Abstract

We report the results of an ongoing effort to use patrologic data to estimate the thickness,
compasition and physical properties of crust in the neovolcanic zone of [celand, The objectives are
mcmdnﬂ!depﬂ\sn!nwmudmbgs calculate geathermal gradients, and resalve

in the hysical data (primarily gravity and seismic). 1788 whole
rock analyses and l?Udaﬁsmdmsofenuhedlcdmd:lmls from the neovolcanic zone have
been complled from published papers. Varation diagrams indicate that Icelandic magmas evolved
mwmmuruqmummmmmmmmw
orystallization of Of alone. Phase were used o estimate the
pressure of crystallization along the Oi-Cpx-Plag cotectic and hence the depths of the magma
chambers. The latter oocur at 2046.2 km, and the average ature of magma in the chambers
Is 1207226°C (also estimated from phase equilibium constraints). The resulls suggest magma
chambers located at the base of the crust indicating that the latter is ~20 km thick along the
negvolcaric 2one (n agreement with estimates based on geophysical studies. It is argued that the
average composition of enupted lavas provides an accurate estimate of crustal compasition because
magma evolution occurs in sub-crustal chambers. A representative geothermal gradient was
calculated using the average crust composibon and surface heat flow measurernents. The calouated
wﬂm[ls:mﬁmmmhpﬂm:mdﬂﬂwlmmmmﬂém
depth that have been detected sty, with hydeoth in the
the crust, and with temperatures of ~1200°C at the base of the crust. The

crust vartes in composition {becoming richer in MgC) with depth, or that the composition is uniform
and the mineralogy changes to that of & low-P, high-T granulite at 20 km. The latter model involves
fewer ad hoc assump Nm.dmmwuztnkdmmwﬁsm:vdwm
for the lower crust. ﬂ!cdnimddenswmtbemmmu\dnum: Ap, is 150
mumnqamumwnrmmlmmwlsdm-mnﬂsmlunmnr
the crust.

Teeland is Iocated along the Mid-
Atlantic Ridga (MAR). Active riting
occurs in the Northern Volcanic

Setting and Location

Knuwiedga of cruslzﬂ mkm:, surface heat flow values, and T at the base of
the crust allows calculation of a representative neovolcanic rone geothermal

gradient {Figure 8). Using the geothermal gradi a model is develops
providing for change in mineral assemblage with depth due to changing
metamorphic facies where the average crustal composition is held constant,
This crustal model gives calculated density and seismic velocity profiles with
depth that are in aqreemem with pul:lshed values fmrn uther worhem

Compositions

The plots of Ca0 vs. MgO and ALO, vs. MgO
show that olivine crystallized alone from initial
mefts until plag and cpx also began to crystallize

from the melt at ~9% MgO,

The decrease in Ca0 and ALO, with decreasing

MgO could be due to the crystallization of

plagioclase and cpx, or plagioclase alone, The

plot of CaOME,_O, ve. MQO shows thls ratio
constant tt the i

history indicating cryﬂaﬂlzaﬂun uf Ix:th plag and

cpx.

The k ledge that olivine crystallized
alone from the most primitive melt allows
calculation of a primary magma through
olivine addition. The calculated primary
magma from this work is shown below
along with that of Korenga and Kelleman
(2000). The later results were obtained
through calculations involving whale rock
analyses while the results of this work were

TiO; vs. MgO and FeO vs, MgO plots show that

there are no Fe or Ti oxides crystallizing until late

gz

Figure 3. Variation diagrams plotting whole rock and glass &

analyses for samples from the Iceland neovalcanic zone. i

These the img e of using glass -
1y in L calculations rather than whole-rock 8

analysﬁ as ls t\vpmlrf done, Qualitatively, the glass

analyses better illustrate the paths of crystallization. i L etn™ s

Quantitatively, there is far less deviation from the trend line

in the data,

in the the evolutionary history. This has

implications ing fO, studies.
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Figure 4. Variation diagrams showing lcelandic whole rock, MAR glass,
and Icelandic glass analyses

Ridge eamples, and calculaied paren magmas

btained using glass analyses only.
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Table 2. Mayor edement composiions fos necvolcanic zone ol whole foc ks and glasses, Kolbesisey Kidge samples, Keyiganes

neovolcanic zone through relatively uncomplicated petrologic calculations.

«Crustal thickness in the neovolcanic zone is ~20 km with a temperature of

Magma Chamber Depth; Crustal Thickness Determination Discussion
”"zm; (:"” fee. -T;:I)u v x::’:" Awi]ror;;s . From glass compositions it is possible to reliably determine the
erdubren ¥ -8 > 3
The evidence for ol-plag-cpx cotectic crystallization from melt allows Hiodufell 30408 14.0 118547 5 crystallization h'm: primary melt comppsltﬁon, depth and temperature
calculation of the P and T of magma evolution using the method of Yang | . 5451 3 o l’om-* of magma equilibration, geothermal gradient, crustal mineral assemblage
et al. (1996). The change in equilibrium compositions with increasing = 0 R model, seismic velocity profile, and density profile in the Iceland
pressure is represented by the shifting cotectic in the olivine, quartz, Efstadalsfjall 5041.7 8.0 119911
diopside ternary diagram (Turme-_.r etal, 1987). This method was used  Kalfstindar 76404 270 121743.0
F at which the magmas that Geitafell 44408 15.0 1187458 5
sourced the samples were in equild:rium These pressures correspond to  Kistufell 44210 153 1210454 ConCI usions
the depths of magma chambers where melt evolution occurs. Bondholshraun 6,040 EI] 1214410
Borgarhraun T0+2.1 245 122349.7
Langavitigraun 7306 5.7 1227242 ~1200° C at the base of the crust.
Blafjall 6240, 22 121124,
s iz 3ﬂ: |9E Hm:;g *Any petrologic calculations should be based on analyses of volcanic
Scljahalli i S5 B glasses rather than whole rock compositions.
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Tuble 4. Pressures P, lemgieratures T, and depths 2 of magma evolution for sampled

volcanic centers in the neovolcunic zone.

Y results

and petrologically derived crustal thickness estinates (Le&wlch

et al., 2005)

«A model of changing mineralogy with depth along the determined
geothermal gradient allows calculation of V,and p that are in agreement
with published geophysical studies.

+Primary melt is calculated to contain 14.45% MgO.

Future Work

«Glass samples from the adjacent Reykjanes and Kolbeinsey Ridges as well
as Icelandic glass samples are being analyzed in order determine the trends
in composition and to calculate the oxidation state of magmas erupted in
MORE and OIB settings in this region.

«In addition, mantle potential temperatures beneath the adjacent Reykjanes
and Kolbeinsey Ridges as well as beneath Iceland will be calculated from
olivine-melt thermometer described by Putirka (2005), using glass analyses
rather than whole rock compositions.




