence suggests eruptions of multiple flows in short periods of time (short eruptive period)


Present Day: Rhyolitic Magma Chamber may still exist beneath Caldera:

(1) consistent composition of Holocene rhyolitic rocks

(2) distribution of rhyolitic holocene vents in an area devoid of basaltic vents

(3) mixed basaltic-rhyolitic rocks in margin of caldera

(4) similar duration of quiescence between eruptions

(5) high geothermal gradient / geothermal activity

shallowest possible depth for present chamber on order of 1 mile

Donnelly-Nolan, J.M., Champion, D.E., and Lanphere, M.A., 2000, North Flank Stratigraphy Revealed by New Work at Newberry Volcano, Oregon, in, Jensen, R.A., and Chitwood, L.A., eds., What's New at Newberry Volcano, Oregon: Guidebook for the Friends of the Pleistocene Eighth Annual Pacific Northwest Cell Field Trip, p. 178-180.

Intro –


Recent geologic mapping of north flank re: volcanic hazard assessment for Bend


Goal: frequency and mag. of eruptions through time


Strat: correlate chemistry and paleomag

Quaternary Basalt:


New mapping shows Newberry flows extending through Bend to Redmond


These are older flows with most of vents buried by younger lava flows

Jensen, R.A., and Chitwood, L.A., 2000, Lava Butte Eruption and Lake Benham, Oregon, in, Jensen, R.A., and Chitwood, L.A., eds., What's New at Newberry Volcano, Oregon: Guidebook for the Friends of the Pleistocene Eighth Annual Pacific Northwest Cell Field Trip, p. 178-180.

Lava Butte eruption


Cinder and spatter cones


Downwind sheet of tephra


Lava flow / dammed Deshutes river

Lava Butte eruption


Lava flow = 90% of eruptive volume


Cone vol = 9% of eruptive volume


Tephra sheet = 1% of eruptive vol.

Model: initial gas-charged magma first (ie. Cone and tephra eruption), depletes, liquid magma rises into cone with resulting lava flow; estimated total eruption time = months to years

Hooper, D.M. and Sheridan, M.F., 1998, Computer simulation models of scoria cone degradation: Journal of Volcanology and Geothermal Research, v. 83, p. 241-267.

Introduction


Scoria or cinder cones:



Conical structures of ballistic ejecta, topped by bowl-shaped crater



Commonly clustered in fields of dozens to hundreds



One of the most common volcanic landforms (Wood, 1980)


Degradational evolution of cones: correlated with length of time exposed to erosion


Degradational patterns



< cone height



< cone height / width ratio



< slope angle


Present Study



San Francisco and Springerville volc. Fields of Arizona



Field work and topo map measurements



Existing chronologies available to calibrate morphometry 

youthful = ~70,000 yr, with crater, 
steep slopes, high H/W value, bowl-shaped crater

middle age = early Pl – late Pliocene = decreased slopes, no crater, exxtensive debris apron

old age = Pliocene, low slope angles



degradation model: uses linear and non-linear diffusion equation models to simulate slope processes




note: cinder cones = simple morphology, form rapidly (short time period of formation), simple internal composition = ideally suited to use of diffusion model, relatively easy to reconstruct original morphology




diffusion model





finite-difference, downslope movement proportional to surface gradient, derived from DEM matrix


Previous work



Porter, 1972 – first study to use morphometry to study cinder cones



Scott and Trask (1971) – max cone slope angle and ratio of cone radius to cone ht, derived relative morphologic ages for 15 cones in Lunar Crater volc. Field in NV



Bloomfield, 1975 – calibrated chronologies to paleosols in 41 cones in central Mexico; followed by work of Martin del Pozzo (1982) – extrapolated to 146 cones in field (relative age assignments)



Wood 1980 – cone geometry vs. dating, quantified cone degradation, climate vs. erosion



Luhr and Charmichael, 1981 – 11 late Quaternary cones of Colima volc. Complex, MX, estimated ages comparing avg. max slope angles



Hasenaka and Charmichael, 1985 – 



Dohrenwend et al. 1986, K-Ar dates of 11 cones in Cima Volc. Field

Geologic Setting


San Francisco Volc. Field



Late miocene to holocene volcanics, > 600 volcanoes identified



Sunset crater = 1064-1065 AD



Eastward migration of volcanism over time, mostly basaltic c omposition, minor intermediate


Springerville volcanic field: 400 vents, scoria cones, spatter cones, maars, fissure vents, small shield volc.; 0.3 to 2.1 m.y age

This study: only focuses on scoria cones

Morphometric / Geomorphic Methods

Morphometry from topo maps, field measurements, air photos

Cone height: max summit el – min base elev.

Cone width = average of max and min basal diameters

Cone width > with time due to debris apron growth / colluviation (inflections of topo offer estimate of cone-apron boundary) we use the map limits

H/W ratio decrases with age as material is moved from cone top to margins via colluvial processes

Crater width diameter = avg. of max and min diameter of crater

Crater depth = relief 

Also can be used: maximum cone slope angle (I used average), noted to decrease with age

(process: max slope of pyroclastics at time of deposition, < slope via colluviation, > debris apron, transport < slope angles to less than repose over time

NOTE: TRY LOOKING AT MAX SLOPE ANGLE? INSTEAD OF AVG.

Average slope angle for cones with crater:  Savg = tan-1 (2Hc / (Wc-Wcr))

Average slope angle for cones with no crater: Savg = tan-1(2Hco/Wco)

NOTE: measurement error for morphometric parameters on order of +/-10 to 15%

Field and Map Analysis of Cone Degradation

Age Groups / morphometric groups in San Francisco Field: Holocene-latest Pleistocene (0-0.16 my, i.e. 0 – 160,000 yrs); middle Pleistocene (0.16-0.73 my, i.e. 160,000 – 730,000 yrs) early Pleistocene (0.73-2 my, i.e. 730,000 – 2 my), Pleist to late Pliocene: 2.0-2.48 my)

Data set 200-300 cones

NOTE: These data are much older than most cones at newberry!!!  The oldest deposits at Newberry at 500,000 yrs

NOTE: how to distinguish between cinder and spatter cones? From DEM?  Some cones were eliminated because they did not "reach mature sizes" (i.e. magma depletion before reaching angle of repose and full relief) and were i.d. as small irregular mounds.?  Newberry?

RESULTS: 5 age groups, systematic decriease in Hc/Wc and max slope angle with >age

** also noted, slight decrease with increasing age in standard deviation of Hc/Wc ratio and average slope angle: i.e. cone form becomes more uniform with increasing age

NOTE: all of the cones at newberry, for the most part, fall within the same group, Holocene-Latest Pleist, compared to San Francisco volcanic field.  There wouldn't be any diff. if included in this study! Not enough time for degradation.

Results of San Francisco Morph. analysis

e.g. avg Hc/Wc values vs. time

0-160,000 yrs = 0.178    ranges to Pliocene 2.48 – 5.0 m.y = 0.077

e.g. mean average slope angles

0-160,000 yrs = 26.4 deg   ranges to Pliocene 2.48-5.0 m.y. = 8.7 deg.

e.g. mean maximum slope angles

0-160,000 yrs = 29.7 deg ranges to Pliocne 2.48-5.0 m.y. = 20.5 deg

Cone Degradation Processes


Overland flow, rainsplash, rill and debris flow process


Transport of material to cone periphery, increases debris-apron volume and > basal diameter


With crater process: slumping, debris flows, diffusional colluviation

Simplified morphology: youthful cones possess crater, older cones loose crater to erosion… eventually erosion reduces cone to shield like hill with minimal slope angles (not recognizable as cinder cone)

Diffusion Equation Models

Early work, Fourier for conduction of heat in solids, Fick for chemical dispersion (both in 1800's)

Gemorphic application: erosional degradation of fault scarps, terrace scarps

Fundamental assumptions: conservation of mass, downslope transport proceeding at a rate proportional to a power of the slope and slope length

Linear diffusion agents: rainsplash, creep, freeze-thaw, bioturbation

Nonlinear transport: slope wash w/o gullying

Assumption of internal structure: loose pyroclastic materials interbedded with occasional agglutinated layers or lava flows

Critical question: is cone monogenetic or polygenetic?  Monogenetic = 1 continuous eruption over short periods of time, polygenetic = episodic eruptions over longer periods of time (e.g. wells) 

Monogentic = instantaneous cone building and start of degradation clock

Episodic = long term cone building and complex interaction between degradation and cone building

Comparative morphology and geomorphologic dating

Morphometric changes used as proxy for relative age scheme, as calibrated by radiometric dating

Conclusion:

San Francisco and Springerville fields of AZ show following cone relationships with increasing age: < in Hc/Wc, < in max. slope angle, < in avg. slope angle, < crater depth/width ratio

"comparative morphology can serve as a potentially useful dating tool for volcanic fields.  A cone of unknown age can be loosely assigned an age by comparing the morphometric parameters of the cone in question with the spread of morphometric parameters occupied by a calibrated or dated group of cones from the same volcanic field"

This technique does not replace radiometric dates, but can differentiate late Pl. cones from early Pl. cones,

"use of several morphometric parameters is recommeded when constructing any relative-age scheme"

Carn, S.A., 2000, The Lamongan volcanic field, East Java, Indonesia: physical volcanology, historic activity and hazards: Journal of Volcanology and Geothermal Research, v. 95, p. 81-108

Analysis of vocanic processes at Lamongan volcanic field (LVF), East Java, Indonesia

39 LVF cinder cones analyzed for morphology


cone volume: estimates reasonable for younger cones, but minimum values for older vents due to erosion or burial by subsequent lava flows


Cone edifice commonly 1-20% of the total volume of cinder cone eruptions (after Wood 1980)

Cone summary from LVF

Mean Wc = 760 m, median = 600 m
Global mean = 900 m and median = 800 m (after Wood 1980)

Hc mean = 94 m, median = 74 m,  

Vol cone = average = 0.039 cu km   median = 0.009 cu km;  Range: 0.34 x 106 cu m to 420 x 106 cu m

Vol range: 0.0003 – 0.4 cu km

The largest cones are effectively small composite volcanoes

Width and vol of older cones may be underestimated as they are partly buried by younger lava flows

Empirical relations:


Wc/Hc decreases with increasing max slopes (note: he uses Wc/Hc instead of Hc/Wc, inverse relation)


Increasing average slopes decrease with increasing volume


Volume increases with increasing distance from central crater of volc. Complex

Blauvett, D.J., 1998, Examples of scoria cone degradation in the San Francisco volcanic field, Arizona: M.S. Thesis, State University of New York at Buffalo, Amherst, NY, 127 p.

From abstract:

Work in San Francisco vocanic field: mapping / degradatational slope processes

Factors that affect cone degradation: time, local climate (precipitation levels / temp.), composition: spatter, cinders or lava flow, grain size of ejecta vs. climate affects rate of soil development / channelization rates; additional factors may include: hydrothermal alteration, solar shadow / aspect, local precip. Patterns, anthropogenic processes

Bloomfield, K., 1975, A late-Quaternary monogenetic volcanic field in central Mexico: Geologische Reundschaue, v. 64, p. 476-497.

Study area: southern Mexico City basin, late Pliocene to Holocene lavas and pyroclastics of the "Grupo Chichinautzin"

Volcanic field forms part of Mexican Volcanic belt, Oligocene to Holocene in age, extends E-W 1000 km; comprised of stratovolcanoes and 1000's of small monogenetic basatic andesite volcanoes

Volc. Are fracture controlled in distribution; some lie at intersections of fracture systems

Cinder cones

41 cinder cones: methods mapped with air photos and topo maps, morphometric parameters derived and relaltive ages assigned.

Cone age ranges: 8390 to 40,000 yrs (carbon dead?)

Data:

Cone density 0.1 / sq. km, locally up to 1 / sqkm

Cone relief: 15 – 260 m

Crater diameters: 175 – 500 m (mean 280 m)

L/S ratio: many have N-S asymmetry

Composition: some cinder, some block

Relative Age Morphometry (after scott and trask, 1971)

Max slope angle and slope lengths not reliable: due to measurement techniques

Cone radius / cone ht.: worked reasonably well

Avg Hc/Wc of Holocene cones = 0.21, and of young well-formed Pleistocene cones

Oldest and most eroded cones: 0.19 to 0.10 (pleistocene)

Wcrater / Wcone = 0.40 for Holocene and 0.45 for well formed late Pl. cones

Older cones: vaules up to 0.83

Holocene cinder cones in Mauna Kea Hawaii (Porter 1972): Hc/Wc = 0.18; Wcrater / Wco = 0.40

Hasenaka, T. and Carmichael, I.S.E., 1985, A compilation of location, size, and geomorphological parameters of volcanoes of the Michoacan-Guanajuato volcanic field, central Mexico: Geofisica Internacional, v. 24, p. 577-607.

Study Area: Michoacan-Guanajuato Volcani Field, central Mexico; contains over 1000 small volcanic centers and forms part of Mexican Volcanic Belt

Most common: cinder or scoria cones; this study = young volcanoes less than 3 Ma

Techniques: topo maps, air photos, field inspection, geologic maps; identified a total of 1040 vents in field = 901 cones, 43 domes, 22 maars, 13 shield volc., 61 lava flows with hidden vents


*lava flows typically issued from base of cones

Generally notes crude alignment of cones and changes in density

Cone degradation model

fresh cone: slopes 33-34 deg, unfilled crater


Over time, slopes <., cone infills, gullying / rilling occur


Old cones: rounded, subdued topography, highly dissected


In active volcanic area: older cones are buried or destroyed by later lava flows;


Crescent-shaped cones associated with breaching / lava flows

Cone Morphology

Measured Hco, Wco, and Wcr from air photos / topo sheets, also calculated a cone volume

Mean Hco = 100 m, Wco = 830 m, Wcr = 240 m, and volume = 0.038 cu. km

Comparing Cone Volume to Associated Lava Flow Volumes: Cone Volume =~ 0.10 (Lava Flow Volume)

Cone Age / Relative Age Dating

From Scott and Trask, 1971: relative ages of cones approximated by maximum slope and Wco / Hco

From other studies: know degradation models: Hco / Wco < with time; Porter 1972 (Mauna Kea) recent cones Hco/Wco ~0.22; other indices include gully density, and lava flow morphology

Results from this study: 

Hco/Wco shows slight decrease with age, age range of cones 0 – 40,000 yrs; Hco/Wco range from 0.24 to 0

Younger cones: Hco/Wco ratio 0.17-0.24

Max slope and avg. slope show no change with time

Gully density decreases with time? How calculated?

Final caculation: magma eruption rate for past 40,000 yrs, based on cumulative cone volumes and lava flow volumes; determines magma eruption rate of 31 cu km / 40,000 yrs based on analysis of 78 volcanoes.

Condit, G.D, and Connor, C.B., 1996, Recurrence rates of volcanism in basaltic volcanic fields: An example from the Springerville volcanic field, Arizona: Geological Society of America Bulletin, v. 108, p. 1225-1241.

"Assessment of long-term hazards related to the development of volcanic fields is an increasingly important ??, primarily because of the changing demands society places on hazard analysis."

Concerns: siting of nuclear repositories and nuclear power facilties near active volcanic fields; plus population density is increasing near many volcanic fields (e.g., Mexico City / Bend?)  "Recurrence rate esitmation and related probabilistic methods can play an important role in evaluating long-term volcanic hazards in these areas"

Cinder cones and basaltic vents commonly occur in clusters and alignments; such spatial patterns reflect basic geologic controls on magma generation and ascent processes


One alignment process: dike intrusion with vent alighnments

Study Area:

Springerville volcanic field: 409 vents, mostly cinder cones, over 3000 sq. km, they have K-Ar dates and paleomag data

Note: west to east shift in focus of volcanism through time

Via mapping and age dating: they identify vent cluster groups and cone alignment patterns

Techniques: mapping lava flows and petrographically tying back to vents; key: association vents with flows

This paper: focuses on geochronology and correlation to document volcanic events through time, then they model spatial trends through time, not really a morphometric paper, but provides key geochronology for springerville field.

Connor, C.B., 1990, Cinder cone clustering in the TransMexican Volcanic Belt: Implications for structural and petrologic models: Journal of Geophysical Research, v. 95, p. 19395-19405.

Cinder cones observed to occur in clusters and alignments in volcanic fields around globe: clustering pervasive but cause is not known, must be related to magma generation and ascent processes

This study: cluster analysis applied to volcanic field to identify spatial patterns

Local alignments along strike-slip fault zones noted in transMexican volcanic field

Implication: alignments controlled by structure and regional (horizontal) stress fields

Problem: recognition of alignment patterns based on visual observation is subjective, this study using cluster analysis stat. Technique to document alignment and clustering.

Techniques: cone density per unit area, plots / contour diagrams; problem: results influenced by grid spacing and search radius of grid point

Alignment id techniques: two point azimuth method, and two-dimensional Fourier transform

Author gives stat background and key references on cluster anaylysis, plus suggestion of different types of algorithms to use.

Application to mexican volcanic field

id cones < 2 km diameter, circular or sickel shaped, defined by at least 4 closing contour lines

Related References

Hartigan, J.A., 1975, Clustering algorithms,, John Wiley, New York, 465 p.

Lutz, T.M., 1986, An analysis of the orientation of large scale crustal structures: A statistical approach based on areal distributions of pointlike features: Journal of Geophysical Research, v. 91, p. 421-434.

Wadge,G., and Cross, A., 1988, Quantitative methods for detecting alighned points: An application to the vents of the Michoacan_Guanajuato volcanic field, Mexico: Goelogy, v. 16, p. 815-818.

RELATED TECHNIQUE PAPER: Connor, C.B., Condit, C.D., Crumpler, L.S., and Aubele, J.C., 1992, Evidience of regional structural control on vent distribution: Springerville Volcanic Field, Arizona: Journal of Geophysical Research, v. 97, p. 12349-12359.

A follow-up application of the cluster / alignment analysis to Springerville.

Conway, C.M., Connor, C.B., Hill, B.E., Condit, C.D., Mullaney, K., and Hall, C.M., 1998, Recurrence rates of basaltic volcanism in SP cluster, San Francisco volcanic field, Arizona: Geology, v. 26, p. 655-658.

Spatial and temporal vent clustering in basaltic volcanic fields is common

Recurrence  rates, magma supply rates, and future volcanic eruptions may be elucidated by patterns of volcanic activity in space and time.

This work: id cluster patterns in conjunction with K-Ar dates

Ages of cones: determined by radiometric dating, paleomag, and cone morphology

Age range of cones examined: 16,000 yr to 5.6 Ma, majority of vents younger than 780,000 yr.

Cone degradation models: maximum slope and cone relief decrease with time as degradation occurs by combination of diffusive and advective processes… "thus morphology provides a low-resolution dating tool for cones of unknown age"

General slope relations in San Francisco Volcanic Field: Cones < 100,000 yrs, max slope ~ 30 degrees; cones from 100,000-300,00 yrs = max slopes of 27-28 deg., cones from 300,000-500,000 yrs max slopes ~25 degrees; cones > 1 Ma max slopes on order of 10-20 degrees

Some Results and ideas from San Francisco Field:


Since 2.5 Ma, locus of volcanism has shifted from west to east at about 2.9 cm/yr, about the rate of drift of NAM

Dohrenwend, J.C., Wells, S.G., and Turrin, B.D., 1986, Degradation of Quaternary cinder cones at the Cima volcanic field, Mojave Desert, California: Geological Society of America Bulletin, v. 97, p. 421-427.

Focus cone degradation and morphometry in Cima Volcanic field


Cone ages range from 15,000 yrs to 1.09 Ma (radiocarbon / K-Ar analysis of youngest lava flows + soils + paleomag = "precisely dated cones" that can be used to formulate degradation models)

Techniques: field slopes with abney level, mapping of debris apron / cone slope via profiling / projection, field measure of rill / gully depths + aerial photos / topo maps


Cone no. = 11 (limited sample)


Cone heights: 50-155m


Cone width: 400-915 m


Younger cones: Hc/Wc avg = 0.17 (0.15-0.19)


Younger cones: Wcrater/Wcone avg 0.42 (0.32 – 0.48)


Max sides slopes: range from 26 to 30, avg = 28.5


Degradation trends:

(1) Wcr/Wco decrease from 0.48 (young) to 0.21 (old)

(2) Mean max side slopes decrease from 0.575 (young) to 0.41 (old)

(3) Debris-aprong-height/cone-height increase from 0.10 on young cones to 0.34 on oldest cones

(4) Cone drainage = irregular rills and gullies on young cones, regular deep gullies on old cones

Erosional Model: 15% loss of cone volume during first million years, progressive decline of cone slope 0.006 deg / 1000 yr, young erosion phase = sheet wash and erosional stripping to old phase (diffuse subsurface flow) = localized fluvial dissection (concentrated surface flow)

Wood 1980 model from 5 volcanic fields on three continents:

· cone hts decrease with time

· Hc/Wc ratios decrease with time

· Side slope angles decrease with time

· Crater width / cone width decreases with time

Process Implications: types and rates of degradation in cones controlled by changes in strucutre and composition of materials during degradation process

Climate does not appear to be preserved in cone morphology: morphology at any point in time reflects all climate conditions since cone formation (cumulative effect)

Relative age criteria should be calibrated with radiometric ages, "in arid and semi-arid areas, age estimates based on relative degradational changes have a potential error of +/- 15,000 yrs

Hasenaka, T., and Carmichael, I.S.E., 1985, The cinder cones of Michoacan-Guanajuato central Mexico: Their age, volume and distribution, and magma discharge rate: Journal of Volcanology and Geothermal Research, v. 25, p. 105-124.

NOTE: this is a repeat paper from Hasenaka and Carmichael above

Study Area: Mexican – Volcanic Belt cinder cones of Michoacan-Guanajuato central Mexico:

They suggest that cider cones are monogenetic, active for months to 20 years, rarely become active again

Total of 1040 vents mapped

Density of vents in MGVF 2.5 vents / 100 sq. km; ranging up to a max of 11 vents / 100 sq. km

Cone Morphology

Measured Hco, Wco, and Wcr from air photos / topo sheets, also calculated a cone volume

Mean Hco = 100 m, Wco = 830 m, Wcr = 240 m, and volume = 0.038 cu. km

Comparing Cone Volume to Associated Lava Flow Volumes: Cone Volume =~ 0.10 (Lava Flow Volume)

Cone Age / Relative Age Dating

From Scott and Trask, 1971: relative ages of cones approximated by maximum slope and Wco / Hco

From other studies: know degradation models: Hco / Wco < with time; Porter 1972 (Mauna Kea) recent cones Hco/Wco ~0.22; other indices include gully density, and lava flow morphology

Results from this study: 

Hco/Wco shows slight decrease with age, age range of cones 0 – 40,000 yrs; Hco/Wco range from 0.24 to 0

Younger cones: Hco/Wco ratio 0.17-0.24

Max slope and avg. slope show no change with time

Gully density decreases with time? How calculated?

Luhr, J.F., and Carmichael, I.S.E., 1981, The Colima volcanic complex, Mexico: Part II. Late-Quaternary cinder cones: Contributions to Mineralogy and Petrology, v. 76, p. 127-147.

Study area: Mexican volcanic Belt, subduction related

This work: 11 late-Q cinder cones and lava flows, primarily a lava chemistry / petrology paper, but some cone morphology data

Colima graben – N-S orientation, cones follow alignment, nested and coalescing cones, plus long axis of cones follow structure

No radiometric dates were available for this study "but all cones are morphologically youthful", probably late Pl. to Recent age

Reference to Scott and Trask 1971 study (this seems to be the standard reference) and Bloomfield 1975 in terms of cone morphology- relative age:

Cone slope angle decreases with time: referred to as "most reliable" age indicator, but rate of decrease is dependent on climate

Examples: Paricutin: slope angles of 35 deg, original repose, bloomfield work in Mexico shows decrease in max slope angle from 35 deg. To 24 deg. In approximately 20,000 years

Cinder cones from this study:

Elevation range (climate importance): 910 m –1640 m

Relief: 60 m – 190 m

Volume: 0.001 cu km – 0.037 cu km

Average slopes: 19 – 34 deg (estimates 19 deg > 20,000 yrs old, 34 deg. < 1500 yr old; based on Bloomfield study nearby)

NOTE: uses the calibrated morphology work of Bloomfield mexican volcanic belt to date the cones in the present study, only uses average slope angle as the key age tool.

Also discusses the alignment of vents a bit, recognizes occurrence

The rest of the paper is petrology / mineralogy / magma chemistry stuff

Martin Del Pozzo, A.L., 1982, Monogenetic vulcanism in Sierra Chichinautzin, Mexico: Bulletin of Volcanology, v. 45, p. 9-24.

Study area: mexican volcanic belt just south of mexico city

146 cones mapped: used topo maps, field measurements and air photos

cone density = 0.15 / sq. km

cone ht range: 20 -315 m

cone width: 300 – 2000 m

crater diameters: 50-750 m

Hc/Wc: 0.20 (youthful) to 0.12 (older)

Wcrater / Width Cone: 0.12 – 0.50

Basal width: 0.1 km – 2 km

Discussion of lava flow geometry / aspect ratio

Discussion of E-W alignment of cones

"Monogenetic volcanism" term used

mention of the problem of mapping lava flows due to similarity in composition and complex interfingering and burial

Geomorphic descriptions of lava flows:

Holocene (8440 yr BP): thin pockets of soil, short trees and shrubs, flow structures preserved, not cultivated

19, 530 yr BP: thin soil cover on centers of flows

21860 yr BP: thin persistant soil cover

30,500 yr BP: 2-3 m regolith cover on flows

38,590 yr BP: thick soil cover, rounded / eroded, no flow structures observable, intensely cultivated

cone types: scoria cones vs. lava cones + associated lava flow morphology

Martinex-Hackert, B., and Bursik, M., 2001, Observations of hillslope degradation on scoria cones in the San Francisco volcanic field, AZ, following the Hochderffer Fire, 1996: Geological Society of America Abstracts with Programs, v. 233, p. 15.

Historic erosion studies / real time monitoring of erosion on cones in San Fran. Volc. Field

Processes in cone degradation: enhanced by forest fire, rainsplash, overland flow, soil creep, determines sediment flux

Fire increases erosion rate by order of magnitude, in particular rate of degradation by increase in overland flow and pipe flow

Controlling factors: grain size distribution / cone composition, slope angle, vegetative cover, fire occurrence: fire > erosion rates

Porter, S.C., 1972, Distribution, morphology, and size frequency of cinder cones on Mauna Kea Volcano, Hawaii: Geological Society of America Bulletin, v. 82, p. 3607-3612.

NOTE: the copy of this paper is only of the odd pages…. Damn itt!!!!!   GET A FRESH COPY OF THIS PAPER, IT IS HIGHLY REFRENCED!!!!


Study site: Mauna Kea Volcano, over 300 cinder cones

Process: during final phases of volcanic eruptive activity, oceanic volcanoes are characterized by intrusion of alkalic lava and explosive ejection of voluminous pyroclastics… cinder cones and tephra layers

This study: fresh cinder cones, little weathering, recent eruptions

Cone data

Particle size: 1- 10 cm diameter, stratified cinders, lapilli and ash between cinder fragments and bombs, bombs common 20-50 cm in length

Cone distribution: 

Cones arranged along linear rift zones, "sublinear groupings" of cones

Cone Density: up to 8 / sq. km

Cone asymmetry noted: suggests wind vs. tephra an important process in shaping cones

Process: colluvial infilling of craters / vents

Rech, J.A., Reeves, R.W., and Hendricks, D.M., 2001, The influence of slope aspect on soil weathering processes in the Springerville volcanic field, Arizona: Catena, v. 43, p. 49-62.

Good paper to use as model for soil / geomorph studies at Newberry

Study: soil pits on 5 cinder cones in Springerville Volcanic field, Arizona; controlling variable in this study = aspect

Springerville: many cones show aspect-related asymmetry, gentle south-facing slopes and steep north-facing slopes (azimuth 345-15 degrees, avg slope=22.3; azimuth 165-195 deg avg. slope = 18.5 deg)

Asymmetry: two options: primary depositional feature vs. weathering related

Mentions Porter, 1972 study: strong easterly prevailing winds resulted in primary assymmetry in Hawaii

Differential weathering vs. aspect: temperature and moisture, vegetative cover, cryogenic turbation, duration of snow cover

Cinder cones form nice feature for studying rates of soil development and landform evolution, pariticularly if age is known and calibrated

Soil processes: permeability on cone surfaces, wind / dust deposition

Climate Data for Springerville… compare to Newberry (to make some generalizations about comparing weathering / degradation rates):

Elevation range: 1820 m – 3000 m, avg. annual temp 8 C, precip range 25 – 75 cm throughout field, most precip in summer months; pronounced rainshadow effect from SW to NE during monsoon cycle, also snow cover in winter; 

Also discusses vegetative cover: oak-juniper, ponderosa, doug fir, spruce… elevation controlled

This study: soil pits according to aspect, controls for slope

Results:

Soil morphology: solum depth deeper on south thinner on north, finer-textured soils on south with > clay and silt compared to north (coarser), north slopes show lower pH compared to south (north slopes greater moisture and leaching plus > veg / organic matter)

Soil chemistry: south facing soils have lower Ca:Zr ratios indicating greatering chem. Weathering than north facing soils

Higher temps to south result in increased chem weathering

Cinder Cones at SVF range in age betwee 1-2 Ma, thus experience glacial climates, < avg temp by 5-8 C would have influenced vegation, snow cover, soil temps;  Low temps reduce chemical weathering, promote permafrost / physical weathering

These are left to read / notate:

Scott, D.H., and Trask, N.J., 1971, Geology of the Lunar Crater volcanic field, Nye County, NV: U.S. Geological Survey Professional Paper, 599-I, 22 p.

Study Area: Lunar Crater volcanic field, southern NV; lateQ volcanism covering over 100 sq. mi

Paper: in context of terrestrial comparisons of landforms to extraterrestrial / lunar comparison research (morphology based)

Geologic Setting


Q? basalt flows, cinder cones and craters, near Pancake Range, underlain be Tertiary ignimbrites / rhyolites; part of Basin and Range province


Lunar Crater Volcanic Field: 

Cone eruptions and fissures, many features in N30E lineaments

Cinder cones: ash, lapilli, block, bombs, agglutinate and basalt flows

Weathering and erosion and morphological indices used to quantitatively compare ages of cones (Q – Holocene in age?)

· sharp contacts of basalt flows, primary flow structures

· absence of soil / regolith cover

· fresh material on craters

· steep slopes with loose ejecta

· interfingering of Quaternary lake deposits /late Pl. between lava flows

Relative age groupings: older, intermediate, and younger


Buried soils on cinder cones suggest polygenetic


Some breached cones with lava flows

Other aspects of paper: volcanic rock geochem / lava chemistry, structure: compare trends of cones to regional joint / fault patterns, linear fissures and faults appear to be conduits for magmatic activity

Compare cone alignments to lineaments

RESULTS FROM CONE MORPHOLOGY STUDIES

Morphologic parameters:

1. degree of rilling and gullying

2. crater rim morphology

3. relative ages of lava flows assoc. with cones

4. shape of debris aprons

5. infilling of craters

6. parasitic cone development

Assumption: all cones of similar composition and all experience similar climate

Cone degradation: cone slopes steepest at time of deposition, angle of repose, decrease with time due to erosion, summit is rounded, crater in-filled, slopes decrease to less than repose, the length of slopes / width of cone increases and ht. of cone decreases

Relative Cone Age Groups: 1 – 6, 1 = oldest, 6 = youngest

Cone radius: 760-2800 ft

Cone ht, 190 – 600 ft

Max slope: 21 – 35 degrees

Cone radius / ht: 1.9-8.0

Relative Age Trends: max slope decreases with increasing age, cone radius / cone ht ratio increases with increasing age

Problems: intersecting / composit cones obscuring data collection; breachment of cones / lava flows

Factors influencing morphology / degradation model:

(1) climate / elevation: variation could influence erosion rates / time implication

(2) duration of volcanism: short-lived monogenetic vs. long-lived polygenetic events will affect degradation morphology

(3) internal structure / composition of cones (cinders vs. blocks vs. agglutinates)

(4) cratering vs. breaching vs. faulting of cones

(5) size of original cone: large cones erode more slowly than small cones based on unit surface erosion variables

(6) shape of original cone: fully developed "mature" cones at repose, vs. immature-premature cones

Punchline for study: can use cone / crater morphology on earth as a comparative tool for craters on moon

Settle, M., 1979, The structure and emplacement of cinder cone fields: American Journal of Science, v. 279, p. 1089-1107.

Two types of cinder cone fields: (1) "volcano cone fields": flanks of major volcanoes (e.g. Mauna Kea) or (2) "Platform Cone Fields" flat-lying volcanic terranes / extensive lava flows(e.g. San Francisco Volc. Field AZ)

This study examines cone morphology in relation as a tool for comparative planetology

AGAIN: notes common to have cones with aligned spatial distribution, correlated between cone distribution and fracture patterns

This study:

Morphometric measurements on 3 volcano cone fields (Mauna Kea, Mt Etna, Kilimanjaro) and three platform cone field (San Fran, Paricutin MX, and Nunivak Island, AK).  Used maps and air photos

Characterizes the morphology of cones in each of the two volcanic cone provinces: volcano cones vs. platform cones

Distinguished between loose cinder cones and agglutinated spatter cones, exposure of interior cone structure necessary to understand composition

Morphologic parameters: mean cone basal diameter (avg. of short and long), cone ht = max elev – avg. min elev around cone base, cone separation distance = horizontal distance between cinder cone and nearest neighbor (between cone centers)  Compound cones were considered as separate vents if vents could be identified.

San Francisco Field: density 6.3 cone / 100 sq km (euptions over past 6 m.y., most < 1000000 yrs)

Nunivak Island: density 2.8 cones / 100 sq. km (eruptions over past 6 m.y., most < 300000 yrs)

Paricutin: density: 7.5 cones / 100 sq km (Q – late Holocene eruptions, most < 300000 yrs)

Mauna Kea: density 11.1 cones / 100 sq km (eruption over past 300000 yrs)

Mt Etna density: 11.3 cones / s 100 sq km (eruption over past 300000 yrs)

Kilimanjaro: density 3.8 cones /100 sq km (eruption over past 500000 yrs)

Cone Degradation Factors: climate / glacial history / elevation; duration of eruptive process 

Results:


Volcano cone fields: modal cone diamter 300-400m


Platform cone fields: modal cone diameter: 900-1000 m
significant size difference

NOTE: NEWBERRY AVERAGE CONE DIAMETERS FALL WITHIN THE "VOLCANO CONE FIELDS" CLASSIFICATION NICELY, JUST AS IT SHOULD!!!


No modal difference between cone types for cone height between the two categories

Empirical relation between cone ht. and cone diameter:   Hco = 0.18 D  (based on this work and other workers)

relationship works well for Mt Etna and Mauna Kea cones, but forms upper boundary for San Fran and Nunivak Island cones

Cone Separation Distances:  Volcano fields :modal = 600-800 m; Platform Fields: modal = 1000-1200 m; generally however, cone separation distances are not correlated with volcanic province.

Eruptive Process Discussion:

Volcanic fields volcanism: initiated with phase of regional extrusive activity, fissure eruptions and lava flows; magma movement creates crustal fractures underlying the volc. Field.  Fractures in turn form preferred pathways for magma migration

Common to interpret surface fractures as extending to magma chamber; in part related to regional stress field and in part to magma injection / buoyancy.  Net Result: cinder cones aligning along fracture zones

Conclusion: Cinder cone spacing is controlled by size and spacing of crustal fractures, 2. Not all cone morphology is related to time / degradation, in this case the Nunivak Island vs. Mauna Kea cones show different Hco/Wco ratios, even though they are same age.  Other factors besides weathering/degradation/time may influence morphology (eruptive process, climate)

"Furthermore, it may be impossible to establish objective morphometric criteria for determining relative cone age within volcano cone fields (e.g. Newberry), since cones constructed on the flanks of volcanoes are commonly exposed to a wide spectrum of degradation processes"

Wells, S., McFadden, L.D., Renault, C.E., and Crowe, B.M., 1990, Geomorphic assessment of late Quaternary volcanism in the Yucca Mountain area, southern Nevada: Implications for the proposed high-level radioactive waste repository: Geology, v. 18, p. 549-553

Compares previous work on morphometry / age calibration from Cima Volc. Field to Crater Flat / Lathrop Wells Cone near Yucca Mtn; they suggest if climate is similar, then calibrated age comparisons can be made from cones of known age to cones of unknown age

Compare geomorphic and pedogenic features

Cima and Crater Flat NVSummary:

Cone age (Ma)
Hc (m)
Wc (m)
Hc/Wc
slope(deg)

1.11

34
170
0.2
18.5

1.09

75
400
0.19
23

1.0-1.5

55
440
0.13
17
0.99

75
630
0.12
22
1.09

60
400
0.15
23
Degradation Processes: (1) small debris flows and rilling, (2) mass transfer from cone slope to aprong at base, (3) slopes and cone ht. decrease with time

Wood, C.A., 1980a, Morphometric evolution of cinder cones: Journal of Volcanology and Geothermal Research, v. 7, p. 387-413.

Process: cones, cone-shaped hills with bowl-shaped craters.  Composed of tephra or scoria; fissure eruptions: elongated cones

Angle of repose for cinders ~30 degrees, size of fragments: 1-30 cm; eruption scale days to months to build cone

Spatter cones: agglutinated / welded, can support steeper slopes

Cone morphometry study, parameters include: basal width (Wco), cone ht (Hco), crater width (Wcr) and average slope (S)

Based on Settle’s work (see above): cinder cones data: Wco: 0.25 – 2.5 km, with mean of 0.8 km

Morphometric relations:

Porter work with Mauna Kea: Hco = 0.18Wco   (n=30), Wcr = 0.40Wco   (n =62)

Wood verifies these relations with more data

These relations reflect the equilibrium angle of repose of the scoria and cinders that form the cones

Discussion of Real-Time Cone Eruptions: cone ht and cone width are influenced by subsequent burial by lava flows:  a potential problem at Newberry (ht and width < with burial)
Growth Rates of Cones: based on direct observations of eruptions, rapid growth

Eruption Durations: 42 observed eruptions range from 1 day to 15 yrs, median is 30 days

Cone Volumes vs. Flow Volumes:  (35 cinder cones)  Cvol = 0.00078*(Fvol)1.26      r = 0.91

Final morphology of cinder cone = function of: (1) total volume of eruptive material, (2) range and median value of ejecta velocity, (3) ejection angles, (4) wind speed and direction, (5) nature and size of particles, (6) occurrence of lava overflows, and (7) vent geometry and spacing.

Wood, C.A., 1980b, Morphometric analysis of cinder cone degradation: Journal of Volcanology and Geothermal Research, v. 8, p. 137-160.

This study: san fran volc. Field, AZ as compared to other areas around globe: relative morphology rankings 1- 5 (degradation rankings)
5 = young, steep slopes, lack gullies

2 = old, erosion, gullying, subdued rim, regolith cover / vegetation

At the time of this study, known range of volcanism at SFVF: 1000 yrs, 50,000 yrs, 500000 yrs, and 2 million years; back to 5-6 my (much longer time span than anything we are looking at at newberry)

Uses Hco vs. Wco to compare to Porter work; note a plot of Hco on Yaxis and Wco on x-axis… the slope of the line = Hco/Wco ratio, used to break out age groups

NOTE: wood in this paper compares SFVF to other cone fields, including NEWBERRY.  He shows Hco vs. Wco data for Newberry with n = 28, a slope Hco/Wco = 0.147 and a correlation coefficient R = 0.723; I have Hco/Wco = 0.16 with n = 182 and R = 0.80

Discussion of previous work on cones at Newberry

Basaltic shield volcano, with rholitic and dacitic deposits… may be silicic shield volcano

35 km across at base, this study: used 28 cones on northern flank of Newberry, 50% of cones have Hco/Wco values >0.15

“some cones are partially submerged by more recent volcanism / lavas, whereas other cones are younger than the most recent pumice eruptions (~1720 yr BP).

Two cones: Lava Butte and Mokst Butte, show morphometric effects due to burial by lava flows; 

Summary: older cones have lower Hco/Wco ratios than younger cones
Cone slopes decrease with age: young cones slope ~30 deg., older cones to slopes of 14 deg.

Estimate of rates of slope change on order of 8 degrees / M.Y.

Cone hts, Hco/Wco and slopes decrease with degradation and time

Large cones degrade more rapidly than small cones

Rates of erosion vary with climate

Cone Modification Processes
Burial by younger lava flows and (2) erosion and mass wasting from cone flanks

Lava flow burial results in < Hco and <Wco

Erosion results in < Hco and > Wco
Climate as a controlling factor for cone degradation: precipitation >, erosion > (what about elevational and local climate changes at newberry?
