Caldera







Magma: naturally occurring, fully or partially molten rock material

generated within a planetary body, consisting of melt with or

without crystals and gas bubbles and containing a high enough

proportion of melt to be capable of intrusion and extrusion.




How is magma made?
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How is magma made?
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Magma Differentiation

What is differentiation?



Magma Differentiation

Processes that change
the composition of a
magma



Magma Differentiation

1 — Crystal Fractionation
2 — Magma Mixing
3 — Assimilation

4 — Partial Melting
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Fig. 4. Bulk rock and matrix glass compositions of CP and CR ignimbrites as a function of
DRE erupted volume. (A) CR data; yellow squares show matrix glass, orange bars show
bulk compositional range. (B) CP data; blue circles show matrix glass composition of ear-
liest erupted magma, blue bars show bulk compositional range. Data sources are listed in
Table S1.
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Crater Lake caldera — Magma zonation

R

Late Erupted - Dacite

Early Erupted - Rhyolite

Why did the eruption stop?




Crater Lake caldera — Magma zonation

Late Erupted - Dacite

Why did the eruption stop?



NONZONED IGNIMBRITE

Lipman et al., 1978



Vorcanic Promes

maximum plume height
/',‘_}/"*"-\“'- - Hl

spreading of plume as a

gravity current _
e

Umbrella
region

Hp

level of neutral buoyancy

volcanic plume

Convective phase
(plume rises by buoyant convection)

volcanic vent i :‘ "Pumice and ash - ( ol T plume density<almosphere
. fallout T . "

| fragmentation surface

Jet phase
{motion dominated by initial vertical momentum)

jet density=atmosphere

Source mixture of hot pyroclasts and gas

» exsolution surface
saturation surface .-~ 1

- -~

Conduit

magma reservoir
Fragmentation

region Steady supply

of magma from
the chamber

Magma with
exsolved
volatiles

¢\ Exsolution

Magma reservoir with =) Sudace
dissolved volatiles
(H,0, CO,.80,)

.







A

pokane
vnlle

Yaklma
ffunt St. Helen

information from the

GS map of the same title.

Mount St. Helens’ May 18, 1980
Ash Fallout Distributon in U.S.

- 2 inches to 5 inches

1/2 inch to 2 inches

Trace to /2 inch




(area)"(km)

thickness (mm)
8

(area)'"“(km)

FIGURE 3 Plots of In T versus VA. (a) Plot of proximal thinning relationships for representative hawaiian/strombolian (solid circles),
subplinian (solid triangles), and plinian/phreatoplinian (open squares) tephras. (b) Similar plot at expanded scale for the plinian (open
triangles; solid line) and phreatoplinian (solid circles; dashed line) units.
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Fall Deposits

1 — Mantle topography
(just like snow)

2 — Individual deposits are well sorted

3 — Graded beds
(changing in wind direction, eruption intensity)



Plume Collapse and Pyroclastic Density
Currents (PDCs)

pDC generation mechanisms
Directed blast

Small volume — postcaldera domes

Dome collapse
Small volume — postcaldera domes

Boiling-over

Low eruption rate

Column or fountain_,"!iﬁ;\"":'5’""
collapse /

Most relevant to large calderas
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Pyroclastic Surges

T S

Cross-bedding
Dunes

Well to moderately sorted
(less than fall; more than flow) s

Some grain size variation

Thin to thick beds
(< 10 cm to several m)

Volumetrically Minor



Pyroclastic Surges

ANy
T




oyt



Pyroclastic flows (ignimbrite)

Bedded to Massive
Poorly sorted

Graded

Large grain size distribution
(< 1 mm as to >>1 m blocks)

Emplaced into topographic lows
“flows follows lows”
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lgnimbrite Stratigraphy
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