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15. TEPHRA EVENT STRATIGRAPHY AND EMPLACEMENT OF VOLCANICLASTIC SEDIMENTS,
MOGAN AND FATAGA STRATIGRAPHIC INTERVALS,
PART I: MINERAL AND CHEMICAL STRATIGRAPHY OF VOLCANICLASTIC UNITS AND
CORRELATION TO THE SUBAERIAL RECORD !

Mari Sumita? and Hans-Ulrich Schmincke?

ABSTRACT

During Leg 157, middle to late Miocene (14-9 Ma) stratigraphic intervalsin the clastic apron of Gran Canaria were drilled
at Sites 953, 955, and 956. Several hundred volcaniclastic layers composed of silt to sand-sized volcanic material, chiefly glass
shards, pumice, and crystals, are interlayered with foraminifer nannofossil ooze. These intervals are 452 m thick at Hole 953C,

193 m thick at Hole 955A, and 194 m thick at Hole 956B, and were subdivided into three (Hole 953C) and two (Holes 955A

and 956B) lithologic subunits. The lowermost of these subunits at all three holes correlates with the fallout tephra layers and

ignimbrite cooling units of the Mogan Group on Gran Canarial34 Ma), whereas the volcaniclastic layers of th2 dpper
subunits correlate with the volcanic units of the Fataga Group (13.3 to ~9 Ma).

We have subdivided the cores into ~100 volcaniclastic units at each hole based on a more detailed study of the cores in the
core repository. Most of the major volcaniclastic layers in the time interval between 14 and 12 Ma have been examined by pet-
rographic analysis of 276 polished thin sections, electron microprobe (EMP) analysis of 3000 glass shards, and more than 4500
analyses of the main phenocryst minerals (feldspar, pyroxene, amphibole, and phlogopite). These data are combined with X-ray
fluorescence (XRF) analyses of 40 bulk tuff samples, and reanalysis of rock powders made on board, 50 new XRF and EMP
analyses of glassy vitrophyres from 12 selected ignimbrites, and microprobe analyses of feldspar phenocrysts from 23 ignim-
brites to provide detailed data sets for both the subaerial and submarine tephra stratigraphies to facilitate their.correlation
Nearly unique mineral phases or assemblages and compositions of glass, feldspar, amphibole, and clinopyroxene, and bulk
rocks provide robust compositional criteria for unequivocally correlating formations and groups. Major changes in mineral
compositions, for example, occur at equivalent stratigraphic levels on land and in the submarine sections, such as the disappea
ance of sodic anorthoclase, calcic amphibole, abundant hypersthene, and zircon at the boundary between the Lower and Middle
Mogan Group or the appearance of abundant phlogopite at the boundary between the Mogan and Fataga Groups. We have also
correlated many volcaniclastic layers in the interval between 14 and 12 Ma among the three holes and were able to identify at
least 7 of the ~15 individual ignimbrite members (cooling units) of the Mogéan Group present on land, notably ignimbrites P1,
VI, P2, X, O, A, and D, in all three drill holes.

The high-resolution correlations of several syn-ignimbritic volcaniclastic units with well-dated anorthoclase-bearing ignim-
brites on the island allow more precise sedimentation rates to be calculated. Between 14 and 13.3 Ma, sedimentation rates were
97 to 142 m/m.y. at Hole 953C, 54 to 93 m/m.y. at Hole 956B, and 43 to 72 m/m.y. at Hole 955A. The high precision correla-
tions also help to calibrate the biomagnetostratigraphic time scale, for example, during the time intervel ®Md, 2vhere
our lithological correlations suggest that the biostratigraphic ages suggested on board are significantly too high.

INTRODUCTION marine volcanic apron has played a fundamental role in controlling
the lithostratigraphy.

Gran Canaria (28°0R, 15°35W), one of the two main islands of One of the scientific highlights of Leg 157 was the identification
the Canarian archipelago in the central, eastern Atlantic has been v820ard ship of several volcaniclastic layers, chiefly in the Mogan
canically active intermittently throughout the past1&m.y. The is-  Stratigraphic interval, that could be correlated with specific ignim-
land, some 200 km off the northwestern African passive continentdlfites on land. Our basic premise was that all of the 15 well charac-
margin, has experienced several stages of extreme magma differedgfized ignimbrite cooling units of the Mogan Group went into the
ation, unique among volcanic islands. Very large volumes of silicaocean around the periphery of the island. The successful correlations
oversaturated trachytes and peralkaline rhyolites of the Mogan Grogtween the drill holes and with subaerial pyroclastic deposits have
were erupted between 14 and 13.3 Ma and trachyphonolites of the F3W verified this idea. o
taga Group between 13.3 and 8.5 Ma. These frequent explosive erup- e have studied more than 100 volcaniclastic layers of all three
tions generated widespread rhyolitic, trachytic, and phonolitic falloufiles in detail and have established a catalogue of what we call vol-
ashes as well as numerous ash flow deposits, many of which repfeaniclastic units (also discussed in a companion paper by Schmincke
sent excellent marker beds on land. and Sumita, Chap. 16, this volume). More than 100 polished sections

At three sites north, southeast, and southwest of Gran Canaria, @pmajor units were studied petrographically. Glass and mineral com-
to ~450 m of biogenic and volcaniclastic sediments were drilled durR0Sitions were analyzed by electron microprobe (EMP) in many of
ing Leg 157 that represent the Mogéan and Fataga stratigraphic intdfl€S€ units to construct a high-resolution stratigraphic correlation be-

vals (Fig. 1). The influx of coarse volcaniclastic material to the suptween the drill holes and the subaerial record. We have now begun
correlating about one third of the ~100 main volcaniclastic layers so

far identified in three drill holes into the volcaniclastic apron of Gran
T ovwee PPE Stmincke. HAU. Firth. IV, and Dffidd. W (Eds), 1996, P Canaria, both among holes and to the source rocks on the island.
eaver, PPE., mincke, H.-U., Firth, J.V., an ield, W. s.), . Proc. : : : : : i
ODP, ci. Results, 157: College Station, TX (Ocean Drilling Program). . Th.ls Strat.lgraphlc framework form.s the ba§|s for severa_l major 6_1p
2GEOMAR Forschungszentrum, Wischhofstrasse 1-3, D-24148 Kiel, Federa  Plications. Firstly, it enables us to refine the time boundaries for bio-
Republic of Germany. hschmincke@geomar.de stratigraphic and magnetostratigraphic zones. Secondly, our discus-
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Figure 1. Gran Canaria and the neighboring islands of Fuerteventura and Tenerife, showing the shingled volcanic apron, four Leg 157 sites, DSDP Site 397, and

simplified lithostratigraphic columns of Sites 953, 955, and 956.

sion of the emplacement mechanisms of the volcaniclastic layers
(Schmincke and Sumita, Chap. 16, this volume) is based fundamen-
tally on establishing a reliable stratigraphic framework. Finaly, the
stratigraphic, sedimentological, volcanological, and compositional
datawill ultimately result in amore realistic calculation of sediment
budgetsfor the submarine growth, subaerial evolution, and unroofing
of Gran Canaria, Fuerteventura, and Tenerife, and ocean islands in
general.

We have been faced with several problemsin correlating the vol-
caniclastic layers to the subaerial record. First, it turned out during
this study that our geochemical database of the subaerial pyroclasts
wasinsufficient, so we have spent amajor effort in strengthening our
geochemical database of subagerial rocks by carrying out chemical
analyses of ignimbrites and EMP analysis of fresh glass from vitro-
phyres and of feldspar phenocrysts in many of the subaerial ignim-
brite cooling units. The glass data that we present represent only
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~20% of the total number of analyses. We have a so made plots of the
entire database, including glass analyses with totals <90 wt%, and for
some units this has resulted in a higher concentration of points and
thus clearer stratigraphic signals.

TERMINOLOGY
Volcaniclastic Unit

We subdivided the stratigraphic intervals corresponding to the
Mogan and Fataga Groups in the cores of Holes 953C, 955A and
956B into volcaniclastic units during detailed postcruise examina-
tions at the Ocean Drilling Program (ODP) core repository in Bremen
(Table 1; e.g., Unit VU-15, Sample 157-953C-65R-1530cm).

We define a volcaniclastic unit as a volcaniclastic layer that contains
>5 vol% of volcanic particles, generally indicated by a darker color.



TEPHRA EVENT STRATIGRAPHY: PART 1

Table 1. List of volcaniclastic units at Holes 953C, 955A, and 956B.

Top of unit Base of unit Depth interval
Core, Interval Core, Interval Top Bottom Thickness
VU section (cm) section (cm) (mbsf)  (mbsf) (cm) Remarks
157-953C-
VU-1 70R-2 85.00 70R-3 22.50 842.86  843.69 825 Ignimbrite P1
VU-2 70R-2 11.00 70R-2 68.00 84212  842.69 57.0 Reworked P1
VU-3 70R-2 0.00 70R-2 11.00 84201 842.12 11.0 Reworked P1
VU-4 70R-1 86.50 70R-1 111.50 841.67 841.92 25.0 Reworked P1
VU-5 70R-1 77.50 70R-1 86.50 84158 841.67 9.0
VU-6 70R-1 74.50 70R-1 77.50 84155 841.58 3.0
VU-7 70R-1 40.50 70R-1 66.00 84121 841.46 255
VU-8 70R-1 15.00 70R-1 40.50 840.95 841.21 255
VU-9 70R-1 0.00 70R-1 15.00 840.80  840.95 15.0
VU-10 69R-5 37.00 69R-5 51.00 836.97 837.11 14.0 End reworking P1
VU-1la 69R-4 121.00 69R-5 37.00 836.57 836.97 40.0
VU-11b 69R-4 28.00 69R-4 97.00 835.64 836.33 69.0 V-type
VU-12 69R-4 0.00 69R-4 28.00 835.36  835.64 28.0
VU-12a 69R-3 91.00 69R-3 126.00 834.81 835.16 35.0
VU-12b 69R-2 129.00 69R-3 16.00 833.82 834.06 24.0
VU-12c 69R-3 37.00 69R-3 91.00 834.27 834.81 54.0
VU-12d 69R-2 106.00 69R-2 130.00 83359 833.83 24.0
VU-12e 69R-2 85.00 69R-2 106.00 833.38  833.59 21.0
VU-13 69R-2 38.00 69R-2 83.50 83291 833.37 455 Ignimbrite P2?
VU-13a 69R-2 35.00 69R-2 38.00 832.88 83291 3.0
VU-13b 69R-1 8.00 69R-2 33.00 831.18 832.86 168.0
VU-14 68R-5 12.00 69R-1 7.00 826.83 831.17 38.0
VU-14b 68R-4 111.00 68R-4 120.00 826.62 826.71 9.0
VU-15 68R-4 39.00 68R-4 61.00 82590 826.12 22.0
VU-15b 68R-3 121.00 68R-4 39.00 825.27  825.90 63.0
VU-15¢c 68R-3 112.00 68R-3 121.00 825.18 825.27 9.0
VU-15d 68R-3 98.00 68R-3 112.00 825.04 825.18 14.0
VU-15e 68R-3 94.00 68R-3 98.00 825.00 825.04 4.0
VU-16 68R-2 123.00 68R-3 72.00 824.03 824.78 75.0 Reworked P2
VU-16a 68R-2 95.00 68R-2 105.00 823.75 823.85 10.0
VU-16b 68R-1 87.00 68R-1 130.00 82227 822.70 43.0 End V-type
VU-16¢ 68R-2 105.00 68R-2 113.00 82385 823.93 8.0
VU-16d 68R-2 91.00 68R-2 93.00 82371 82373 2.0
VU-16e 68R-2 80.00 68R-2 91.00 82360 823.71 11.0
VU-16f 68R-2 70.00 68R-2 80.00 82350 823.60 10.0
VU-16g 68R-2 59.00 68R-2 61.00 82339 82341 2.0
VU-16h 68R-1 131.00 68R-2 30.00 82271  823.10 39.0
VU-17 68R-1 56.00 68R-1 88.00 821.96 822.28 320 Ignimbrite TL?
VU-17a 68R-1 42.00 68R-1 48.00 821.82 821.88 6.0
VU-18 68R-1 7.00 68R-1 20.00 821.47  821.60 13.0
VU-18a 67R-5 123.00 68R-1 7.00 818.62  821.47 34.0
VU-18b 67R-5 98.00 67R-5 123.00 818.37 818.62 25.0
VU-18c 67R-5 83.00 67R-5 98.00 81822 818.37 15.0
VU-18d 67R-5 28.00 67R-5 39.00 817.67 817.78 11.0
VU-19 67R-5 12.00 67R-5 28.00 81751 817.67 16.0
VU-19a 67R-4 127.00 67R-5 12.00 817.23  817.51 28.0
VU-19b 67R-4 97.00 67R-4 125.00 816.93 817.21 28.0
VU-20 67R-3 6.00 67R-4 58.00 81465 81654 189.0 Ignimbrite X
VU-20a 67R-2 104.00 67R-2 112.00 814.25 814.33 8.0
VU-20b 67R-2 92.00 67R-2 104.00 814.13  814.25 12.0
VU-21 67R-1 118.00 67R-2 83.00 812.88 814.04 116.0
(VU-21q) 67R-1 118.00 67R-1 150.00 812.88  813.20 32.0 Ignimbrite O
VU-22 67R-1 16.00 67R-1 148.00 811.86 81318 132.0
VU-23 66R-5 36.00 66R-5 39.00 807.59  807.62 3.0 Ignimbrite A
VU-24 66R-5 7.00 66R-5 31.00 807.30 807.54 24.0 Reworked A
VU-25 66R-4 92.00 66R-4 102.00 807.15 807.25 10.0
VU-25a 66R-4 81.00 66R-4 89.00 807.04 807.12 8.0
VU-26 66R-4 53.00 66R-4 77.00 806.76  807.00 24.0
VU-27 66R-3 133.00 66R-3 135.00 806.20  806.22 2.0
VU-27a 66R-3 102.00 66R-3 133.00 805.89  806.20 310
VU-28 66R-3 38.00 66R-3 102.00 805.25 805.89 64.0 T4?
VU-29 66R-2 93.00 66R-3 34.00 804.34  805.21 87.0 Reworked A
VU-30 66R-2 15.00 66R-2 35.00 803.56 803.76 20.0 Ignimbrite B?
VU-30a 66R-1 103.00 66R-1 114.00 803.13  803.24 11.0
VU-30b 66R-1 100.00 66R-1 103.00 803.10 803.13 3.0
VU-30c 66R-1 82.00 66R-1 89.00 802.92 802.99 7.0
VU-30d 66R-1 69.00 66R-1 79.00 802.79  802.89 10.0
VU-30e 66R-1 43.00 66R-1 49.00 802.53 802.59 6.0
VU-30f 66R-1 32.00 66R-1 35.00 802.42  802.45 3.0
VU-30g 66R-1 20.00 66R-1 32.00 802.30  802.42 12.0
VU-31 65R-5 116.00 65R-6 106.00 798.79 800.05 126.0 Ignimbrite B?
VU-32 65R-5 85.00 65R-5 103.00 798.48  798.66 18.0 Ignimbrite C?
VU-33 65R-5 60.00 65R-5 70.00 79823  798.33 10.0
VU-33a 65R-5 20.00 65R-5 37.00 797.83  798.00 17.0
VU-33aa 65R-5 0.00 65R-5 8.00 797.63  797.71 8.0
VU-33b 65R-4 130.00 65R-4 143.00 797.49  797.62 13.0
VU-33c 65R-4 116.00 65R-4 117.00 79735 797.36 1.0
VU-33d 65R-4 90.00 65R-4 96.00 797.09 797.15 6.0
VU-33e 65R-4 71.00 65R-4 73.00 796.90  796.92 20
VU-33f 65R-4 61.00 65R-4 62.00 796.80 796.81 1.0
VU-33g 65R-4 41.00 65R-4 43.00 796.60  796.62 2.0
VU-33h 65R-4 15.00 65R-4 37.00 796.34  796.56 220
VU-34 65R-3 41.00 65R-3 81.00 79520  795.60 40.0
VU-35 65R-1 78.00 65R-2 102.00 79318 79457 139.0 Ignimbrite D?
VU-35a 65R-1 50.00 65R-1 78.00 79290 793.18 28.0
VU-35aa 65R-1 37.00 65R-1 42.00 79277 792.82 5.0
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Table 1 (continued).

Top of unit Base of unit Depth interval
Core, Interval Core, Interval Top Bottom Thickness
VU section (cm) section (cm) (mbsf)  (mbsf) (cm) Remarks
VU-35b 64R-4 27.00 64R-4 32.00 786.86  786.91 5.0
VU-36 64R-3 73.00 64R-4 27.00 786.15  786.86 71.0
VU-36a 64R-2 50.00 64R-3 73.00 784.76  786.15 139.0 Ignimbrite D?
VU-36b 64R-2 13.00 64R-2 40.00 784.39  784.66 27.0
VU-36¢ 64R-2 6.00 64R-2 12.00 784.32 784.38 6.0
VU-37 64R-1 0.00 64R-1 144.00 782.80 78424 1440 Ignimbrite E?
VU-38 63R-1 0.00 63R-1 53.00 77310 773.63 53.0
VU-39 62R-3 47.00 62R-4 34.00 767.02 76839 137.0
VU-39% 62R-3 30.00 62R-3 37.00 766.85  766.92 7.0
VU-39% 62R-3 18.00 62R-3 22.00 766.73  766.77 4.0
VU-39c 62R-3 0.00 62R-3 2.00 766.55  766.57 2.0
VU-39d 62R-2 133.00 62R-2 139.00 766.38  766.44 6.0
VU-39% 62R-2 76.00 62R-2 82.00 765.81  765.87 6.0
VU-39f 62R-2 43.00 62R-2 50.00 765.48  765.55 7.0
VU-39g 62R-2 30.00 62R-2 37.00 765.35  765.42 7.0
VU-40 62R-1 0.00 62R-2 4.00 763.60 765.09 149.0
VU-40a 61R-4 15.00 61R-4 22.00 75848  758.55 7.0
VU-40b 61R-3 114.00 61R-3 123.00 75811  758.20 9.0
VU-41 61R-3 50.00 61R-3 114.00 757.47  758.11 64.0
VU-4la 61R-2 124.00 61R-3 50.00 756.75  757.47 720
VU-41b 61R-2 89.00 61R-2 106.00 756.40  756.57 17.0
VU-42 60R-2 21.00 60R-3 18.00 74613 74760 1470
VU-43 60R-1 0.00 60R-1 47.00 74450 < 744.97 47.0
VU-44 59R-6 63.00 59R-6 113.00 74255  743.05 50.0
VU-45 59R-6 0.00 59R-6 19.00 741.92 74211 19.0
VU-46 59R-5 3.00 59R-5 129.00 74056 74182 126.0
VU-47 59R-3 36.00 59R-3 118.00 738.09 738.91 82.0
VU-48 58R-5 113.00 58R-6 37.00 73214  732.88 74.0
VU-49 58R-3 85.00 58R-4 84.00 72896 73045 149.0
VU-50 58R-2 25.00 58R-2 125.00 72692 72792 100.0
VU-51 58R-1 54.00 58R-1 82.00 72574  726.02 28.0
VU-52 57R-5 24.00 57R-5 45.00 72151 721.72 21.0
VU-53 57R-3 15.00 57R-3 74.00 71846  719.05 59.0
VU-54 57R-1 56.00 57R-1 76.00 716.06  716.26 20.0
VU-55 56R-4 0.00 56R-4 35.00 71031  710.66 35.0
VU-56 56R-3 39.00 56R-3 105.00 709.25  709.91 66.0
VU-57 56R-2 0.00 56R-2 110.00 70740 70850 110.0
VU-58 56R-1 20.00 56R-1 81.00 706.20 706.81 61.0
VU-59 55R-5 50.00 55R-5 117.00 70256  703.23 67.0
VU-60 55R-3 77.00 55R-4 54.00 699.86 701.13 127.0
VU-61 55R-2 102.00 55R-2 118.00 698.78  698.94 16.0
VU-62 55R-2 28.00 55R-2 77.00 698.04 698.53 49.0
VU-63 54R-5 104.00 54R-6 32.00 693.70 694.34 64.0
VU-64 54R-3 17.00 54R-3 59.00 689.83  690.25 42.0
VU-65 54R-2 82.00 54R-2 95.00 689.22  689.35 13.0
VU-66 54R-1 32.00 54R-1 81.00 687.32 687.81 49.0
VU-67 54R-1 0.00 54R-1 14.00 687.00 687.14 14.0
VU-68 53R-5 105.00 53R-6 25.00 684.01 684.64 63.0
VU-69 53R-5 26.00 53R-5 48.00 683.22 683.44 220
VU-70 53R-3 132.00 53R-4 98.00 681.55 682.54 99.0
VU-71 53R-2 31.00 53R-2 36.00 679.16 679.21 5.0
VU-72 53R-1 130.00 53R-2 8.00 678.70  678.93 23.0
VU-73 52R-4 70.00 52R-4 109.00 67231 672.70 39.0
VU-74 52R-1 110.00 52R-2 25.00 668.80  669.24 44.0
VU-75 51R-6 30.00 52R-1 1.00 665.05 667.71 9.0
VU-76 51R-4 85.00 51R-5 107.00 662.67 664.35 168.0
VU-77 51R-1 110.00 51R-2 45.00 659.20  659.75 55.0
VU-78 50R-4 2.00 51R-1 10.00 652.82 658.20 153.0
VU-79 50R-2 89.00 50R-2 112.00 650.83 651.06 23.0
VU-80 50R-1 90.00 50R-2 8.00 649.40 650.02 62.0
VU-81 49R-6 92.00 50R-1 16.00 646,50 648.66 131.0
VU-82 49R-5 83.00 49R-6 4.00 645.29 645.62 33.0
VU-83 49R-4 112.00 49R-5 16.00 644.38  644.62 24.0
VU-84 49R-4 29.00 49R-4 75.50 64355  644.02 46.5
VU-85 49R-3 101.00 49R-3 104.00 642.77 642.80 3.0
VU-86 49R-3 75.00 49R-3 85.00 64251 642.61 10.0
VU-87 49R-3 50.00 49R-3 67.00 642.26 642.43 17.0
VU-88 49R-2 71.00 49R-2 112.00 640.97 641.38 41.0
VU-89 49R-1 121.00 49R-1 137.00 640.11  640.27 16.0
VU-90 49R-1 51.00 49R-1 71.00 639.41  639.61 20.0
VU-91 48R-6 45.00 49R-1 4.00 635.55 638.94 74.0
VU-92 48R-2 56.00 48R-2 93.00 630.79 631.16 37.0
VU-93 48R-1 35.00 48R-1 46.00 6290.65 629.76 11.0
VU-94 47R-4 14.00 A7R-4 27.00 623.17 623.30 13.0
VU-95a 47R-3 99.00 47R-3 121.00 62256 622.78 22.0
VU-95b 47R-3 55.00 47R-3 99.00 622.12  622.56 44.0
VU-96 47R-2 112.00 47R-2 147.00 621.22 621.57 35.0
157-955A-
VU-1 60X-3 134.00 60X-4 29.00 565.24  565.69 45.0
VU-2 60X-3 116.00 60X-3 121.00 565.06 565.11 5.0
VU-3 60X-3 65.00 60X-3 66.00 564.55 564.56 1.0
VU-4 60X-3 54.00 60X-3 62.00 564.44  564.52 8.0
VU-5 60X-3 40.00 60X-3 43.00 564.30 564.33 3.0
VU-6 60X-3 20.00 60X-3 24.00 564.10 564.14 4.0
VU-7 60X-2 140.00 60X-2 144.00 563.80 563.84 4.0
VU-8 60X-2 114.00 60X-2 117.00 563.54 563.57 3.0
VU-8/9a 60X-2 18.00 60X-2 21.00 562.58 562.61 3.0



Table 1 (continued).

TEPHRA EVENT STRATIGRAPHY: PART 1

Top of unit Base of unit Depth interval
Core, Interval Core, Interval Top Bottom Thickness
VU section (cm) section (cm) (mbsf)  (mbsf) (cm) Remarks

VU-8/9b 61X-3 81.00 61X-3 84.00 57431 574.34 3.0
VU-9 60X-1 140.00 60X-1 145.00 562.30 562.35 5.0
VU-10 60X-1 117.00 60X-1 121.00 562.07 562.11 4.0
VU-11 60X-1 8.00 60X-1 11.00 560.98 561.01 3.0
VU- 12 59X-CC 22.00 59X-CC 25.00 560.33 560.36 3.0
VU-13 59X-6 128.00 59X-6 140.00 559.98 560.10 12.0
VU-14 59X-6 75.00 59X-6 78.00 559.45 559.48 3.0
VU-15 59X-6 60.00 59X-6 67.00 559.30  559.37 7.0
VU-16 59X-6 23.00 59X-6 34.00 558.93 559.04 11.0
VU-17 59X-5 126.00 59X-5 130.00 558.46  558.50 4.0
VU-18 59X-5 76.00 59X-5 83.00 557.96  558.03 7.0
VU-19 59X-4 95.00 59X-4 115.00 556.65 556.85 20.0
VU-20 59X-3 113.00 59X-3 150.00 555.33  555.70 37.0
VU-21 59X-3 32.00 59X-3 43.00 55452  554.63 11.0
VU-22 59X-2 123.00 59X-2 127.50 553.93 553.98 45
VU-23 59X-2 100.00 59X-2 105.00 553.70  553.75 5.0
VU-24 59X-1 144.00 59X-2 50.00 552.64  553.20 56.0
VU-25 59X-1 40.00 59X-1 57.00 551.60 551.77 17.0
VU-26 58X-CC 24.00 58X-CC  27.00 549.05 549.08 3.0
VUu-27 58X-5 69.00 58X-5 79.00 54829 548.39 10.0
VU-28 58X-4 147.00 58X-4 151.00 54757 54761 4.0
VU-29 58X-4 128.00 58X-4 132.00 547.38  547.42 4.0
VU-30 58X-4 59.00 58X-4 76.00 546.69 546.86 17.0
VU-31 58X-4 52.00 58X-4 53.00 546.62 546.63 1.0
VU-32 58X-3 77.00 58X-3 90.00 54537 54550 13.0
VU-33 58X-2 107.00 58X-2 131.00 54417 54441 24.0
VU-34 58X-1 116.00 58X-1 126.00 54276  542.86 10.0
VU-35 58X-1 92.00 58X-1 93.50 54252 54254 15
VU-36 58X-1 88.00 58X-1 89.50 54248 542.50 15
VU-37 58X-1 38.00 58X-1 39.00 541.98 541.99 1.0
VU-38 58X-1 18.00 58X-1 37.00 541.78 541.97 19.0
VU-39 58X-1 13.00 58X-1 18.00 541.73 541.78 50
VU-40 57X-CC 38.00 57X-CC 70.00 54138 541.70 320
VU-41 57X-CC 9.00 57X-CC  13.00 541.09 541.13 4.0
VU-42 57X-6 14.00 57X-6 16.00 539.64 539.66 2.0
VU-43 57X-5 120.00 57X-5 127.00 539.20 539.27 7.0
VU-44 57X-5 65.00 57X-5 70.00 538.65 538.70 5.0
VU-45 57X-5 37.00 57X-5 39.00 538.37 538.39 2.0
VU-46 57X-4 43.00 57X-4 45.00 536.93 536.95 20
VU-47 57X-3 80.00 57X-3 94.00 53580 535.94 14.0
VU-48 57X-3 70.00 57X-3 72.00 535.70 535.72 20
VU-49 57X-3 56.00 57X-3 61.00 53556 535.61 5.0
VU-50 57X-3 35.00 57X-3 36.00 53535 535.36 1.0
VU-51 57X-3 24.00 57X-3 32.00 535.24  535.32 8.0
VU-52 57X-2 103.00 57X-2 108.00 53453 534.58 5.0 Ignimbrite D?
VU-53 57X-2 33.00 57X-2 49.00 533.83 533.99 16.0
VU-54 57X-2 0.00 57X-2 9.00 53350 533.59 9.0
VU-55 57X-1 145.00 57X-1 150.00 53345 53350 5.0
VU-56 57X-1 131.00 57X-1 135.00 533.31 533.35 4.0
VU-57 57X-1 106.00 57X-1 109.00 533.06 533.09 3.0
VU-58 56X-3 133.00 56X-3 145.00 526.73  526.85 12.0
VU-59 56X-3 54.00 56X-3 57.00 52594  525.97 3.0
VU-60 56X-3 15.00 56X-3 25.00 52555 525.65 10.0 Ignimbrite E?
VU-61 56X-2 75.00 56X-2 78.00 52465 524.68 3.0
VU-62 56X-2 16.00 56X-2 19.00 52406 524.09 3.0
VU-63 56X-1 123.00 56X-1 131.00 52363 523.71 8.0 Ignimbrite E or F?
VU-64 56X-1 45.00 56X-1 51.00 522.85 52291 6.0
VU-66 56X-1 14.00 56X-1 17.00 52254 52257 3.0
VU-67 55X-4 17.00 55X-4 24.00 51757 517.64 7.0
VU-68 55X-3 80.00 55X-3 84.00 516.70 516.74 4.0
VU-69 55X-2 131.00 55X-3 4.00 51571 51594 230
VU-70 55X-2 80.00 55X-2 84.00 51520 515.24 4.0
VU-71 55X-2 12.00 55X-2 15.00 51452 51455 3.0
VU-72 55X-1 80.00 55X-1 89.00 513.70 513.79 9.0
VU-73 55X-1 42.00 55X-1 43.00 513.32 51333 1.0
VU-74 54X-CC 0.00 54X-CC 21.00 503.40 503.61 21.0
VU-75 53X-CC 4.00 53X-CC 30.00 499.04  499.30 26.0
VU-76 53X-4 55.00 53X-4 65.00 498.85  498.95 10.0
VU-77 53X-4 45.00 53X-4 50.50 498.75  498.81 55
VU-78 53X-4 27.00 53X-4 31.00 498.57  498.61 40
VU-79 53X-3 116.00 53X-3 121.50 49796  498.02 55
VU-80 53X-3 32.00 53X-3 36.00 49712  497.16 4.0
VU-81 53X-3 0.00 53X-3 30.00 496.80 497.10 30.0
VU-82 53X-2 118.00 53X-2 124.00 496.48  496.54 6.0
VU-83 53X-2 107.00 53X-2 113.00 496.37 496.43 6.0
VU-84 53X-2 91.00 53X-2 93.00 496.21  496.23 2.0
VU-85 53X-2 8.00 53X-2 11.00 49538 49541 3.0
VU-86 53X-1 123.00 53X-1 124.00 49503  495.04 1.0
VU-87 53X-1 94.00 53X-1 96.00 49474  494.76 2.0
VU-88 53X-1 72.00 53X-1 73.00 49452  494.53 1.0
VU-89 53X-1 58.00 53X-1 62.00 49438  494.42 4.0
VU-90 52X-3 33.00 52X-3 34.00 487.43  487.44 1.0
VU-91 52X-3 27.00 52X-3 28.00 487.37 487.38 1.0
VU-92 52X-2 149.00 52X-3 9.00 487.09 487.19 10.0
VU-93 52X-2 96.00 52X-2 143.00 486.56  487.03 47.0
VU-94 52X-2 26.00 52X-2 28.00 485.86  485.88 2.0
VU-95 52X-1 117.00 52X-1 119.00 485.27 48529 2.0
VU-96 52X-1 90.00 52X-1 108.00 485.00 485.18 18.0
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Table 1 (continued).

Top of unit Base of unit Depth interval
Core, Interval Core, Interval Top Bottom Thickness
VU section (cm) section (cm) (mbsf)  (mbsf) (cm) Remarks
VU-97 52X-1 77.00 52X-1 79.00 484.87  484.89 2.0
VU-98 52X-1 53.00 52X-1 62.00 484.63 484.72 9.0
VU-99 52X-1 33.00 52X-1 41.00 48443 48451 8.0
VU-100 51X-CC 0.00 51X-CC 13.00 483.74  483.87 13.0
VU-101 51X-7 7.00 51X-7 8.00 48347  483.48 1.0
VU-102 51X-6 104.00 51X-6 109.00 482.94  482.99 5.0
VU-103 51X-6 30.00 51X-6 38.00 48220 482.28 8.0
VU-104 51X-5 142.00 51X-5 147.00 481.82  481.87 5.0
VU-105 51X-5 106.00 51X-5 112.00 481.46 48152 6.0
VU-106 51X-5 43.00 51X-5 85.00 480.83 481.25 42.0
VU-107 51X-4 146.00 51X-4 150.00 480.36  480.40 4.0
VU-108 51X-4 98.00 51X-4 106.00 479.88  479.96 8.0
VU-109 51X-3 147.00 51X-3 150.00 478.87  478.90 3.0
VU-110 51X-3 115.00 51X-3 116.00 47855 47856 1.0
VU-111 51X-3 97.00 51X-3 100.00 478.37 47840 3.0
VU-112 51X-3 50.00 51X-3 60.00 477.90  478.00 10.0
VU-113 51X-3 38.00 51X-3 41.00 477.78  477.81 3.0
VU-114 51X-2 134.00 51X-2 150.00 47724 477.40 16.0
VU-115 51X-2 118.00 51X-2 124.00 477.08 477.14 6.0
VU-116 51X-2 36.00 51X-2 38.00 476.26  476.28 2.0
VU-117 51X-1 42.00 51X-1 46.00 47482  474.86 4.0
VU-118 51X-1 18.00 51X-1 20.00 47458  474.60 2.0
157-956B-
VU-1 43R-6 37.00 43R-6 57.00 568.97 569.17 20.0
VU-2 43R-6 16.00 43R-6 25.00 568.76  568.85 9.0
VU-3 43R-5 101.00 43R-5 109.50 568.11  568.20 85
VU-4 43R-5 57.00 43R-5 77.50 567.67 567.88 205
VU-5 43R-4 122.00 43R-5 21.00 566.82 567.31 49.0
VU-6 43R-3 88.00 43R-4 71.00 564.98 566.31 133.0
VU-7 43R-2 113.00 43R-3 8.50 563.73 564.19 455 Ignimbrite P1
(VU-7a) 43R-3 4.50 43R-3 8.50 564.15 564.19 4.0 Subunit P1
(VU-7b) 43R-2 125.00 43R-3 4.50 563.85 564.15 29.5 Subunit P1
(VU-7¢) 43R-2 121.00 43R-2 125.00 563.81 563.85 4.0 Subunit P1
(VU-7d) 43R-2 113.00 43R-2 121.00 563.73  563.81 8.0 Subunit P1
(VU-7¢) 43R-2 89.00 43R-2 98.00 563.49 563.58 9.0 Reworked P1?
(VU-7f) 43R-2 77.00 43R-2 89.00 563.37  563.49 12.0 Reworked P1?
VU-8 43R-2 48.50 43R-2 57.00 563.09 563.17 85
VU-8a 43R-2 52.50 43R-2 57.00 563.13  563.17 4.5
VU-8b 43R-2 48.50 43R-2 52.00 563.09 563.12 35
VU-9 43R-2 20.00 43R-2 21.00 562.80 562.81 10
VU-10 43R-2 3.00 43R-2 10.00 562.63 562.70 7.0 Reworked P1?
VU-11 43R-1 125.50 43R-1 127.00 562.36  562.37 15
VU- 12 43R-1 119.00 43R-1 119.50 562.29 562.30 0.5
VU-12x 43R-1 61.50 43R-1 62.50 561.72  561.73 1.0
VU- 13 43R-1 26.00 43R-1 35.00 561.36  561.45 9.0 V-type
VU-14 43R-1 24.00 43R-1 26.00 561.34  561.36 2.0 Nonvolcanic
VU- 15 42R-3 40.00 43R-1 8.00 554.75 561.18 46.0
VU-16 42R-3 20.00 42R-3 31.00 55455 554.66 11.0
VU-17 42R-3 0.00 42R-3 2.00 55435 554.37 2.0
VU-18 42R-2 81.00 42R-2 121.00 553.72  554.12 40.0
VU-19 42R-2 0.00 42R-2 20.00 55291 55311 20.0 V-type
VU- 20 42R-1 87.00 42R-1 88.00 552.37  552.38 1.0 V-type
VU-21 42R-1 0.00 42R-1 4.00 551.50 551.54 4.0
VU- 22 41R-3 57.00 41R-3 65.00 54534  545.42 8.0
VU- 23 41R-3 41.00 41R-3 49.00 545.18 545.26 8.0
VU-24 41R-3 34.00 41R-3 37.00 54511 545.14 3.0
VU-25 41R-2 116.00 41R-2 139.00 54453 544.76 23.0 Ignimbrite P2?
VU-26 41R-2 92.00 41R-2 95.00 54429 544.32 3.0
VU-27 41R-2 26.00 41R-2 37.00 543.63 543.74 11.0
VU-28 41R-1 125.00 41R-1 136.00 543.15 543.26 11.0
VU-29 41R-1 82.00 41R-1 91.00 542.72 542.81 9.0 VL, P2, TL? reworked
VU-30 41R-1 24.00 41R-1 36.00 54214 542.26 12.0
VU-31 41R-1 0.00 41R-1 9.00 54190 541.99 9.0 Ignimbrite X
VU-32 40R-2 107.00 40R-2 146.00 534.87 535.26 39.0 Ignimbrite A
VU-33 40R-2 92.00 40R-2 96.00 534.72 534.76 4.0
VU-34 40R-2 88.00 40R-2 90.00 534.68 534.70 2.0 Ignimbrite A?
VU-35 40R-2 70.00 40R-2 71.00 53450 534.51 1.0
VU-36 40R-2 23.00 40R-2 38.00 534.03 534.18 15.0 Ignimbrite B?
VU-37 40R-1 117.00 40R-1 149.00 53347 533.79 32.0
VU-38 40R-1 90.00 40R-1 98.00 533.20 533.28 8.0
VU-39 40R-1 69.00 40R-1 72.00 532.99  533.02 3.0 T4?
VU-40 40R-1 51.00 40R-1 52.00 532.81 532.82 10
VU-41 40R-1 39.00 40R-1 40.00 532.69 532.70 1.0
VU-42 39R-4 89.00 39R-4 93.00 527.17 527.21 4.0
VU-43 39R-4 74.00 39R-4 80.00 527.02 527.08 6.0
VU-44 39R-4 32.00 39R-4 57.00 526.60 526.85 25.0
VU-45 39R-3 83.00 39R-3 95.00 52591 526.03 12.0
VU-46 39R-3 35.00 39R-3 38.00 52543  525.46 3.0
VU-47 39R-2 106.00 39R-2 120.00 524.94  525.08 14.0 Ignimbrite D
VU-48 39R-2 77.00 39R-2 85.00 524.65 524.73 8.0
VU-49 39R-2 65.00 39R-2 71.00 52453  524.59 6.0
VU-50 39R-2 25.00 39R-2 36.00 524.13  524.24 11.0
VU-51 39R-2 10.00 39R-2 17.00 523.98 524.05 7.0
VU-52 39R-2 6.00 39R-2 10.00 52394 523.98 4.0
VU-53 39R-1 123.00 39R-1 129.00 523.83 523.89 6.0
VU-54 39R-1 79.00 39R-1 99.00 523.39 523.59 20.0 Ignimbrite D?
VU-55 39R-1 47.00 39R-1 79.00 523.07 523.39 32.0



Table 1 (continued).

TEPHRA EVENT STRATIGRAPHY: PART 1

Top of unit Base of unit Depth interval
Core, Interval Core, Interval Top Bottom Thickness
VU section (cm) section (cm) (mbsf)  (mbsf) (cm) Remarks

VU-56 39R-1 41.00 39R-1 47.00 52301 523.07 6.0

VU-57 39R-1 7.00 39R-1 12.00 522.67 522.72 5.0

VU-58 38R-3 94.00 38R-3 101.00 516.72  516.79 7.0

VU-59 38R-3 47.00 38R-3 57.00 516.25 516.35 10.0

VU-60 38R-3 8.00 38R-3 18.00 515.86 515.96 10.0

VU-60x 38R-3 0.00 38R-3 0.10 515.78  515.78 0.1

VU-61 38R-2 146.00 38R-2 150.00 515.74  515.78 4.0

VU-62 38R-2 121.00 38R-2 126.00 51549 515.54 5.0

VU-63 38R-2 84.00 38R-2 87.00 515.12 515.15 3.0

VU-64 38R-2 38.00 38R-2 51.00 514.66 514.79 13.0

VU-65 38R-2 22.00 38R-2 24.00 51450 514.52 20

VU-66 38R-1 133.00 38R-1 138.00 51423 514.28 5.0

VU-67 38R-1 113.00 38R-1 125.00 514.03 514.15 12.0

VU-68 38R-1 105.00 38R-1 111.00 51395 514.01 6.0

VU-69 38R-1 61.00 38R-1 64.00 51351 51354 3.0

VU-70 38R-1 21.00 38R-1 30.00 51311 513.20 9.0

VU-71 38R-1 0.00 38R-1 8.00 512.90 512.98 8.0

VU-72 37R-2 141.00 37R-3 87.00 506.21 507.17 96.0

VU-73 37R-2 138.00 37R-2 141.00 506.18  506.21 3.0

VU-74 37R-2 125.00 37R-2 130.00 506.05 506.10 5.0

VU-75 37R-2 92.00 37R-2 102.00 505.72  505.82 10.0

VU-76 37R-2 60.00 37R-2 67.00 50540 505.47 7.0

VU-77 37R-1 126.00 37R-2 18.00 504.56 504.98 42.0

VU-78 37R-1 94.00 37R-1 96.00 504.24  504.26 2.0

VU-79 37R-1 64.00 37R-1 69.00 50394 503.99 5.0

VU-80 37R-1 7.50 37R-1 8.00 503.38 503.38 0.5

VU-81 37R-1 0.00 37R-1 7.50 503.30 503.38 7.5

VU-82 36R-2 0.00 36R-2 48.00 495.04  495.52 48.0

VU-83 36R-1 119.00 36R-1 124.00 494.79  494.84 5.0

VU-84 36R-1 80.00 36R-1 81.00 49440  494.41 1.0

VU-85 36R-1 14.50 36R-1 44.00 49375  494.04 295

VU-86 36R-1 13.00 36R-1 14.00 493.73  493.74 1.0

VU-87 35R-4 0.00 36R-1 6.00 488.21  493.66 75.0 Black Unit 1
VU-88 35R-3 77.00 35R-3 90.00 487.57  487.70 13.0

VU-89 35R-3 60.00 35R-3 77.00 48740  487.57 17.0 Black Unit 2
VU-90 35R-3 51.00 35R-3 58.00 487.31 487.38 7.0

VU-90-X 35R-3 40.00 35R-3 50.00 487.20 487.30 10.0

VU-91 35R-3 0.00 35R-3 9.00 486.80 486.89 9.0 Black Unit 3
VU-92 35R-2 130.00 35R-2 146.00 486.63  486.79 16.0

VU-93 35R-2 129.00 35R-2 130.00 486.62  486.63 10

VU-94 35R-2 56.00 35R-2 110.50 485.89  486.44 54.5 Black Unit 4
VU-94X 35R-2 47.00 35R-2 56.00 485.80 485.89 9.0

VU-95 35R-2 40.00 35R-2 47.00 48573  485.80 7.0 Black Unit 5
VU-95-X 35R-2 29.00 35R-2 38.00 485.62 485.71 9.0

VU-96 35R-2 25.00 35R-2 29.00 48558  485.62 4.0

VU-97 35R-1 141.00 35R-2 3.00 48531  485.36 5.0

VU-98 35R-1 102.00 35R-1 107.00 484.92  484.97 5.0

VU-99 35R-1 24.00 35R-1 26.00 484.14  484.16 2.0

VU-100 34R-2 120.00 35R-1 14.00 476.87 484.04 46.0 Black Unit 5X
VU-101 34R-2 109.00 34R-2 120.00 476.76  476.87 11.0

VU-102 34R-2 26.00 34R-2 75.00 47593  476.42 49.0

VU-103 34R-1 134.00 34R-1 140.00 47564  475.70 6.0

VU-104 34R-1 78.00 34R-1 100.00 475.08  475.30 22.0

VU-105 34R-1 23.00 34R-1 77.00 47453  475.07 54.0

VU-106 34R-1 14.00 34R-1 22.00 47444 47452 8.0 Black Unit 5A
VU-106-X  33R-4 0.00 33R-4 13.00 468.79  468.92 13.0

VU-107 33R-3 86.00 33R-3 126.00 468.22  468.62 40.0 Black Unit 6
VU-108 33R-3 38.00 33R-3 55.00 467.74  467.91 17.0

VU-109 33R-3 0.00 33R-3 10.00 467.36  467.46 10.0 Black Unit 6A
VU-110 33R-2 107.00 33R-2 121.00 466.93  467.07 14.0

VU-111 33R-2 81.00 33R-2 106.00 466.67  466.92 25.0

VU-112 33R-2 80.00 33R-2 81.00 466.66  466.67 10

VU-113 33R-2 64.00 33R-2 65.00 466.50  466.51 10

VU-114 33R-2 50.00 33R-2 57.00 466.36  466.43 7.0

VU-115 33R-2 26.00 33R-2 27.00 466.12  466.13 1.0

VU-116 33R-2 14.00 33R-2 18.00 466.00 466.04 4.0

VU-117 33R-2 0.00 33R-2 2.00 465.86  465.88 20

VU-118 33R-1 109.00 33R-1 128.00 465.69  465.88 19.0

VU-119 33R-1 75.00 33R-1 109.00 465.35  465.69 34.0

VU-120 33R-1 63.00 33R-1 75.00 465.23  465.35 12.0

VU-121 33R-1 53.00 33R-1 62.00 465.13  465.22 9.0 Black Unit 7
VU-122 33R-1 0.00 33R-1 5.00 464.60 464.65 5.0

VU-123 32R-4 20.00 32R-4 34.00 459.63  459.77 14.0

VU-124 32R-3 138.00 32R-3 150.00 45931  459.43 12.0

VU-125 32R-3 83.00 32R-3 115.00 458.76  459.08 32.0

VU-126 32R-2 140.00 32R-3 83.00 45783  458.76 93.0 Black Unit 8
VU-127 32R-2 45.00 32R-2 100.00 456.88  457.43 55.0 Black Unit 9
VU-128 32R-1 124.00 32R-2 12.00 456.24  456.55 31.0 Black Unit 10
VU-129 32R-1 8.00 32R-1 124.00 455.08 456.24 116.0 Black Unit 11
VU-130 31R-1 105.00 31R-1 125.00 446.35  446.55 20.0

VU-131 31R-1 0.00 31R-1 87.00 44530 446.17 87.0

Note: VU = volcaniclastic unit.
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In naming volcaniclastic units, we do not discriminate with respect to for calibration. S, F, and Cl were measured as trace elements. Standards

grain size, composition, primary vs. reworked origin, or admixture of used were chalcopyrite for S, scapolite USNM R6600-1 for Cl, and

nonvolcanic components. The latter criterion would have been the Durango fluorapatite USNM 104021 for F, respectively (Jarosewich et

most difficult to apply, because even most nonvol canic sedimentary al., 1980). As a monitor sample for S, we used basaltic ALV981R23

layers in the Mogan and Fataga stratigraphic intervals contain tra¢detrich and Clocchiatti, 1989), and for F and Cl, comenditic glass

amounts of volcanic glass or volcanic minerals owing to the wideKN18 (Mosbah et al., 1991). Four to 10 spots were measured within

spread explosive volcanism on the island over a 5-m.y. interval. Thieesh sideromelane. The detection level was estimated to be 0.01 wt%

reason for this subdivision was simply to help organize the hundredsith relative uncertainties of 5%45% relative for volatile concentra-

of volcaniclastic layers at each site by employing a nongenetic ndions >0.05 wt%, and up to 26%40% for concentrations <0.05 wt%.

menclature. Our most detailed description of volcaniclastic units is of

Hole 956B, whereas we have named only the more prominent layers

at Hole 953C. The description of the volcaniclastic units from Hole SUBAERIAL STRATIGRAPHY

955A is least satisfactory because the soft nature of the methane-rich,

nonvolcanic, interlayered sediments and sedimentary matrix made it One of the main purposes of the drilling project being to correlate

difficult to define exact boundaries of volcanic units. the submarine record with subaerial stratigraphy, we begin with a con-
In this paper we present the chemical and mineralogical data lilensed summary of the lithostratigraphy of the Mogan and Fataga

which we correlate these volcaniclastic units to subaerial volcaniGroups on Gran Canaria (Figs. 2, 3). The stratigraphic subdivisions are

cooling units. The origin and emplacement of the volcanic units arbased on the formalized lithostratigraphic subdivision (groups, forma-

discussed in Schmincke and Sumita (Chap. 16, this volume). tions, members) of the volcanic series by Schmincke (1969, 1976),
with later additions and amendments by Schmincke (1994). Here we
Other Terms summarize the subaerial Miocene felsic activity on Gran Canaria.
We use the terms volcaniclastic layer, volcaniclastic deposits, Miocene Felsic Rocks

volcaniclastic rocks, and volcaniclastic turbidite loosely by simply
emphasizing the volcaniclastic nature of a layer, etc. We introduce The subaerial Miocene cycle started with the rapid formation of
the new term “syn-ignimbrite” for submarine volcaniclastic layersthe exposed tholeiitic to mildly alkalic shield basalts between 14 and
that appear from several lines of evidence to have been emplacg8 Ma. A 0.6- to 0.7- m.y.-long period of trachytic to rhyolitic com-
practically synchronously with the parent ignimbrite on land. The criposition followed at 14 Ma, generating the largest known volume of
teria are discussed in more detail in the companion paper (Schminckgicic volcanic rocks (>300 k#on any oceanic intraplate island. A
and Sumita, Chap. 16, this volume). We use the term lithologic unlarge caldera (~20 km in diameter) collapsed during the beginning of
following ODP guidelines. this phase. The caldera basin was filled with more than 1000 m of
sedimentary, extrusive, and intrusive felsic rocks. After the rhyolitic
stage, more than 500 Rrof silica-undersaturated trachyphonolitic
XRF AND EMP ANALYTICAL METHODS ash flows, lava flows, and fallout tephra was erupted between ~13
X-Ray Fluorescence and 9 Ma. The outflow or extra-caldera facies has been divided into
two groups: the lower trachytic to rhyolitic Mogan Group, up to ~400
Major and trace element concentrations were determined for 4@ thick, and the trachyphonolitic Fataga Group, locally >1000 m
bulk rocks by X-ray fluorescence (XRF; Philips X Unique). Forty thick.
powders of bulk rocks done on board were reanalyzed. XRF analyses
were carried out on melt (glass) pellets using a Philips PW 1400 and Mogan Group
a Philips PW 1480 spectrometer. Standard OXIQUANT software
was used, and 230 international reference samples and 41 syntheticThe Miocene Mogan Group consists 0f~28 dominantly tra-
standards were employed. The pellets were produced from melting ohytic to pantelleritic, extra-caldera ignimbritic cooling units treated
rock powder at 1000°C for ~10 min with an added flux of lithium me-as stratigraphic members (Fig. 2). K/Ar &flr/*®Ar ages of feld-
taborate and dilithium tetraborate (Merck A 12) at a mixing ratio ofspar, amphibole, and whole rocks from these cooling units and one
1:4. The melt was cooled in a mold 34 mm in diametgD Was interbedded basalt flow range from 14 to 13.35 Ma (McDougall and
measured by closed system coulombmetric titration. Water degassigghmincke, 1977; Bogaard et al., 1988; Bogaard and Schmincke,
from rock powder heated at 1300°C in a Pt-crucible placed in an inchap. 11, this volume). The Mogan Group (Fig. 2) is subdivided into:
duction furnace was carried in a nitrogen gas stream and analyzed(if) Lower Mogan Formation members (LMF; cooling units) PI, R, U,
Karl Fischer reagent. Sulfur, carbon, and,@@re analyzed by in- and T3 (basalt), VL, and VI; (2) Middle Mogan Formation members
frared photometry using a Rosemount CWA 5003 for,@@d a  (MMF; cooling units) P2, T6 (basalt), TL (locally 2 cooling units), X,
Rosemount CSA 5003 for carbon and sulfur. For trace element detexnd O (locally two cooling units) with a major compositional break
minations, powder pellets were prepared. Trace elements determinbdtween TL and X; and (3) Upper Mogan Formation members
include Cr, Ni, V, Cu, Zr, Nb, Ce, Y, Rb, Zn, Ba, and Sr. (UMF; cooling units) T4 (basalt), A, B, C, D, E, and F (composition-
ally transitional to Fataga rocks).
Electron Microprobe Analyses
Lower Mogan Formation
Major elements and Ba, Sr, S, Cl, and F were analyzed with a Cam-
eca SX-50 electron probe at GEOMAR, Kiel. Analytical conditions The LMF begins with the most widespread ignimbrite cooling
were 15 kV of accelerating voltage, 60 nA of beam current for felsianit P1 (>400 knv?, 45 km®) on the island, zoned from rhyolite with
glass, 10 nA for sideromelane, feldspar, amphibole, and mica, 20 né&mixed trachyte in the lower part to basalt at the top (discussed in
for pyroxene, and 20 s of peak counting time. Analyses were pedetail by Freundt and Schmincke 1992, 1995a, 1995b; and Chap. 14,
formed with an electron beam rastered t®& 5 um in the scanning this volume). A feldspar phenocryst-rich rhyolite-basalt ignimbrite
mode for felsic glass, sideromelane, feldspar, and®um for other  PIX, resembling Pl but with lesser amounts of crystals, occurs above
minerals. Cameca synthetic oxides, basaltic glasses USNM 111240/BRat Barranco de Balos in the east and Risco Faneque in the west
and USNM 113498/1 (VG-A99), apatite USNM 104021, and micro-(Fig. 3). Ignimbrite R, mixed aphyric rhyolite and dominantly basalt,
cline USNM 143966 (Jarosewich et al., 1980) were used as standarctntains oligoclase, clinopyroxene, hypersthene, and Fe/Ti oxide.
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The most widespread fallout tuffs in the Mogan group occur belowocrysts, the latter with abundant hypersthene and magnetite inclu-

local cooling Unit U and, where U is missing, between Units R andions. Locally, the upper part contains only anorthoclase and amphi-

VI. A trachyrhyolitic ignimbrite (U), as yet only positively identified bole. Widespread resorption in the phenocrysts suggests complex

at Anden Verde and in the Horgazales-Cedro area, contains less thdieequilibria because of magma mixing. Chemically, P2 isrelatively

5% oligoclase, clinopyroxene, hypersthene, and Fe/Ti oxide phenomafic (trachyte) compared to other Mogan Group ignimbrites (Zr
rysts (Fig. 4). Three plagioclase-clinopyroxene-phyric lava flows 0f790-1044 ppm; Nb 103149 ppm). A crystal-poor tuff locally sepa-
intermediate (mugearitic) composition (T3) occur locally betweerrates P2 and TL. A very plagioclase-phyric mugearite lava flow (T6)
Units U and VI. VL lava flows, underlain in the Mt. Carboneras areacontaining clinopyroxene and iddingsitized olivine occurs as a small
by several decimeters of bedded crystal-vitric tuff, locally compose@rosional remnant on top of P2 at Mt. Carboneras (Zr 605 ppm; Nb
of poorly vesicular shards, suggesting some phreatomagmatic actid9 ppm). TL ignimbrite-lava flow cooling unit, locally with a highly
ty, roughly correlate in time with U. These low-silica rhyolite lava irregular, lava-like surface morphology, is exceedingly complex and
flows locally dominate the LMF and largely filled the ancestral Tira-consists of comendite (anorthoclase and amphibole) and trachyte
jana canyon in the southeast of the island and canyons between B@ligoclase, clinopyroxene, and rare hypersthene) (Zr-5638
ranco de Taurito and Barranco de Tasarte in the south (Zr 1300 ppppm; Nb 10£223 ppm). The crystal-rich (280 vol%) comenditic

Nb 180 ppm) (Fig. 5). The overlying, much more widespread exeooling Unit X, is relatively thick (>40 m) in the M. Horgazales—Mt.
tremely welded high-temperature cooling Unit VI overlies VL, which Cedro area. X contains anorthoclase;{Q), amphibole (character-

it resembles in its mineralogy (oligoclase, clinopyroxene, hyperistically with chevkinite inclusions), and titanite (Zr 425664 ppm;
sthene, oxides, and zircon) and chemical composition (Zr-12&0 Nb 85-416 ppm). The latter two phases are characteristic of X, ex-
ppm; Nb 170 ppm). Thick-bedded fallout tuffs underlying VI form cept for A, which also contains chevkinite as inclusions in amphib-
very useful stratigraphic marker horizons from Mt. Cedro in the wesble. The moderately (<15 vol%) crystal-rich comenditic-pantelleritic

to Aguimes in the east. ignimbrite O exceeds 40 m in the Horgazales—Mt. Vacas area and is
) ) ) chemically zoned from pantelleritic to comenditic rhyolite to comen-
Middle Mogan Formation ditic trachyte. Anorthoclase (Qt,,) and richterite amphibole are the

Thin, widespread, highly phyric cooling Unit P2 formsthe base of phenocrysts (Zr 17211911 ppm; Nb 226272 ppm).

the MMF. Thin conglomerates/fanglomerates and local tuffs under- Upper Mogan Formation
lie, and are mixed with, P2 in the Mt. Carboneras area. Inthe MMF,
P2 is chemically and mineralogically transitional between the LMF Very widespread hawaiite-mugearite lava flows (T4) that contain

and MMF rocks as shown by the presence of >20 vol% oligoclase, microphenocrysts of clinopyroxene, plagioclase, and magnetite form
sodic aswell as calcic amphibole, and large green clinopyroxene phe- the base of the UMF. T4 is thickest in the southwest (up to 20 m),
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connected with two feeder dikes of identical composition which cut
through LMF and MMF rocks, and is associated with local scoria
cones and lapilli fallout beds (Zr 296—-364 ppm; Nb 54-64 ppm).

The lower 4 ignimbrites of the UMF (A through D), all of which
are compositionally zoned becoming more mafic and crystal-rich up-
ward in stratigraphy, represent a series of increasing differentiation
of thelowermost erupted flow units. Ignimbrite A isthe least evolved
and D isthe most evolved. Ignimbrite A istrachytic, with the highest
Ba concentrations in the Mogan Group (Ba-12278 ppm), and con-
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335 ppm). At its type locality Barranco de Taurito, F is separated
from E by up to 30 cm of tuffs and epiclastic sandstone to fanglom-
erate in local depressions, but regionally overlies E directly.

Ignimbrites Compositionally Transitional Between Mogan and
Fataga

In the southeastern sector of the island, as well as in the intra-
caldera Montafia Horno Formation, about six oxidized and silicified

tains low-K anorthoclase (<10 vol%), amphibole with chevkinite in-cooling units transitional in composition between the Mogén and Fa-

clusions (<0.2 vol%) and magnetite or ilmenite (Zr 51213 ppm;

taga Groups occur, which are still poorly characterized. These ignim-

Nb 80-201 ppm). Phlogopite phenocrysts in this ignimbrite arebrites are transitional in the sense that their mineralogy is more Fa-
unique in the Mogéan Group. Ignimbrite B, the thinnest and leastaga-like (phlogopite instead of amphibole and slightly more potassic
evolved of the three highly evolved pantelleritic ignimbrites, is al-anorthoclase feldspar), whereas their chemistry is Mogan-like, such
most aphyric (generally <1 vol% of rounded, Na-rich anorthoclasas Zr/Nb ratios >5 (Zr 6748161 ppm; Nb 127195 ppm).

[Or,_10]) @and contains minor oxides and amphibole (Zr-8487

ppm; Nb 115196 ppm). Ignimbrite C contains mostly anorthoclase

Fataga Group

and minor richterite and, toward its more mafic top, clinopyroxene

(Zr 692-1626 ppm; Nb 105237 ppm). Ignimbrite D and overlying

The Fataga Group, generally ~500 m and locally >1000 m thick,

E are the most widespread ignimbrites of the UMF. Ignimbrite D repeonsists of moderately silica-undersaturated trachyphonolitic ignim-
resents the most evolved magma in the Mogan Group, being extrentwites, lava flows, fallout tephras, debris avalanches, and epiclastic de-

ly enriched in Ti, Fe, Mn, Y, Zr, F, Cl, and Nb (Zr 42312 ppm;

posits. Fataga cooling units overlie Mogan rocks from Barranco de

Nb 81-388 ppm). It is zoned from almost aphyric and xenolith-richVeneguera to Barranco de Arguineguin in the south and dominate the
pantellerite in its lower part to phyric trachyte in its upper part. Thearea between Barrancos de Arguineguin and Tirajana in the southeast

comenditic to trachytic ignimbrite E contains1% vol% anortho-

where Mogan rocks occur locally in the canyon bottoms. In the main

clase, richterite and Fe/Ti oxides, with clinopyroxene, hyperstheneutcrop area between Tirajana and Arguineguin, six formations are

and more sodic feldspar in the trachytic top flow unit ZE404-

tentatively distinguished. Based on field evidence (Schmincke, 1994)

2396 ppm; Nb 4041216 ppm). Trachytic ignimbrite F is composi- and available ages (Bogaard and Schmincke, Chap. 11, this volume),

tionally transitional to Fataga compositions (Zr 40344; Nb 64
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Figure 4. Summary of type and relative amount of phenocrysts (large sym-
bols = abundant and smaller symbols = minor amount) in mgjor cooling units
of Mogéan Group. Letters are those of specific ignimbrites: SR

pantellerite.

Ma, but was not continuous. Theignimbrite and lavacooling unitstyp-
icaly contain variable amounts of anorthoclase, Fe/Ti oxides, phlogo-
pite (mainly ignimbrites), amphibole, green clinopyroxene (ignim-
britesand lavaflows), titanite, and nepheline (generally altered to anal-
cime).

LITHOLOGY AND GROSS STRATIGRAPHY
OF THE MAIN MIOCENE VOLCANICLASTIC UNITS

Major Volcaniclastic Lithostratigraphic Intervals
A compositionally distinct volcaniclastic unit correlated to ignim-

brite P1 (14 Ma), recognized at 845 mbsf at Hole 953C, at 564 mbsf
at Hole 956B, and at 560 mbsf at Hole 955A, forms the base of the

Mogan interval (Fig. 2). The transition from the mafic shield volca-

TEPHRA EVENT STRATIGRAPHY: PART 1

23R at the level where the upper boundary of the Fataga-equivalent
sediments (Subunit IVA) was placed. The geochemically similar
Mogan and Fataga Formations can be distinguished from each other
by the patterns of the natural gamma-ray log. There is generally good
agreement between the stratigraphic and lithologic interpretations of
the cores and the depositional architecture as derived from the seis-
mic profile (Schmincke, Weaver, Firth, et al., 1995).

The disappearance of volcaniclastic layers marks the less pre-
cisely defined top of the main Miocene volcaniclastic interval (398
mbsf at Hole 953C, 374 mbsf at Hole 955A, and 367.5 mbsf at Hole
956B). Unit IV at Hole 953C was subdivided into three subunits,
based on the frequency and composition of volcaniclastic mass flow
deposits: Subunit IVA (106 m, 39804 mbsf) and Subunit IVB (250
m, Sections 157-953C-34R-6 through 60R-6,-5@# mbsf), both
correlated to the Fataga stratigraphic interval and Subunit IVC (Sec-
tions 157-953C-61R-1 through 70R-6, 7880 mbsf) corresponding
to the Mogén group. At Site 955, Subunit IVA (139 m, Sections 157-
955A-40X-5 through 54X-CC, 3713 mbsf) is correlated to the
Fataga interval and Subunit IVB (54 m, Sections 157-955A-55X-1
through 60X-4, 513567 mbsf) to the Mogéan. At Hole 956B, Subunit
IVA (Fataga; Sections 157-956B-23R-1 through 38R-4, 3&/13.5
mbsf) is 150 m thick, and Subunit IVB (Mogéan; Sections 157-956B-
39R-1 through 43R-2, 522:664.1 mbsf) is 41.5 m thick. The volca-
niclastic interval corresponding to the Mogan and Fataga Groups
therefore is more than twice as thick at Hole 953C (452 m) than at
Holes 955A (193 m) and 956B (197 m). This doubled thickness in the
northern and more distal site is surprising, because it is the southern
half of Gran Canaria that is dominated by great thicknesses of the
Mogan and Fataga ignimbrites, lavas, and tuffs (Fig. 1). We suspect
this difference results from Hole 953C being drilled on the flat floor
of the northern depositional basin, where turbidites probably slowed
down and deposited more material, whereas the southern sites are
closer to the steeper slopes of the island. A second factor may be that

: . " = subalkalighe major northeastern outlet of the caldera basin is thought to have
rhyolite, T = trachyte, C = comendite, CT = comenditic trachyte, and P

“channelized outflow of pyroclastic flows erupted inside the caldera

basin.

General Lithology of the Fataga and Mogan
Stratigraphic Intervals

Apart from the overall thickness differences and contrasts be-
tween particular volcaniclastic units and smaller stratigraphic inter-
vals, the general lithology of the volcaniclastic deposits and their in-
terlayered nonvolcanic sedimentsis fairly similar between sites and
isthus discussed together below. The units have been subdivided pri-
marily based on variationsin the type and abundance of major volca-
niclastic components as well as mineral and glass compositions.

Fataga I ntervals (Subunits | VA and | VB at Hole 953C and
Subunit ' VA at Holes 955A and 956B)

Volcaniclastic layers correlated to the Fataga phase are green,

niclastics to the felsic volcaniclastic sediments at the logged Holelsthic-crystal-vitric sandstones and siltstones. Rock fragments are
953C and 956B is characterized by sharp increases in density, sotypically clasts of trachyphonolitic lava flows and ignimbrites. The
velocity, and resistivity, as well as an abrupt increase in potassiurabundance and thickness of vol caniclastic sandstones and pumiceous
thorium, and uranium contents. Similarly, an abrupt decrease in penits increase markedly downcore.

tassium, uranium, and thorium contents and, to a lesser degree, resis-The volcaniclastic sediments aternate with medium-bedded
tivity reflects the pronounced decrease in supply of volcaniclasticgreen to dark gray, nannofossil claystone and claystone that grade
from lithologic Units IV to lll, the late Miocene volcanic hiatus in the downward into thin siltstone or sandstone bases. The upper contacts
evolution of Gran Canaria. In the downhole logs, the Mogéan volcaniere moderately to extensively bioturbated, whereas lower contacts
phase, consisting of highly evolved rhyolitic ash layers, is well charare aimost aways sharp. Many of the siltstone and sandstone bases
acterized by high uranium and thorium values. The density, resistivare paralel-laminated, or more rarely, cross-laminated. Such units
ity, and sonic velocity logs show an increasing lithification trend withareinterpreted asthe deposits of turbidity currentsthat interrupted the
depth through the Fataga phase but less indurated lithologies withbackground pelagic sedimentation of nannofossil chalk. The clay-
higher degree of variance in the Mogan phase. Logging data at Hodone parts of these units consist of ~75 vol% clay minerals, 10 vol%
956B also indicate that tuff layers begin to appear in Core 157-956Bwannofossils, 10 vol% foraminifers, and 5 vol% volcanogenic crys-
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Figure 5. Chemical stratigraphy of Mogéan Group.

tals. Nannofossil-bearing sediments may form the top of graded units
or occur as interbeds with gradational contacts to the surrounding
sediments.

Thickness and grain size of the tuffs and lapillistones increase
downward. Thick, bedded tuffs with varying proportions of lithic,
crystal, vitric, and biogenic clasts are commonly structureless with
sharp basal contacts and bioturbated tops. Normal size grading, re-
verse in pumice-rich beds, and a transition to parallel-laminated
structures in their tops are common. Tuffs contain particles with
greatly contrasting density, such as vesicular pumice and dense, ma-
fic rock fragments. Some tuffs are composed almost entirely of vitric
components, such as pumice and glass shards, with minor amounts of
crystals and lithoclasts. Pumice and scoria fragments range up to 5
mm, vary from white to black, and are highly vesicular. Zeolitized
tuffsare common in SubunitsIVA and 1VB (Hole 953C) and Subunit
IVA (Holes 955A and 956B), whereas glass shards are generally less
altered in the Lower Mogan subunits at all sites.

Mogan Intervals (Subunit IVC in Holes 953C, 955A, and 956B)

The lower subunits are distinguished from the overlying mixed
sediments primarily by a greater abundance of coarse and fine vitric
material in the tuffs. Most striking in the lower lithologic units are
pumice-rich massive units and thick tuffs consisting entirely of glass
shards. Discrete, vitric-rich tuffs and lapillistones commonly occur
throughout and are interbedded with subordinate amounts of nanno-
fossil mixed sedimentary rock or nannofossil chalk. Calcareous sands
arerare and usually occur as thin beds composed of a mixture of for-
aminifers, crystals, and lithics. Tuffs commonly grade upward into
nannofossil mixed sedimentary rock, nannofossil claystone, or clay-
stone, with abundant fine-grained glass shards and crystals. The de-
posits typically have sharp bases and bioturbated tops.
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Several compositionally distinct ignimbrites studied on land have
been recognized in the volcaniclastic units by virtue of their distinc-
tivemineralogical characteristics. For example, acrystal-vitric tuff in
Section 157-955A-58X-5 contains trace amounts of titanite, a diag-
nostic indicator of ignimbrite X from the middle Mogan Group
(Schmincke, 1969, 1976). A pumice lapilli tuff in the same section
contains phenocrysts of phlogopite, a characteristic feature of ignim-
brite A from the Upper Mogan Group on Gran Canaria.

Surprisingly, sideromelane occurs in many volcaniclastic layers
chiefly in the Mogén interval at all three sites and even forms a dis-
tinct hyaloclastite tuff in Hole 956B. The correlation to two local (T3
and T6) and one widespread (T4) subaerial basalt member is reason-
able, but not conclusive. Only the widespread T4 lavas can be con-
sidered large enough to be reasonably correlated. The correlation is
permissible, although not unique, because sideromelane composi-
tions from other volcaniclastic units that are definitely younger or
older could be correlative as well. Instead, we believe the sider-
omelane shards to have formed during submarine eruptions, roughly
synchronously with the silicic/evolved tuffs in which they are con-
tained, as discussed in Schmincke and Sumita (Chap. 16, this vol-
ume).

MINERALOGY

Phenocryst Mineralogy of Subaerial Mogan and
Fataga Ignimbrites

A summary of the qualitative mineralogy of the ignimbrite cool-
ing units and interbedded fallout tephralayers is presented in Figure
3. The most common phenocryst in the Mogan and Fataga ignim-
brites above ignimbrite P1 is anorthoclase. Compositional variations
in feldspar phenocrysts through the Mogan and Fataga formations
were established by Schmincke (1969), who showed that feldspar,
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dominantly anorthoclase, becomes more potassic with decreasing Clastic Mineral Phasesin the Volcaniclastic Units

age, most likely reflecting decreasing Na/K ratios of the parental

magmas (Fig. 6). This trend is not unidirectional, however, because ~ Feldspars

some units, such as ignimbrite B (UMF), have more sodic feldspar

compositions than the underlying ignimbrite. Unfortunately, howev- The most common phenocryst phase in the submarine volcani-

er, the spectrum of compositions is too large in most units to allow clastic layers is anorthoclase approaching sanidine in composition in

unequivocal discrimination between adjacent cooling units, except in the Fataga volcaniclastic units. Feldspar crystals were analyzed in 28

some exceptional cases, such asP1, V, and P2. polished sections in Hole 953C from VU-7 (836.86 mbsf) to VU-100
Alkalic amphibole (edenite and richterite) is very common in the (602 mbsf), 20 polished sections in Hole 955A from VU-4 (564.45

more evolved, lower parts of most ignimbrites, but more aluminous mbsf) to VU-85 (495.36 mbsf), and 21 polished sections in Hole

and calcic amphibole occurs in ignimbrites P1, P2, and A. Clinopy- 956B from VU-7a (563.45 mbsf) to VU-107 (468.48 mbsf). The data

roxene is aminor but common phase in most units and orthpyroxene  are presented in Table 2 and Figure8.6To facilitate stratigraphic

is present in the Lower Mogéan cooling units (U, VI, VL, P2, and TL).correlation of the volcaniclastic units with the land stratigraphy, we

Zircon microphenocrysts occur in cooling units PI, U, VI, VL, and have also analyzed feldspar compositions in 20 polished thin sections

P2, titanite has been found only in ignimbrite X, phlogopite only infrom both Mogan and Fataga subaerial cooling units (Fig. 6).

A and in the transitional ignimbrite F, and chevkinite crystals occuL .

generally as inclusions in amphibole, especially in ignimbrites X, A-OWer Mogan Phase

and O, and, very rarely, in P1. The chemical feldspar stratigraphy is well developed in all three

holes: the bimodal plagioclase/anorthoclase assemblage characteris-

tic for reworked tuff, P1 is found as high as VU-11a at Hole 953C

(Sample 157-953C-69R-5, 26—-33 cm; 836.86 mbsf), in VU-7 at Hole

gnimbrite | Stratigraphy 955A (Sample 157-955A-60X-2,140-144 cm; 563.8 mbsf) and in
‘ — VU-10 at Hole 956B (Sample 157-956B-43R-2, 8-11 cm; 562.68
5 ! e onaga g88e mbsf). Fairly homogeneous feldspar compositions (anorthoclase
' ;‘ - =t Or,45) a relatively high An,_g correspond to the most homogeneous
0 ; Upper Fataga gg:-;»g glass composition intervals of V-typefallout, ignimbrite, and lavain-
5 ! lonimbrites | 358+ | tervals on land. At Hole 953C, only one volcaniclastic unit (VU-14)
ows this composition corresponding to the relatively thin interv.
ol : - : 1D shows thi i ti ding to the relatively thin interval
5 i l Mo paege | 2 g O of V-type volcaniclastics. This feldspar composition isfound in VU-
‘ . - . o S5E X 15 at Hole 955A, whereas at Hole 956B very homogeneous feldspar
L el . A Ignimbrite P3 =10 compositions of V-type extend from VU-15 to VU-25, reflecting the
0] : Lower Fatag g §-‘§, < relatively thick succession of thiscomposition inthe extra-calderafa
5 ‘ ! ! onmbrtes. | SEE (D ciesin southwestern Gran Canaria
| ! :LL <
5 ‘ l Fallout w8 = Middle Mogéan Phase
) . | . PF1/PF2 5 o.g . X . i .
0] | 1§§ g E The compositions of glass shardsin tuffs correlated to ignimbrite
5 1 I S — - (see below) V and P2 are similar so we relied on the occurrence of
‘ . — e potassic feldspars (Ors,) to help identify VU-15 at Hole 953C as P2
g : : ‘ : iy . comendite fraction rather than V. VU-60 in Hole 953C also appears
E1s A ' g to represent ignimbrite P2. Feldspars are less potassic and more
2 0} i o § mixed in VU-24 at Hole 955A, and are more potassic than those in
g s | lnimbrie € | & V-type magma, corroborating the stratigraphic correlation made on
5 —n - kb : Ignimbrite D S the basis of glass composition. The absence of volcaniclastic layers
5 ‘ D om , S ; o o
2 I l | . Ignimbrite C 5 correlative to ignimbrite P2 based on glass compositions at Hole
§ . A .. ! . Ignimbrite B g 956B is also corroborated by the feldspar data. The submarine equiv-
5 | B l . Ignimbrite A ° o alent of the compositionally strongly mixed subaerial TL ignimbrite
5 ! - s |2 might be correlated to VU-17 at Hole 953C and VU-25 at Hole 955A,
) . | L . ommbrie© |2 10O but it is not present at Hole 956B. Ignimbrite X iseasily distinguished
. i Ignimbrite X L§L @ at al three holes by a very heterogeneous feldspar compositional
15 ! < O spectrum, with a distinct peak in Or-rich compositions, however.
10} ; é” Z This spectrum may reflect that of the source ignimbrite or may have
5 ' Ignimbrite TL s 1< resulted from erosional mixing by turbidites generated during and af -
' lgnimbrie P2 g Q ter emplacement of ignimbrite X, which incorporated less potassic
N 4 ] : o feldspar from underlying older deposits. VU-21 at Hole 953C and
5 I I | Rivoliiciava | & = VU-30 at Hole 955A are equivaent to ignimbrite O, but no equiva-
1 } : Eallout VE g lent wasfound in Hole 956B, most likely because of the very poor re-
e 4 ‘ om0 | € covery of Cores 157-956B-40R, 41R, and 42R at this hole.
? ' L §
P . i . Ignimbiite R 8 Upper Mogéan Phase
10 | “g Anorthoclase in VU-34 (Hole 955A) is less potassic than in the
| Ignimbrite P1 - under- and overlying units as in the more trachytic ignimbrite A.
o3 0 %5 ) ) =) Feldspar compositions are trimodal in VU-32 (Hole 956B), which
mol % Or corresponds to ignimbrite A. Although ignimbrite A is composition-

aly very heterogeneous, VU-32 is more strongly reworked than
Figure 6. Stratigraphic plot of mol% anorthoclase (Or) in feldspar phenoc- some of the other volcaniclastic units, suggesting that the heteroge-
rysts from the Mogan and Fataga groups. neity in feldspar compositions has resulted from erosional mixing.

231



M. SUMITA, H.-U. SCHMINCKE

Fataga Formation Middle Mogan Formation

B/ VU-121 + VU-31b

v VU-107 x VU-31la X

A VU-102 Lower Mogan Formation

© VU-94 B VU-25

0O vu-87 v VU-20

o VU-77B 4 VU-19

Upper Mogan Formation + VU-15

B VU-54 = VU-10 1
Figure 7. Feldspar compositions at Hole 956B. Sam- N ® VU-7d A F{f;gﬁgﬂg "
plesinclude: VU-107 (Sample 157-956B-33R-1, A VU-44 3 60
59-63 cm), VU-102 (Sample 157-956B-34R-2, 62— 8 VU3 % e \ n
70 cm), VU-94 (Sample 157-956B-35R-2, 101-110 o VU2 Upper Mogan
cm), VU-87a(Sample 157-956B-35R-4, 27-35 cm), Formation Or
VU-77b (Sample 157-956B-37R-1, 136-146 cm), ° .
VU-47 (Sample 157-956B-39R-2, 114-118 cm), Ab An
VU-39 (Sample 157-956B-40R-1, 68-71 cm), VU- % Lower & Middle Mogan
36 (Sample 157-956B-40R-2, 26-33 cm), VU-32 . —— Formations
(Sample 157-956B-40R-2, 129-133 cm), VU-31a — b A 50 50
and VU31b (Sample 157-956B-41R-1, 0-9 cm), Ab < 80 60 40 :
VU-19 (Sample 157-956B-42R-2, 0-5 cm), VU-15
(Sample 157-956B-43R-1, 0-8 cm), VU-10 (Sample . )
157-956B-43R-2, 8-11 cm), and VU-7d (Sample Feldspar compositions in Hole 956B
157-956B-43R-2, 85-89 cm). Ab - An

The highly peralkaline compositions of the major ignimbrites of The qualitative use of amphibole as a stratigraphically diagnostic
the Upper Mogén (B, C, and D) appear in Hole 953C with VU-32phenocryst mineral is compromised by the fact that amphibole also
The feldspars in this unit are heterogeneous, and feldspars with Grecurs in abundance in an exatic crystal-rich sandstone unit overly-
content of 31.2 are present. At Hole 955A, ignimbrite B probably coring the thick basal debris-flow deposit at Hole 956B and sporadically
relates to VU-29 because feldspars in ignimbrite B are relativelyn other hyaloclastites. We have interpreted this amphibole as “xe-
sodic. VU-44 in Hole 956B might correlate with ignimbrite B. The nocrystic,” probably derived from admixture of Gomera beach sands
correlation of volcaniclastic units to ignimbrite C at all three holes ifSchmincke and Segschneider, Chap. 12, this volume). Qualitatively,
still uncertain. The highly evolved, pantelleritic ignimbrite D is rec-this amphibole is commonly slightly darker and more rounded than
ognized in all sites by the highly peralkaline composition of glass. Aamphibole derived from Mogan Group ignimbrites. These amphib-
Hole 953C, we correlate VU-36 to ignimbrite D, and the feldspawoles also differ in their composition from those of the Mogan and Fa-
population contains several very potassic crystals, the most potassaga Group volcanics.
being Ot ,. The feldspar population is quite heterogeneous compo- Amphibole phenocrysts in the Mogan and Fataga volcaniclastic
sitionally, but the nature of the volcaniclastic unit suggests direct detayers occur basically as two end-members with much variation in
ivation from an ignimbrite eruption, so that the more sodic feldspardetween (Table 3; Figs. £02). One end member is calcic amphi-
which range to albitic plagioclase, may reflect the large compositionbole, mostly kaersutite with relatively low concentrations giON&,
al spectrum of compositionally zoned ignimbrite D. No feldspar fromSiO,, MgO, KO, FeO, MnO, Al,O; and CsCO;. Those in ignim-

this unit has been analyzed at Hole 955A. brite P1, and to a lesser degree in P2, are darker colored and common-
. 3 ly intergrown or associated with Fe/Ti oxide, apatite and, in the case
Transitional Mogan/Fataga and Fataga of P1, zircon. The kaersutites mainly occur in volcaniclastic layers

Sampling and analysis of volcaniclastic units above ignimbrite D derived by erosion of P1, as incorporated crystals in volcaniclastic
has not been as detailed as that for the Mogan-related volcaniclastiyers of the V interval, and sporadically in other layers. The other
units. At all three holes, feldspars become slightly more potassic wittnd-member is sodic richterite with relatively high concentrations of
decreasing age. For example, most feldspars in VU-42 to VU-60 &a,0, F, SiQ, MgO, MnO, slightly higher KO and FeOcontents,

Hole 953C range from @yto Or,;; with even more potassic feldspars and lower alumina, calcium and titanium contents. These pale-
in younger units. Or contents as high ag@re found in VU-100 colored, alkalic amphiboles dominate in nearly all ignimbrites start-
(Sample 157-953C-45R-2, 404 cm; 602 mbsf). Or contents as high ing with TL up to E. Amphiboles in ignimbrites X and A, and to a
as 33.5 are reached in VU-67 at Hole 955A, Or = 35.2 is reached lasser extent O, contain deep reddish brown, strongly pleochroic in-
VU-75, and 36.6 is reached in VU-81 at 496.8 mbsf. Feldspars a@usions of chevkinite. The rare amphiboles in the Fataga Group ap-
less potassic in the younger cores at Hole 956B, which is most distgmtar to be compositionally similar to those from the Mogan Group.
from the presumed Fataga eruptive center. It is not known whether In Hole 953C and in Core 157-955A-53X, probably the most
the more potassic ignimbrites erupted during Fataga time reached thighly evolved amphibole occurs in volcaniclastic layers correlated
coast in southwest Gran Canaria. The compositional heterogeneitytis ignimbrites C and D (VU-35 and 36), at Hole 953C in VU-47 and
pronounced in most volcaniclastic units of the Fataga interval. Thi§2 at Hole 955A, and in VU-47 in Hole 956B. In these units, as well
is expected because of the smaller volume of the ignimbrites, thelts some of those correlated tentatively to ignimbrite B, the elements
more restricted aerial extent relative to most Mogan ignimbrites, an, Na, and, in the case of ignimbrite D, Fe reach the highest concen-
the terrain in the south, which became more dissected during Fatayations. In summary, the amphibole chemical stratigraphy has turned
volcanism. out to be especially diagnostic because of the pronounced differences

) in chemical composition between the two end-members.
Amphibole

Amphibole is the most common mafic phenocryst phase, apaffyroxenes
from Fe-/Ti-oxides, in the Mogan Formation, but is relatively rare in
the Fataga Formation and is generally restricted to ignimbrites. The Pyroxenes fall into three compositional groups, distinguishable
only stratigraphic intervals where amphibole does not occur in thby color: augite and titanaugite, hypersthene, enstatite, and aegirine.
Mogéan are the ignimbrites U, VL, and VI and related fallout tuffs.Aegirine augites are rare (Figs. 13-15).
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Table 2. Representative EM P analyses of feldspars from Holes 953C, 955A, and 956B

Hole, core, section:

953-69R-5C 953C-69R-5 953C-69R-1 953C-68R-4 953C-67R-3 953C-67R1 953C-66R-3 953C-65R-5 953C-64R-3

Interval (cm): 26-33 26-33 0-7 56-60 102-104 148-150 16-22 93-98 72-75
Depth (mbsf): 836.86 836.86 8311 826.07 815.61 813.18 805.03 798.56 786.14
Volcaniclastic unit: VU-1la VU-1la VU-14 VU-15 VU-20 VU-21 VU-29 VU-32 VU-36
Sample number: FP-1 FP-3 FP-2 FP-12 FP-1 FP-5 FP-7 FP-2 FP-6
Number of analyses: 2 2 2 2 2 2 1 3 1
(Wt%)
SO, 53.53 65.33 64.92 64.99 66.66 65.53 65.89 64.84 64.46
TiO, 0.16 0.03 0.03 0.06 0.07 0.04 0.03 0.05 0.02
Al,Oq 26.51 19.28 20.52 18.65 18.78 18.01 17.80 19.66 17.26
€O 0.53 0.45 0.47 0.64 0.97 1.65 1.55 0.45 1.96
MnO 0.01 0.05 0.03 0.02 0.02 0.00 0.04 0.01 0.07
MgO 0.10 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Ca0 10.25 0.80 1.22 0.15 0.09 0.01 0.01 122 0.00
Na,0O 5.38 9.42 9.53 7.78 8.39 7.96 7.74 9.60 7.44
K,O 0.66 271 2.23 5.46 4,58 5.22 5.53 2.20 6.12
BaO 0.143 0.218 0.243 0.090 0.201 0.020 0.074 0.301 0.051
SrO 0.184 0.014 0.027 0.261 0.165 0.229 0.194 0.020 0.187
F 0.026 0.045 0.041 0.050 0.019 0.037 0.000 0.026 0.055
Total: 97.47 98.35 99.25 98.14 99.94 98.70 98.87 98.39 97.63
ab 46.9 80.9 81.7 67.9 733 69.8 68.0 81.9 64.9
or 3.8 15.3 12.6 31.4 26.3 30.1 31.9 124 35.1
an 49.3 3.8 5.8 0.7 0.4 0.0 0.1 5.8 0.0

Table 2 (continued).

Hole, core, section:

953C-60R-3 953C-59R-6 953C-45R-2 955A-60X-2 955A-59X-6 955A-59X-1 955A-58X-1 955A-55X-4 955A-53X-3

Interval (cm): 0-6 105-112 10-14 140-144 61-67 51-53 119-125 19-25 0-7
Depth (mbsf): 747.42 742.97 602 563.8 559.31 551.71 542.79 517.59 496.8
Volcaniclastic unit: ~ VU-42 VU-44  VU-100 VU-7 VU-15 VU-25 vU-34 VU-67 Vu-81
Sample number: FP-3 FP-8 FP-5 FP-5 FP-4 FP-5 FP-2 FP-4 FP-7
Number of analyses: 1 2 2 2 2 2 2 2 2
(Wt%)
SO, 65.26 66.26 65.79 60.34 66.70 66.71 66.67 67.06 64.58
TiO, 0.08 0.06 0.08 0.08 0.02 0.07 0.09 0.08 0.03
Al,O5 18.82 18.49 18.91 23.63 19.55 18.79 19.48 18.54 20.76
€O 0.72 1.04 0.80 0.42 0.52 0.85 0.48 1.26 0.37
MnO 0.00 0.02 0.01 0.05 0.04 0.01 0.00 0.00 0.00
MgO 0.01 0.00 0.00 0.02 0.00 0.01 0.01 0.01 0.01
Ca0 0.10 0.04 0.18 5.37 0.63 0.09 0.36 0.03 154
Na,0 8.42 7.81 8.11 8.24 9.61 8.83 8.66 8.30 8.50
K,O 4.80 5.59 534 0.77 243 4,32 4,07 5.04 333
BaO 0.105 0.071 0.056 0.083 0.170 0.034 0.135 0.065 0.703
SO 0.264 0.145 0.106 0.000 0.018 0.140 0.089 0.156 0.000
F 0.095 0.033 0.042 0.014 0.067 0.032 0.042 0.020 0.000
Total: 98.67 99.56 99.43 99.02 99.76 99.90 100.09 100.55 99.83
ab 724 67.9 69.2 70.3 83.1 75.3 75.1 713 736
or 27.2 32.0 30.0 4.3 13.8 24.3 232 285 19.0
an 0.5 0.2 0.9 25.3 3.0 0.4 1.7 0.2 74
Table 2 (continued).
Hole, core, section:  956B-43R-2 956B-43R-1 956B-41R-2 956B-41R-2 956B-40R-2 956B-40R-2 956B-40R-2 956B-35R-2
Interval (cm): 8-11 0-8 115-132 0-9 129-133 129-133 129-133 27-35
Depth (mbsf): 562.68 561.10 544.52 541.90 535.09 535.09 535.09 488.48
Volcaniclasticunit: ~ VU10 VU-15 VU-25  VU-3la  VU-32 VU-32 VU-32  VU-87a
Sample number: FP-2 FP-5 FP-3 FP-11 FP-4 FP-7 FP-14 FP-7
Number of analyses: 2 2 2 2 2 2 1 2
(Wt9%)
SO, 61.78 65.75 64.66 66.47 66.15 65.62 63.32 67.20
TiO, 0.07 0.01 0.06 0.02 0.04 0.08 0.09 0.05
Al,O; 22.72 20.16 19.94 17.90 18.90 19.38 20.66 18.33
FeO 0.47 0.40 0.41 153 0.59 0.63 0.48 0.93
MnO 0.03 0.00 0.05 0.01 0.08 0.00 0.00 0.01
MgO 0.02 0.00 0.01 0.00 0.00 0.02 0.02 0.00
Ca0 4.79 1.12 1.04 0.02 0.18 0.73 2.16 0.05
Na,0 8.42 9.12 9.17 7.71 831 9.90 9.73 7.69
K50 0.88 2.48 2.99 5.44 5.04 2.22 1.05 5.97
BaO 0.159 0.253 0.277 0.036 0.091 0.291 0.408 0.041
SO 0.000 0.272 0.006 0.249 0.135 0.124 0.000 0.187
F 0.031 0.049 0.063 0.036 0.027 0.000 0.032 0.022
Total: 99.35 99.60 98.66 99.41 99.55 99.00 97.95 100.48
ab 72.3 80.3 78.3 68.2 70.9 84.2 83.7 66.1
or 5.0 14.3 16.8 317 28.3 124 6.0 33.7
an 22.7 54 49 0.1 0.8 34 10.3 0.2
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Figure 8. Stratigraphic plot of mol% Or in feldspar for = t t s g2
Hole 953C. Samplesinclude VU-60 (Sample 157-953C- ] o L el | Bl VU290 [A] D
55R-3, 74-82 cm), VU-46 (Sample 157-953C-59R-5, ! ! T '! ' wu21 o7 §
104-107 cm), VU-42 (Sample 157-953C-60R-3, 0-6 s : i : : | | g8
cm), VU-41 (Sample 157-953C-61R-3, 109-114 cm), 2 .n - ! VU-20 | X % S
VU-40 (Sample 157-953C-62R-1, 100-118 cm), VU-38 e E e | VU-16 39
(Sample 157-953C-63R-1, 40-48 cm), VU-37 (Sample | | T Uas, =
157-953C-64R-1, 62-74 cm), VU-36 (Sample 157- [ [ [ i —c
953C-64R-3, 72-75 cm), VU-31 (Sample 157-953C- [ [ [ VU7 eS¢
65R-6, 103-107 cm), VU-29 (Sample 157-953C-66R-3, ! ! ! ! 38w
16-22 cm), VU-21 (Sample 157-953C-67R-1, 148-150 " J——_ 2'0 " " g
cm), VU-20 (Sample 157-953C-67R-4, 53-59 cm), VU- < 5l & §
16 (Sample 157-953C-68R-3, 60-66 cm), VU-15 (Sam- mol % Or 55| 3%
ple 157-953C-68R-4, 56-60 cm), and VU-7 (Sample z
953C-70R-1, 57-65 cm).
Clinopyroxene Orthopyroxene
Brownish to lilac titanaugite is the most common mafic pheno- Orthopyroxene occurs as hypersthene with several compositional

cryst in the submarine and subaeria shield basdlts of Gran Canaria, subgroups distinguished by their trace-element concentrations (Table
and occurs as a ubiquitous detrital phase derived by erosion of the 5), especially high Mn concentrations. Mg-rich enstatite with very
shield basalts and hyal oclastites wherever abasaltic component is ad- low Mn concentrations occurs sporadically in some volcaniclastic
mixed to the felsic volcaniclastic layers. Indeed, “basaltic” clinopy-layers and are likely derived from mantle peridotite nodules. Hyper-
roxene even occurs in those volcaniclastic layers which lack tachylite&thene occurs chiefly in the subaerial upper LMF pyroclastics corre-
and crystallized basalt clasts. The basaltic titanaugites are richer §ponding to cooling units U, VL, VI, and associated fallout tuffs. The
CaO (>20 wt%), TiQ(1-5 wt%), ALO; (up to 8 wt%) and GO, (up lowermost MMF (P2) is also contains hypersthene. Smaller amounts
to 1 wt%) and poorer in Fé@nd SiQ than augites from the felsic of hypersthene occur in the uppermost mafic trachyte flow unit of
ignimbrites. Basaltic clinopyroxene is absent only in the purest, igseveral ignimbrites of the MMF and UMF, up to ignimbrite E and
nimbrite-derived, sandy volcaniclastic layers and in the vitric shar@lso in the trachyte component of ignimbrite P1.
tuffs. It also occurs as a phenocryst phase in the submarine hyaloclas- . .
tites. Extremely mafic (Cr-, Ni- and Mg-rich) clinopyroxene occurs”dirine
in the black lapillistones in Core 157-956B-32R, which are strati- Aegirine is by far the most common mafic phase in most subaerial
graphically equivalent to the Middle Fataga Formation (Table 4). Middle and Upper Mogéan ignimbrites as well as Fataga ignimbrites
Colorless to light green clinopyroxenes, slightly more Fe-rich anand lava flow cooling units. Aegirine, responsible for the striking
Ca-poor than the basaltic titanaugites, are most common in the uppgeen color of these rocks on land, occurs, however, exclusively as a
LMF stratigraphic interval, represented by cooling units U, VL, andgroundmass phase in the generally coarsely crystallized ignimbrites
VI and associated fallout volcaniclastic layers. They also occur in thand lava flows. Aegirine is not present in the peraluminous volcani-
uppermost mafic trachyte flow units of most ignimbrites of the MMFclastic units from the Lower Mogan or in those volcaniclastic layers
and UMF, and in P1, as well as in several Fataga-equivalent volcanelated to fallout ash layers or to ignimbrites that entered the sea, be-
clastic units. Clinopyroxene is more prevalent than orthopyroxene inause it formed only during cooling of the hot sheets. In addition, ero-
the subaerial deposits but even more common in the submarine veion was minor during the Mogan stratigraphic interval in southern
caniclastics because hypersthene is much more susceptible to altéran Canaria and the ignimbrites were, therefore, generally not dis-
ation than clinopyroxene. The Fe@hd MnO concentrations in these sected into their fully crystallized interior. Aegirine thus appears in
augites increase significantly in the Middle and Upper Mogan comminor traces only in volcaniclastic layers equivalent to the Upper
pared to the V-type tephra layers of the LMF. They remain high ifMogan but is more common in those equivalent to the Fataga interval
most volcaniclastic units of the Fataga interval. Clinopyroxene tranas well as in younger ash layers (PI. 2, Fig. 3). Aegirine occurs in sev-
sitional to aegirine (aegirine-augite) has been analyzed in a few patral volcaniclastic units starting with D-equivalent tephra (VU-36 in
ished thin sections from Upper Mogan and Fataga volcaniclastic laydole 953C) and many aegirines have been analyzed in volcaniclastic
ers from Hole 955A (Fig. 14). units from Hole 955A (Table 6). Aegirine with Tj@oncentrations
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as high as 10 wt% occur in the pantellerites from Gran Canaria xenocrystic basaltic titanaugite. Phlogopite is the most common ma-
(Schmincke, 1969) and TiO, concentrations as high as 7.5 wt% were fic phase in ignimbrites and fallout tephras throughout the ~4.5-m.y.-

analyzed from Fataga volcaniclastic units at Hole 953C (Fig. 13). long Fataga phase. No temporal changes in phlogopite composition
In summary, the pyroxene compositions are more useful for strati- have been identified, but the appearance of phlogopite in the volcani-
graphic correlation than those of the amphiboles. Moreover, the py- clastic units above the Mogén volcaniclastic units has been an ex-

roxenes form magnificent differentiation series similar to the classic tremely useful criterion to identify the beginning of Fataga-related
evolutionary trend of the amphiboles discussed earlier. The petrolog- volcaniclastic units.

ic implications of this broad spectrum of amphibole and clinopyrox- The composition of dark mica in Mogan-equivalent volcaniclastic

ene compositions will be discussed elsawhere. layers (P1, A) and those from Fataga volcaniclastic layers was deter-
mined in eight polished sections from Hole 953C and five polished

Phlogopite sections from Hole 956B (Plate 2, Fig. 1, Table 7). All micas are

phlogopite with very little variation. Fluorine concentrations are low-

. . o . e , er in phlogopites from volcaniclastic layers equivalent to ignimbrite
Phlogopite, like titanite, is unit specific in the Mogan Group 5 \hereas NzD and FeOcontents are slightly higher in this unit
where it exclusively occurs as a common but not a}bu_ndgnt IC?he”e(')mpared to those from most volcaniclastic layers of the Fataga
cryst phase in ignimbrite A, and in the topmost Mogan ignimbrite Fgyratigraphic interval. In summary, phlogopite, in contrast to all other

which is compositionally transitional to the Fataga Group. Ph|090p'tf)henocrysts, shows little variafion in chemical composition with

also occurs sporadically and in trace amounts in the Lower Mogaty atigraphy: its composition therefore is not useful as a stratigraphic
(e.g., in ignimbrite P1 and pre-U-ignimbrite-correlated fallout volca-,

niclastic units). These rare occurrences cannot be used as a strati- -

graphic tool, however, because phlogopite—commonly but not al-. .

ways partially to completely chloritized—was also supplied to thelltanite

depositional basins from an external source, most likely erosion of

phlogopite- bearing syenites on Gomera and possibly Fuerteventura Titanite is practically unique as a phenocryst phase in the Mogan
(Schmincke and Segschneider, Chap. 12, this volume). Because mi@esoup where it is the stratigraphically diagnostic phase in ignimbrite
settles slowly through the water column, this xenocrystic mica is X of the MMF. Hand-lens identification of titanite in ignimbrite X
minerological “vagabond” joining the common xenocrystic alkalichas been extremely useful on land, and the recognition of titanite un-
amphibole (see above) but much less common than locally deriveter the microscope aboard ship allowed us to unequivocally identify
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Figure 10. CaO, TiO,, N&0O, and F plotted vs. Al,O5 in amphibole phenocrysts and xenocrysts from Hole 953C for the (A) Mogan Formation and| Fataga For-
mation. Sample numbers include VU-60 (Sample 157-953C-55R-827m), VU-50 (Sample 157-953C-58R-2,-86 cm), VU-49 (Sample 157-953C-58R-4,
41-45 cm), VU-46 (Sample 157-953C-59R-5, 2087 cm), VU-44 (Sample 157-953C-59R-6, 4052 cm), VU-42 (Sample 157-953C-60R-36@m), VU-41
(Sample 157-953C-61R-3, 18814 cm), VU-40 (Sample 157-953C-62R-1, 4008 cm), VU-38 (Sample 157-953C-63R-1;-48 cm), VU-37 (Sample 157-
953C-64R-1, 6274 cm), VU-36 (Sample 157-953C-64R-3-78 cm), VU-35 (Sample 157-953C-95R-2,-98 cm), VU-32 (Sample 157-953C-65R-3,-98
cm), VU-29 (Sample 157-953C-66R-3,-22 cm), VU-21-3 (Sample 157-953C-67R-1, 131-138 cm), VU-21-2 (Sample 157-953C-67R150.46), VU-21-

1 (Sample 157-953C-67R-2, 7% cm), VU-20 (Sample 157-953C-67R-4;58 cm), VU-17 (Sample 157-953C-68R-1;-8@ cm), VU-16 (Sample 157-953C-
68R-3, 66-66 cm), VU-15 (Sample 157-953C- 68R-4:-66 cm), VU-14 (Sample 157-953C-69R-%70cm), VU-13 (Sample 157-953C-69R-2-69 cm), VU-
12b (Sample 157-953C-69R-2,-8 cm), and VU-12a (Sample 157-953C-69R-4,22cm).
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Figure 11. Ca0, TiO,, N&,0, and F plotted vs. Al,O3 in amphibole phenocrysts and xenocrysts from Hole 955A for the (A) Mogan Formation and3) Fataga
Formation. Sample numbers include VU-81 (Sample 157-955A-55%8,céh), VU-74 (Sample 157-955A-54X-CC, 4B} cm), VU-67-2 (Sample 157-
955A-55X-4, 813 cm), VU-67-1 (Sample 157-955A-55X-4,-2% cm), VU-66 (Sample 157-955A-55X-4,-4% cm), VU-63 (Sample 157-955A-56X-1,
126-131 cm), VU-60 (Sample 157-955A-56X-3,-% cm), VU-52 (Sample 157-955A-57X-2, 1340 cm), VU-47 (Sample 157-955A-57X-3,-9& cm),
VU-39 (Sample 157-955A-58X-1, #47 cm), VU-36 (Sample 157-955A-58X-1,-88 cm), VU-30 (Sample 157-955A-58X-4,-776 cm), VU-27 (Sample
157-955A-58X-5, 7278 cm), VU-24 (Sample 157-955A-59X-2,-46 cm), VU-7 (Sample 157-955A-60X-2, H44 cm), and VU-4 (Sample 157-955A-
60X-3, 5561 cm).

the volcaniclastic layer equivalent to ignimbrite X in al three holes.
Titanite also occurs, in lesser amounts, in several ignimbrites and
lava flows of the Fataga Group. Similarly, it occurs sporadicaly in
some volcaniclastic layers of the Fatagainterval, but we have not yet
attempted unit-specific correlations. More detailed analysis of trace-
element concentrations, which has proved stratigraphically useful in
titanite-bearing ash layers from Tenerife (Rodehorst et a., Chap. 18,

this volume), is being extended to titanite from Gran Canaria (M.
Sumita, unpubl. data).

Fe/Ti Oxides

The ubiquitous Fe/Ti oxides have not yet been analyzed in many
samples and it is uncertain if their compositions will be of strati-
graphic importance.
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Table 3. Representative EM P analyses of amphiboles from Holes 953C, 955A, and 956B.

Hole, core, section:

953C-69R-4 953C-69R-2 953C-68R-4 953C-67R-4 953C-67R-4 953C-66R-4 953C-65R-2 953C-64R-3 953C-60R-3 953C-58R-2

Interval (cm): 22-29 75-81 56-60 53-59 53-59 16-22 94-98 72-75 0-6 76-80
Depth (mbsf): 835.58 833.74 826.07 816.49 816.49 805.03 794.49 786.14 747.42 727.43
Tephra unit: U-12a U-12b U-15 U-20 U-20 U-29 U-35 U-36 U-42 U-50
Sample no.: AMP-1 AMP-1 AMP-1 AMP-2 AMP-6 AMP-5 AMP-4 AMP-6 AMP-8 AMP-5

Number of analyses: 2 2 1 1 2 2 2 1 1 2
(Wt%)
SO, 39.38 38.36 49.64 50.58 47.34 39.02 52.79 52.65 51.40 49.87
TiO, 5.60 5.70 1.76 121 2.82 5.45 1.65 1.56 1.84 2.40
Al,O4 13.42 14.08 3.25 1.43 4.47 12.72 1.27 1.02 114 3.80
FeO* 10.84 10.96 13.05 14.15 9.66 12.64 11.20 13.27 14.90 9.91
MnO 0.17 0.09 1.15 1.78 1.03 0.19 0.99 0.95 0.91 0.99
MgO 12.99 12.53 15.50 13.71 16.59 11.90 16.12 15.24 1357 16.88
Cao 12.20 12.40 7.66 5.43 8.13 11.83 4.25 312 2.87 7.32
Na,0O 2.60 2.65 454 6.18 4.60 2.95 7.11 7.95 8.03 5.02
K,0O 0.82 1.05 0.79 1.02 0.76 1.06 0.92 0.98 1.16 1.04
P,O5 0.03 0.07 0.10 0.00 0.07 0.14 0.00 0.03 0.04 0.02
BaO 0.173 0.065 0.065 0.078 0.057 0.160 0.000 0.000 0.000 0.100
F 0.246 0.393 2.028 2.899 1.635 0.264 2.256 2.350 2.439 1.762
Cl 0.013 0.021 0.000 0.000 0.021 0.023 0.008 0.003 0.006 0.011
Cr,05 0.01 0.02 0.02 0.05 0.02 0.05 0.00 0.05 0.01 0.04
NiO 0.00 0.03 0.00 0.00 0.03 0.04 0.01 0.00 0.00 0.01
Total: 98.47 98.43 99.56 98.51 97.23 8.44 98.57 99.16 98.30 99.18

Table 3 (continued).

Hole, core, section:

955A-60X-3 955A-60X-3 955A-59X-2 955A-58X-5 955A-58X-1 955A-58X-1 955A-57X-2 955A-56X-1 955A-56X-1 955A-53X-3

Interval (cm): 55-61 55-61 44-46 72-78 16-17 16-17 104-110 126-131 126-131 0-7
Depth (mbsf): 564.45 564.45 553.14 548.32 541.76 541.76 534.54 523.66 523.66 496.80
Tephraunit: U-4 U-4 U-24 U-27 U-39 U-39 U-52 U-63 U-63 U-81
Sample no.: AMP-3 AMP-10 AMP-1 AMP-4 AMP-1 AMP-15 AMP-2 AMP-4 AMP-10 AMP-2

Number of analyses: 2 2 2 2 1 2 1 2 2 2
(Wt%)
SO, 45,18 38.69 49.73 49.80 51.47 40.52 50.26 48.46 44.83 42.34
TiO, 2.78 5.22 1.85 1.07 153 5.07 1.45 2.80 3.27 4.66
Al,Oq 7.97 1341 3.27 1.52 227 10.09 1.16 5.35 8.74 9.18
FeO* 10.69 10.34 9.18 15.05 10.55 10.20 13.04 9.63 10.47 10.34
MnO 1.01 0.14 1.07 2.05 1.45 0.31 1.25 0.98 0.74 0.62
MgO 15.82 12.77 17.05 12.82 16.04 13.30 14.42 17.13 15.53 14.26
Ca0 10.61 11.64 8.03 5.43 6.73 10.87 4,16 8.79 10.77 10.82
Na,O 3.08 2.15 4.84 6.54 5.70 2.73 7.26 4.36 3.12 341
K,0 0.60 1.03 0.79 1.06 0.76 0.76 0.87 0.73 0.69 0.96
P,05 0.06 0.05 0.02 0.00 0.01 0.06 0.00 0.07 0.05 0.06
BaO 0.019 0.112 0.032 0.059 0.075 0.107 0.093 0.046 0.070 0.137
F 1.113 0.303 2515 3.016 2.198 0.553 2272 1.507 1.054 0.735
Cl 0.022 0.010 0.015 0.017 0.010 0.011 0.020 0.010 0.029 0.031
Cr,0;4 0.03 0.00 0.00 0.01 0.01 0.03 0.02 0.01 0.00 0.02
NiO 0.02 0.03 0.01 0.03 0.05 0.04 0.07 0.01 0.01 0.00
Tota: 99.00 95.90 98.41 98.46 98.85 94.65 96.34 99.88 99.37 97.57

Table 3 (continued).

Hole, core, section:

956B-43R-2 956B-43R-2 956B-41R-1 956B-41R-1 956B-40R-2 956B-39R-2 956B-39R-1 956B-33R-3

Interval(cm): 85-89 8-11 0.9 0.9 26-33 114-118 90-98 112-118
Depth(mbsf): 563.45 562.68 541.90 541.90 534.10 525.00 523.50 468.48
Tephraunit: U-7a U-10 U-3la U-36 U-47 U-54 u-107
Sample no.: AMP-5 AMP-3 AMP-6 AMP-14 AMP-9 AMP-4 AMP-1 AMP-2
Number of analyses: 2 2 2 2 2 2 2 2
(wt%)
SO, 45.66 44.96 43.37 51.51 52.99 42.32 47.16 48.94
TiO, 1.87 2.86 341 1.20 1.45 3.79 257 2.93
Al,O4 8.07 8.01 8.75 2,01 1.06 14.15 6.03 4.16
FeO* 9.68 10.58 10.50 12.10 13.46 13.05 10.10 8.99
MnO 0.20 1.05 0.60 1.66 1.36 0.17 1.02 0.67
MgO 17.71 16.41 1553 15.36 15.17 6.18 16.36 17.21
Ca0 9.98 10.43 10.69 6.24 3.76 1257 9.51 7.76
Na,0 4.13 3.06 3.00 5.14 7.51 4.42 3.95 4.73
K,0 0.74 0.65 0.76 1.01 1.05 1.28 0.71 0.87
P,O5 0.06 0.12 0.12 0.03 0.02 0.97 0.03 0.08
BaO 0.075 0.014 0.049 0.055 0.024 0.066 0.046 0.040
F 0.204 1.160 1.021 2.935 2.222 0.183 1.352 1.656
cl 0.007 0.057 0.041 0.005 0.014 0.038 0.007 0.014
Cr,0;4 0.01 0.03 0.01 0.03 0.03 0.05 0.01 0.00
NiO 0.06 0.02 0.02 0.03 0.01 0.05 0.02 0.00
Total 98.44 99.40 97.87 99.29 100.13 99.30 98.88 98.07
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Figure 12. Ca0, TiO,, N&0O, and F vs. Al,O5 in amphibole phenocrysts and xenocrysts from Hole 956B for the (A) Mogan Formation and3) Fataga Forma-

tion. For sample numbers see Figure 9.

Chevkinite

The rare and small accessory phase chevkinite, characterized by
very strong pleochroism, occurs asacommon accessory phase within
amphiboleinignimbrites X and A, lesscommonly in O, and extreme-
ly rarely in P1. In tuffs correlated with ignimbrite X it also occursin
rarelarge phenocrysts (Pl. 2, Fig. 2). Both chevkinite and zircon have
been very useful in correlating specific volcaniclastic layers to their
correlative subaeria unit.

Zircon

Zircon is a characteristic accessory phase in al peraluminousig-
nimbrite units and fallout tuffs of the LMF. It istypically intergrown
with amphibole and magnetite in ignimbrite P1 and with magnetitein
the other units. Zircon crystals do not occur in the more evolved, per-
alkaline units most likely because it is more soluble in peralkaline
magmas. We have found zircon in most volcaniclastic units corre-
sponding to Lower Mogan ignimbrites.
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Figure 13. A. TiO,, Al,O3, Cr,03, MgO, SIO,, FeO, MnO, and Na,0O vs. CaO in pyroxenes from Hole 953C for the Mogan Formation.

CHEMICAL COMPOSITION OF FELSIC GLASS
SHARDSAND BULK VOLCANICLASTIC ROCKS
AND COMPARISON WITH IGNIMBRITES

Ignimbrites

Chemical analyses of the subaerial ignimbrites (Fig. 16) are main-
ly of whole rocks, although some individual fiamme have been ana-
lyzed. Theserocks contain variable amounts of phenocrysts, are com-
monly comprised of two or more magmatic components, and are
crystallized (devitrified at high and low temperature), or, in the case
of vitrophyres, diagenetically altered. Moreover, nearly al Gran Ca-
naria ignimbrite cooling units are strongly compositionally zoned,
with the most evolved compositions occurring generally at the base
of acooling unit.
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Bulk Composition of Volcaniclastic Sediments

Forty bulk-rock samples, mainly vitric tuffs with <10 vol% other
clasts, chiefly foraminifers and nannofossils, were selected from
thicker volcaniclastic units for bulk XRF analysis of major and trace
elements. We did not separate xenoclasts (e.g., bioclasts and basaltic
lithoclasts) from the vitroclasts, because we have already analyzed
volcanic glass and major phenocryst minerals in the same samples.
We have also reanalyzed the powders of 40 whole-rock samples pre-
pared and analyzed aboard ship. We note that the agreement is excel-
lent for nearly al major and trace elements. Both coarse (sand) and
fine-grained (silty) sediments were analyzed. The samples include
relatively pure vitric tuffs as well as sandstones composed of biogen-
ic debris, volcanic rock clasts and single crystals. We subdivided the
analyzed rocksinto three simple categories: (1) vitric tuffs composed
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Figure 13 (continued). B. TiO,, Al,O3, Cr,0O3 MgO, SiO,, FeO, MnO, and Na,0O vs. CaO in pyroxenes from Hole 953C for the Fataga Formation. Samples
include VU-100 (Sample 157-953C-45R-2, 10-14 cm), and those mentioned in Figure 10.

dominantly (generally >90%) of bubble-wall and bubble-junction
shards and, less commonly, nonvesicular blocky shards and pumice;
(2) mixed rocks consisting of varying proportions of glass and crys-
tals from the felsic volcanics, basaltic accidental clasts, mostly from
the shield basalts, and sideromelane shards. These compositions are
especialy heterogeneous, because they commonly contain a large
proportion of avery broad spectrum of skeletal debris, especially for-
aminifers, echinoderms, coralline algae, and shell fragments; (3) ba-
sdtic sandstones that consist dominantly of basaltic lithoclasts and
underlie the felsic vol caniclastic sequence or occur in the lower part
above tephra equivalent to ignimbrite P1. All analyses were recalcu-
lated carbonate-free to account for the abundance of CaCO; contrib-

uted from biogenic material. The results are given in Table 8 and
shown in Figure 16.

EMP Analyses of Glass Shards and Vitrophyre Glasses

Glass shards were analyzed in 19 polished sections from Hole
953C, 19 from Hole 955A, and 16 from Hole 956B. On average, ~15
shards were analyzed in each section, resulting in more than 3000
analyses of glass shards. In some sections, we analyzed up to 25
shards and each analysisis the average of two to three points on one
shard. On some of the large glass shards, we have run traverses with
up to 10 analyses (Table 9). The compositions of fresh glass shards

241



M. SUMITA, H.-U. SCHMINCKE

A. Mogan Formation
B m T " T T T
30 [ ] 119 Hole 955A
L _ EE% (Upper Mogan Formation
~ I'e - Hik, 4 = A VU-66:
S L , > B VU-63:Eor F?
< 20 N >
g0 1r 18 & N VU-60: E?
S [ s e ilE | [ o 1l =| @ wvus2p
) L o Q\J O VU-4T:
glof vk 4 g v VU-39:BorC?
g ° 10 ] o VU-36:
0ok T ] e g viddle Moga Formati
e | . | . . | . L@ 2R ‘ o |0 iddle Mogan Formation
1 ‘ T T T T T \ T ‘ \ \ T T 4 O VU-30: 0
| | X VU-27: X
—_ 4+ VU-24: P27
°\°_ r o R I * Lower Mogan Formation
s | Am - m S| m vuisViype
\;05 B % A § ® VU-7:Vtype
O 10 12 = VU-4:
3051, a <& e y,
5 S R S :
L QN 4y W o +VsA 4 =
, v %§ oo
0B o RN . T o
T I T I T I T I T I T I I T T T 30
ol = aeF g i
- v 1R v ,
L) O =
S 1te © 420
S F i ST 1 =
s g |8 13
= . —
S g g
< _Sag g%;”ﬁ. |
- *5 0y - W m
0N I IN, Q . | TR ‘ ‘ I ‘ \ s I ‘ I ‘ 0
8 . \ . \ . T : T , 5B T : T . ; . ; N
—_ % 1 b Ol us ] —_
S ] %& A .‘%AJ'I! ] S
S o PR
= 4 NV LV V% - 48<=
~ ~ H 0O~ ~
Q O °2 1 Q
[ [9)]
@O L:Jﬂ O % 7]
i Ny o ]
0 _@. \ . \ . \ \ ‘ I ‘ I ‘ 40
0 5 10 15 10 15 20 25

CaO (wt.%) CaO (wt.%)

Figure 14. A. TiO,, Al,O5, Cr,05, MgO, SiO,, FeO, MnO, and Na,O vs. CaO in pyroxenes from Hole 955A for the Mogan Formation. For sample numbers see
Figure 11.

were compared to those of the vitropyres of 12 ignimbrites on Gran At Hole 955A, glass shards were analyzed in 21 samples, from in-
Canaria. Results of these analyses are shown in Table 10 and in Fig- terval 157-955A-60R-2 (140144 cm; 563.8 mbsl) through 53R-2
ures 17-19. (07 cm; 496.8 mbsl). In this 60-m interval, relatively good glass
The following types of glass were analyzed: (1) fresh vitrophyricanalyses with totals between 95 and 99 wt% are found in each sam-
glasses from 12 ignimbrite cooling units; (2) colorless, glassy bubblegsle, and are thus regarded as the best data set. Most low tot&lS (98
wall and bubble-junction shards; (3) brown glass that occurs commom#t%) occur in VU-52 (Sample 157-955A-57X-2, 1340 cm),
ly in compact, blocky, nonvesicular clasts derived from welded ignimwhich corresponds to the peralkaline glass of ignimbrite D. At both
brite; (4) glass rims around feldspar crystals; and (5) glass inclusions kioles 955A and 956B, many samples contained 10 or more shards
feldspars, amphiboles, and clinopyroxenes. Here, we will concentrateith analytical totals exceeding 93 wt%, thus permitting reasonable
on the bulk of the analyses represented by groups 1, 2, 3, and 4. Téenclusions to be drawn. In a few cases, totals as low as 90 wt% were
difference in chemical composition between glass shards and melt imcluded, provided the N& concentrations were significantly higher
clusions in phenocrysts will be discussed elsewhere. The quality of ttiean those of KD. In all samples from Hole 953C, totals >93 wt% are
analyses, as expressed by the totals, varies significantly with glasgceptional and indeed totals >91 wt% are rare. In about one-third of
composition, stratigraphy, and between holes. the samples, totals as low as 90 wt% and rarely as low as 89.5 wt%
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Figure 14 (continued). B. TiO,, Al,O3, Cr,03, MgO, SIO,, FeO, MnO, and N&,0 vs. Ca0 in pyroxenes from Hole 955A for the Fataga Formation. For sample

numbers see Figure 11.

were included to provide a significant number of glass analyses to
identify the chemical stratigraphy of Hole 953C and to aid in deter-
mining the stratigraphic correlation of a volcaniclastic unit. In these
analyses, the elements alumina, iron, and titanium turned out to be
most stable. No analyses were sel ected with K,O > Na,O. Because of
the strict criteriafor selection, less than five compositions were cho-
sen for haf of the samples, and only one sample (VU-41) had >10
glass analyses whose analytical sums fell within the limits.

Glass shards from Hole 953C tend to be more altered, based on
the low analytical totals. Glass was analyzed in 40 samples from this
hole from VU-12ato VVU-49. Throughout the 14 samples represent-

wt% are slightly more common in stratigraphically higher samples.
The closer proximity of Hole 953C to the area of young subaerial and
submarine volcanism in northeast Gran Canaria is considered the
most important factor in causing more advanced alteration of the fel-
sic glasses; unfortunately, no detailed temperature measurements
were taken at Hole 953C.

CHEMICAL STRATIGRAPHY
Subaerial Deposits

ing the Mogan and six samples representing the transitional group, The stratigraphic subdivisions of the Mogan Group into the LMF,
totals are generally less than 92 wt%, except in the more alumina-ridMF, and UMF were based on chemical and mineralogical differ-

glasses from VU-29 (Sample 157-953C-66R-3;26 cm), which

ences and on major lithological changes (Figs. 3, 20). The volcanic

correlates to the trachytic ignimbrite A. Totals between 91 and 97ocks of the LMF are characterized by relatively high silica concen-

243



M. SUMITA, H.-U. SCHMINCKE

A. Mogan Formation

Y = Hole 956B
30 1F 112 -
I 11 (Upper Mogan Formation
— - >¢ 4 O - — 0 Vu-47:D
S 1 S 0 VU-45
E‘ 20 v 10 18 E o  VU-39:
= L alilbe | | = A VU-36:
) L %i‘l;-. . Q\l Middle Mogan Formation
210t v 4+ 14 S| o w2
i 1 +  VU-31b: X
- 1r O] X VU-3la: X
o | | | | [ we. | L m 0 Lower Mogan Formation
1 T T T T y T T i T y T T 4 v VU-19: V type
I 1L ¥ ] ® VU-15:V type
— [ | A VU-15:V type
s I, 1hy 1 | & wuio
g AQ I v e wra )
Sosf &by & 12 £
O QO% . x @)
O v 9% ix c
. S . | P o 4 s
) © e
| .. 1 3 o)
0 Igme ! ! ! YM_‘.‘I!VI v ! ! ‘ ! ‘ ’fﬁlg 0
T T T T T T T T T T T T T T
] o 1l 30
8 1 1= f
] a [ 3
Q - 1203
% - | -
s on) 4 M 2
= .J | 171 % N :/
Om 4k oy - i 1 O
= T % {100
< b “ %
s& T -
0 Igw.. ! ! ! V%"‘ ! ! ! ! ! 0
8 T T T T L v T T T T T | 56
L i p
< | B9 W m | S
; | o i v Te Mo ;
E 4 [0 gt \AHIN E
< o 1} ol 485
e | S ) ¥ |3
i &l B ]
¢ <O
w ZI.A {1 F ]
0 L %. | . | L oL . L . ! ! . | . | . 140
0 5 10 15 20 25 0 5 10 15 20 25

CaO (wt.%)

Figure 15. A. TiO,, Al,03, Cr,0O3, MgO, SiO,, FeO, MnO, and Na,O vs. CaO in pyroxenes from Hole 956B for the Mogan Formation. For sample numbers see

Figure 9.

trations (70-71 wt%) and Na/K ratios and low Fe and Ti concentra-
tions. Incompatible trace element concentrations are relatively low.
The LMF can befurther subdivided into the basal composite rhyolite/
basalt cooling Units P1 and the much smaller subsegquent R, and the
compositionally much more homogeneous cooling Units U, VL, and
VI.

CaO (wt.%)

The gradually increasing differentiation of thefelsic magmaswas
abruptly terminated by amajor pulse of new more mafic magma that
had moderately differentiated from primitive basaltic magma. The
system then started a new cycle of increasingly differentiated mag-
mas, beginning with trachytic ignimbrite A and culminating with ig-
nimbrites D and E.

Most cooling units of the Middle and Upper Mogéan Group are
slightly to strongly peralkaline (comenditic and pantelleritic), tra-
chytic to low-silica rhyolitic ignimbrites, whose chemical composi-
tion can largely be explained by crystal fractionation, chiefly by an-
orthoclase feldspar (Fig. 6), with additional processes having led to
extreme trace-element concentrations in the magma reservoir cupo-
las. Rather constant Zr/Nb ratios ef/ssuggest differentiation of the
Mogan felsic rocks from similar basaltic parents (Fig. 16). Variations

A very voluminous eruption of basalt (T4) covered at least the
southern half of theisland after the end of the MMF, terminating with
the highly evolved ignimbrites X and O. The absence of basaltic ac-
tivity before thistime (~13.7 Ma) suggests that the likely basaltic pa-
rental magmas of the 10 cooling units of the LMF and MMF, re-
mained trapped beneath the low-density magmalid, apart from basal-
tic magmas erupted in ignimbrites P1 and R and the spatially
restricted lavas T3 (below V1) and T6 (below TL).
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Figure 15 (continued). B. TiO,, Al,03, Cr,03, MgO, SIO,, FeO, MnO, and Na,O vs. Ca0 in pyroxenes from Hole 956B for the Fataga Formation. For sample
numbers see Figure 9.

in the differentiation processes generated a series of evolved magma  taga Formation, however, silica concentration generally does not ex-
batches, each with a distinctive composition. ceed 62 wt% and may be as low as 59 wt%. Alumina concentrations

Many of the cooling units show a wide compositional spectrum, are very diagnostic of the rocks in the Mogan Group. They are high-
resulting from mixing of several magma batches. The lower, compo- est between 1316 wt% in the rocks of the LMF, but are as low as 9
sitionally most evolved flow unitsin agiven cooling unit are usually wt% in the most peralkaline pantellerite of ignimbrites C and D. The
crystal-poor, low-silicarhyolites, whereas the uppermost, more maf- less peralkaline comendites have between 11 and 14 wt% alumina.
ic, trachytic flow units may contain up to 15 vol% crystals. Dark, ma- Alumina is characteristically higher in the trachyphonolitic rocks of
fic (trachytic) fiamme, commonly with large, partially resorbed, pla- the Fataga Group where it always exceeds 15 wt% and can be as high
gioclase phenocrysts are common inignimbrites P2, TL, X, O, A, B, as 19 wt%. Total Fe, as FeO*, also shows characteristic changes from
D,E,andF. ~5 wt% in the rocks of the LMF to >7 wt% in the most peralkaline

Silica concentrations in the evolved, basal part of ignimbrites of pantellerite such as ignimbrites C and D. In the trachytic rocks of the
theMMF and UMF are commonly between 69 and 70 wt%. In the Fa- Fataga Group, however, FeO* rarely exceeds 5.5 wt%. Jé@eral-
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Table 4. Representative EM P analyses of clinopyroxenes from Holes 953C, 955A, and 956B.

Hole, core, section:  953C-69R-4 953C-69R-2 953C-69R-2 953C-67R-2 953C-67R-1 953C-66R-3 953C-65R-5 953C-65R-5 953C-65R-2 953C-65R-2 953C-64R-3

Interval: 22-29 75-81 75-81 75-84 148-150 16-22 93-98 93-98 94-98 94-98 72-75
Depth (mbsf): 835.58 833.74 833.74 813.96 813.18 805.03 798.56 798.56 794.49 794.49 786.14
Volcaniclastic unit: VU-12a VU-12b VU-12b VU-21 VU-21 VU-29 VU-32 VU-32 VU-35 VU-35 VU-36
Sample number: PX-7 PX-2 PX-9 PX-1 PX-4 PX-6 PX-1 PX-2 PX-3 PX-4 PX-3
Number of analyses: 2 2 2 2 2 2 3 3 1 2 2
(Wt%)

SO, 49.77 51.26 48.96 48.20 47.08 51.38 49.80 47.18 52.14 48.62 52.00
TiO, 1.36 0.88 1.78 1.93 2.42 0.33 1.33 1.94 0.50 1.75 0.62
Al,O4 3.28 2.52 4.24 4.50 537 0.74 3.09 5.73 0.68 3.95 0.91
Cr,05 0.64 0.32 0.10 0.71 0.14 0.02 0.69 0.02 0.00 0.09 0.03
FeO* 6.31 524 7.32 6.53 8.05 11.43 525 7.46 9.62 7.59 9.54
MnO 0.15 0.14 0.12 0.13 0.16 1.66 0.09 0.13 1.15 0.13 1.26
MgO 16.27 16.12 14.52 14.75 13.74 13.39 15.39 13.37 14.66 14.73 15.42
Cao 20.26 22.46 21.57 20.05 20.65 18.37 21.93 22.06 17.55 20.73 17.67
Na,0 0.38 0.29 0.33 0.33 0.50 0.58 0.38 0.34 1.24 0.36 0.90
P,Os 0.11 0.12 0.10 0.10 0.23 0.08 0.12 0.13 0.07 0.09 0.13
Total: 98.54 99.35 99.04 97.21 98.34 97.97 98.07 98.35 97.60 98.05 98.47
Si 1.853 1.891 1.828 1.856 1.775 1.967 1.865 1.778 1.977 1.832 1.953
Al 0.144 0.109 0.172 0.144 0.225 0.033 0.135 0.222 0.023 0.168 0.040
AlV! 0.000 0.000 0.015 0.060 0.014 0.000 0.001 0.033 0.007 0.008 0.000
Ti 0.038 0.024 0.050 0.000 0.069 0.010 0.037 0.055 0.014 0.050 0.018
Cr 0.019 0.009 0.003 0.022 0.004 0.001 0.020 0.001 0.000 0.003 0.001
Fe** 0.073 0.061 0.068 0.078 0.085 0.048 0.056 0.091 0.072 0.076 0.072
Fe?* 0.124 0.101 0.161 0.132 0.169 0.317 0.109 0.144 0.233 0.163 0.227
Mn 0.005 0.004 0.004 0.004 0.005 0.054 0.003 0.004 0.037 0.004 0.040
Mg 0.903 0.886 0.808 0.846 0.770 0.765 0.859 0.751 0.829 0.827 0.862
Ca 0.808 0.888 0.863 0.827 0.836 0.755 0.880 0.891 0.713 0.837 0.712
Na 0.000 0.000 0.000 0.000 0.000 0.022 0.004 0.000 0.083 0.000 0.051
P 0.003 0.004 0.003 0.003 0.007 0.003 0.004 0.004 0.002 0.003 0.004
Total: 3.97 3.98 3.97 3.97 3.96 3.97 3.97 3.97 3.99 3.97 3.98
Mg# 82.13 84.57 77.95 80.10 75.21 67.69 83.93 76.16 73.09 77.57 74.21
Wo 40.57 43.89 43.23 36.18 42.74 38.76 4413 42.84 36.05 4227 36.29
En 50.31 49.43 45.50 54.82 44.65 4224 47.98 45.87 47.07 46.25 47.88
Fs 9.13 6.69 11.28 9.00 12.60 19.00 7.88 11.29 16.88 11.48 15.83

Table 4 (continued).

Hole, core, section:  953C-64R-1 953C-64R-1 953C-63R-1 953C-63R-1 953C-61R-3 953C-61R-3 953C-61R-3 953C-61R-3 953C-60R-3 953C-60R-3 953C-59R-6

Interval: 62-74 62-74 40-48 40-48 109-114 109-114 109-114 109-114 0-6 0-6 105-112
Depth (mbsf): 783.42 783.42 773.50 773.50 758.06 758.06 758.06 758.06 747.42 747.42 742.97
Volcaniclastic unit: VU-37 VU-37 VU-38 VU-38 VU-41 VU-41 VU-41 VU-41 VU-42 VU-42 VU-44
Sample number: PX-2 PX-3 PX-5 PX-7 PX-2 PX-5 PX-7 PX-9 PX-5 PX-9 PX-1
Number of analyses: 2 2 2 2 2 1 3 2 1 1 2
(Wt%)
SO, 47.14 49.50 49.50 51.04 50.21 47.85 46.73 51.04 46.85 50.54 47.76
TiO, 231 1.52 1.36 0.87 1.35 233 223 0.87 253 1.19 1.92
Al,O4 6.02 3.59 3.25 2.26 321 513 5.52 222 5.84 253 4.90
Cr,04 0.09 0.70 0.02 0.75 0.12 0.63 0.07 0.51 0.21 0.04 0.41
FeO* 6.92 5.58 8.27 5.20 7.17 6.71 8.09 4.92 7.92 8.89 6.89
MnO 0.08 0.1 0.25 0.14 0.13 0.11 0.16 0.12 0.14 0.53 0.14
MgO 13.93 15.63 15.03 16.59 15.67 14.63 14.00 16.65 13.60 14.84 14.84
Ca0 21.52 21.13 20.18 21.14 20.90 20.96 20.49 21.32 21.30 19.37 21.30
Na,O 0.46 0.44 0.54 0.36 0.33 0.44 0.42 0.32 0.47 0.64 0.40
P,Os 0.22 0.24 0.25 0.25 0.18 0.19 0.25 0.25 0.19 0.15 0.12
Total: 98.69 98.44 98.65 98.60 99.26 98.97 97.96 98.22 99.03 98.70 98.68
Si 1.764 1.846 1.852 1.893 1.860 1.784 1.766 1.897 1.753 1.893 1.784
Al 0.236 0.154 0.143 0.099 0.140 0.216 0.234 0.097 0.247 0.107 0.216
AlV! 0.030 0.004 0.000 0.000 0.000 0.009 0.012 0.000 0.011 0.005 0.000
Ti 0.065 0.043 0.038 0.024 0.038 0.065 0.063 0.024 0.071 0.034 0.054
Cr 0.003 0.021 0.001 0.022 0.004 0.019 0.002 0.015 0.006 0.001 0.012
Fe3* 0.086 0.053 0.092 0.047 0.069 0.072 0.100 0.045 0.104 0.066 0.113
Fe? 0.131 0.121 0.167 0.115 0.153 0.138 0.156 0.108 0.144 0.212 0.102
Mn 0.003 0.003 0.008 0.004 0.004 0.003 0.005 0.004 0.004 0.017 0.004
Mg 0.775 0.867 0.836 0.918 0.867 0.811 0.789 0.925 0.759 0.826 0.826
Ca 0.862 0.843 0.810 0.839 0.829 0.839 0.830 0.848 0.854 0.779 0.853
Na 0.000 0.006 0.000 0.005 0.000 0.007 0.000 0.000 0.000 0.019 0.000
P 0.007 0.008 0.008 0.008 0.006 0.006 0.008 0.008 0.006 0.005 0.004
Total: 3.96 3.97 3.95 3.97 3.97 3.97 3.96 3.97 3.96 3.96 3.97
Mg# 78.17 83.29 76.37 85.05 79.60 79.50 75.52 85.81 75.37 74.79 79.33
Wo 2.77 4241 41.68 41.87 41.44 4214 40.82 42,71 42.69 40.22 41.45
En 46.66 49.17 46.85 50.41 48.59 47.15 47.46 50.34 45.53 45.83 49.75
Fs 10.57 8.42 11.47 7.72 9.96 10.71 11.71 6.95 11.79 13.95 8.79
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Table 4 (continued).

Hole, core, section:  953C-59R-6 953C-59R-5 953C-59R-5 953C-58R-4 953C-47R-2 953C-45R-2 953C-45R-2 955A-60X-3 955A-60X-3 955A-60X-2 955A-59X-6

Interval: 105-112 104-107 104-107 41-45 141-146 10-14 10-14 55-61 55-61 140-144 61-67
Depth (mbsf): 742.97 741.57 741.57 730.02 621.51 602.00 602.00 564.45 564.45 563.80 559.31
Volcaniclastic unit: VU-44 VU-46 VU-46 VU-49 VU-96 VU-100 VU-100 VU-4 VU-4 VU-7 VU-15
Sample number: PX-2 X-11 PX-4 PX-8 PX-3 PX-4 PX-7 PX-1 PX-4 PX-1 PX-3
Number of analyses: 2 1 2 2 2 2 1 2 2 2 2
(Wt%)
SO, 51.04 52.36 50.31 48.67 47.61 49.21 51.19 48.80 52.25 52.02 49.59
TiO, 0.87 0.77 1.26 173 1.66 142 0.58 1.96 0.36 0.53 1.84
Al,Oq 1.89 1.16 2.58 351 4.28 3.61 0.94 4.37 0.90 1.30 4.02
Cr,04 0.01 0.01 0.89 0.03 0.08 0.37 0.05 0.24 0.00 0.02 0.48
FeO* 8.73 9.57 5.13 7.82 6.29 6.56 10.74 7.02 7.65 7.75 7.04
MnO 0.72 0.92 0.11 0.18 0.07 0.14 154 0.15 1.08 113 0.14
MgO 15.44 15.49 16.13 14.73 14.58 14.85 11.55 14.74 15.76 15.70 14.77
CaO 19.04 17.92 21.35 20.85 22.78 22.03 19.46 20.56 21.04 20.37 21.59
Na,O 0.66 0.91 0.33 0.41 0.30 0.30 1.90 0.40 0.66 054 0.46
P,Os 0.11 0.15 0.17 0.11 0.10 0.12 0.09 0.11 0.09 0.08 0.07
Total: 98.52 99.25 98.26 98.05 97.75 98.59 98.04 98.34 99.78 99.44 100.00
S 1.914 1.950 1.878 1.836 1.795 1.841 1951 1.832 1.929 1.929 1.832
AlV 0.084 0.050 0.113 0.156 0.190 0.159 0.042 0.168 0.039 0.057 0.168
AlV! 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.026 0.000 0.000 0.007
Ti 0.025 0.022 0.035 0.049 0.047 0.040 0.017 0.055 0.010 0.015 0.051
Cr 0.000 0.000 0.026 0.001 0.002 0.011 0.002 0.007 0.000 0.001 0.014
Fe** 0.077 0.058 0.042 0.093 0.136 0.078 0.152 0.042 0.123 0.087 0.071
Fe?* 0.197 0.240 0.119 0.154 0.062 0.127 0.190 0.178 0.113 0.153 0.147
Mn 0.023 0.029 0.003 0.006 0.002 0.004 0.050 0.005 0.034 0.035 0.004
Mg 0.863 0.860 0.896 0.828 0.819 0.828 0.656 0.825 0.867 0.868 0.813
Ca 0.765 0.714 0.852 0.843 0.920 0.883 0.795 0.827 0.832 0.809 0.855
Na 0.014 0.052 0.023 0.000 0.000 0.000 0.097 0.029 0.019 0.009 0.012
P 0.003 0.005 0.005 0.004 0.003 0.004 0.003 0.003 0.003 0.003 0.002
Total: 3.96 3.98 3.99 3.97 3.98 3.98 3.95 4.00 3.97 3.97 3.98
Mg# 75.92 74.27 84.83 77.05 80.51 80.14 65.71 78.91 78.59 78.31 78.90
Wo 39.93 36.38 41.32 43.37 44.60 43.37 41.82 41.00 43.03 41.93 43.09
En 47.00 47.81 49.82 45.08 47.88 47.59 39.96 46.41 45.96 46.74 45.84
Fs 13.06 15.81 8.86 11.55 7.52 9.04 18.22 12.59 11.00 11.33 11.07

Table 4 (continued).

Hole, core, section:  955A-59X-6 955A-59X-2 955A-58X-5 955A-58X-4 955A-58X-4 955A-58X-1 955A-58X-1 955A-58X-1 955A-58X-1 955A-58X-1 955A-57X-2

Interval: 61-67 44-46 72-78 71-76 71-76 119-125 86-90 86-90 16-17 86-90 104-110
Depth (mbsf): 559.31 553.14 548.32 546.81 546.81 542.79 542.46 542.46 541.76 542.46 534.54
Volcaniclastic unit: VU-15 VU-24 VU-27 VU-30 VU-30 VU-34 VU-36 VU-36 VU-39 VU-39 VU-52
Sample number: PX-9 PX-5 PX-17 PX-3 PX-4 PX-1 PX-1 PX-3 PX-20 PX-22 PX-6
Number of analyses: 2 2 2 2 2 2 2 2 2 2 2
(Wt%)
SO, 52.70 51.29 48.49 50.05 48.69 52.02 51.91 49.45 47.80 43.61 48.50
TiO, 0.38 0.58 1.02 0.99 1.64 1.01 0.71 1.65 1.76 3.82 1.09
Al,O3 0.54 1.00 175 2.09 3.89 1.16 0.96 3.65 3.98 7.80 1.96
Cr,0q 0.01 0.02 0.03 0.03 0.48 0.06 0.02 0.71 0.15 0.00 0.02
FeO* 10.33 8.31 12.19 8.60 5.98 6.86 10.72 6.03 7.69 8.76 8.78
MnO 2.61 1.22 0.58 0.66 0.11 0.30 0.75 0.16 0.17 0.16 0.55
MgO 14.40 15.45 14.17 14.91 15.02 15.42 15.37 15.60 14.23 11.69 14.72
Cao 17.72 18.86 17.45 18.72 21.72 21.57 17.74 21.02 20.71 22.27 19.14
Na,0 0.88 0.82 0.52 0.76 0.40 0.58 0.58 0.42 0.44 0.61 0.74
P05 0.07 0.12 0.06 0.13 0.16 0.12 0.10 0.13 0.09 0.12 0.08
Total: 99.63 97.66 96.26 96.94 98.08 99.10 98.86 98.82 97.02 98.82 95.58
S 1.975 1.937 1.884 1.908 1.826 1.935 1.953 1.840 1.822 1.650 1.876
AlV 0.024 0.045 0.080 0.092 0.172 0.051 0.043 0.160 0.178 0.348 0.089
AlV! 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Ti 0.011 0.016 0.030 0.028 0.046 0.028 0.020 0.046 0.050 0.109 0.032
Cr 0.000 0.001 0.001 0.001 0.014 0.002 0.001 0.021 0.005 0.000 0.001
Fe3* 0.063 0.096 0.124 0.075 0.082 0.053 0.044 0.064 0.097 0.169 0.143
Fe* 0.261 0.167 0.272 0.199 0.106 0.161 0.294 0.124 0.148 0.108 0.141
Mn 0.083 0.039 0.019 0.021 0.003 0.009 0.024 0.005 0.005 0.005 0.018
Mg 0.804 0.870 0.821 0.847 0.840 0.855 0.862 0.865 0.808 0.659 0.849
Ca 0.711 0.763 0.727 0.765 0.873 0.859 0.715 0.838 0.846 0.903 0.793
Na 0.047 0.040 0.026 0.025 0.000 0.042 0.040 0.005 0.000 0.000 0.033
P 0.002 0.004 0.002 0.004 0.005 0.004 0.003 0.004 0.003 0.004 0.003
Total: 3.98 3.98 3.99 3.97 3.97 4.00 4.00 3.97 3.96 3.95 3.98
Mg# 71.30 76.82 67.45 75.55 81.74 80.03 71.87 82.18 76.73 70.40 74.93
Wo 36.38 39.14 36.92 39.76 43.64 42.88 35.85 42.12 42.78 45,96 40.77
En 46.03 47.60 43.00 46.82 48.13 45,19 46.20 48.72 46.10 41.26 45.29
Fs 17.59 13.26 20.08 13.42 8.23 11.92 17.95 9.16 11.12 12.78 13.94
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Table 4 (continued).

Hole, core, section:  955A-56X-3 955A-56X-3 955A-56X-3 955A-56X-1 955A-56X-1 955A-56X-1 955A-55X-4 955A-55X-4 955A-54X-CC 956B-43R-2 956B-43R-2

Interval: 16-25 16-25 16-25 126-131 14-17 14-17 19-25 19-25 10-14 85-89 85-89
Depth (mbsf): 525.59 525.59 525.59 523.66 522.54 522.54 517.59 517.59 503.50 563.45 563.45
Volcaniclastic unit: VU-60 VU-60 VU-60 VU-63 VU-66 VU-66 VU-67 VU-67 VU-74 VU-7a VU-67
Sample number: PX-14 PX-17 PX-24 PX-1 PX-14 PX-15 PX-2 PX-5 PX-13 PX-1 PX-7
Number of analyses: 2 2 2 2 2 2 2 2 2 2 1
(Wt%)
SO, 52.33 51.92 48.50 52.46 47.74 51.83 52.67 51.52 48.80 51.27 47.68
TiO, 0.74 0.81 1.95 0.50 2.25 0.38 0.47 0.89 179 0.83 2.06
Al,O4 1.29 131 4.25 0.87 471 0.59 0.93 2.32 3.73 2.03 4.60
Cr,04 0.00 0.01 0.51 0.02 0.14 0.00 0.00 0.74 0.01 0.81 0.03
FeO* 8.79 9.26 6.58 8.78 6.96 9.91 7.56 4.85 7.27 451 8.08
MnO 0.70 0.69 0.14 158 0.11 178 131 0.13 0.25 0.10 0.23
MgO 15.54 14.82 14.82 15.38 14.20 14.43 15.62 16.81 14.41 16.48 14.30
Cao 19.04 19.34 21.69 18.33 21.93 19.26 19.69 21.61 2151 22.04 20.86
Na,0 0.85 0.76 0.42 1.07 0.44 0.94 0.84 0.36 0.59 0.34 0.45
P,Os 0.12 0.14 0.09 0.10 0.19 0.11 0.08 0.12 0.20 0.14 0.19
Total: 99.42 99.05 98.95 99.10 98.66 99.23 99.18 99.35 98.55 98.52 98.48
Si 1.944 1.944 1.808 1.954 1.789 1.943 1.957 1.894 1.829 1.903 1.793
Alv 0.056 0.056 0.187 0.038 0.208 0.026 0.041 0.101 0.165 0.089 0.204
AlV! 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.021 0.023 0.055 0.014 0.063 0.011 0.013 0.025 0.050 0.023 0.058
Cr 0.000 0.000 0.015 0.001 0.004 0.000 0.000 0.022 0.000 0.024 0.001
Fe** 0.064 0.051 0.096 0.092 0.098 0.124 0.072 0.055 0.099 0.047 0.107
Fe? 0.209 0.238 0.110 0.181 0.120 0.187 0.163 0.094 0.129 0.093 0.148
Mn 0.022 0.022 0.004 0.050 0.003 0.057 0.041 0.004 0.008 0.003 0.007
Mg 0.860 0.827 0.823 0.854 0.793 0.806 0.865 0.921 0.805 0.912 0.802
Ca 0.758 0.776 0.866 0.732 0.880 0.774 0.784 0.851 0.864 0.876 0.841
Na 0.040 0.043 0.000 0.051 0.000 0.048 0.035 0.004 0.000 0.013 0.000
P 0.004 0.004 0.003 0.003 0.006 0.003 0.003 0.004 0.006 0.004 0.006
Total: 3.98 3.99 3.97 3.97 3.97 3.98 3.97 3.97 3.96 3.99 3.97
Mgt 75.91 74.04 80.06 75.74 78.43 72.19 78.64 86.07 77.94 86.69 75.93
Wo 38.95 39.39 43.79 37.86 44.72 39.70 40.49 42.60 45.26 4321 42.34
En 47.23 45.38 46.64 48.18 4541 44.34 47.93 50.45 4457 49.78 46.35
Fs 13.82 15.23 9.57 13.96 9.87 15.97 11.58 6.96 10.17 7.01 11.31

Table 4 (continued).

Hole, core, section:  956B-43R-2 956B-43R-2 956B-43R-1 956B-43R-1 956B-42R-3 956B-42R-2 956B-42R-2 956B-41R-1 956B-39R-3 956B-39R-3 956B-37R-1

Interval: 8-11 8-11 0-8 0-8 53-57 0-5 0-5 0-9 88-92 88-92 136-146
Depth (mbsf): 562.68 562.68 561.10 561.10 554.88 552.91 552.91 541.90 525.96 525.96 504.66
Volcaniclastic unit: VU-10 VU-10 VU-15 VU-15 VU-15 VU-19 VU-15L VU-3la VU-45 VU-45 VU-77B
Sample number: PX-4 PX-6 PX-2 PX-4 PX-1 PX-4 PX-7 PX-14 PX-6 PX-7 PX-3
Number of analyses: 2 2 3 2 1 1 2 2 2 2 2
(wt%)

SO, 51.10 46.18 50.78 51.36 48.93 52.13 49.11 52.35 51.39 48.05 50.38
TiO, 0.97 2.94 0.35 0.35 1.59 0.41 1.85 0.45 0.83 1.82 1.47
Al,Oq 2.02 6.17 0.75 0.66 3.67 0.66 3.55 113 114 5.57 2.96
Cr,04 0.40 0.08 0.03 0.01 0.12 0.04 0.30 0.02 0.02 0.57 0.17
FeO* 4.78 7.52 14.03 9.28 6.67 10.01 7.43 8.25 10.87 6.41 7.49
MnO 0.12 0.16 1.65 1.93 0.08 221 0.22 1.07 0.77 0.15 0.15
MgO 16.08 12.95 12.60 14.80 15.11 14.69 15.47 15.74 15.15 14.17 15.47
Ca0 22.39 21.66 17.80 18.69 20.77 17.66 19.74 19.49 17.33 21.33 20.99
Na,O 0.37 0.51 0.49 0.74 0.32 0.97 0.43 0.65 0.08 0.09 0.40
P,Os 0.12 0.12 0.11 0.12 0.14 0.10 0.18 0.17 0.11 0.14 0.14
Total: 98.32 98.28 98.58 97.92 97.39 98.88 98.27 99.30 97.69 98.29 99.59
S 1.902 1.746 1.951 1.946 1.851 1.961 1.843 1.944 1.965 1.809 1.865
Al 0.089 0.254 0.034 0.029 0.149 0.029 0.157 0.049 0.035 0.191 0.129
AV 0.000 0.020 0.000 0.000 0.015 0.000 0.000 0.000 0.017 0.056 0.000
Ti 0.027 0.084 0.010 0.010 0.045 0.012 0.052 0.013 0.024 0.052 0.041
Cr 0.012 0.002 0.001 0.000 0.004 0.001 0.009 0.001 0.001 0.017 0.005
Fe** 0.057 0.091 0.070 0.103 0.051 0.087 0.058 0.069 0.000 0.008 0.070
Fe?* 0.091 0.147 0.380 0.191 0.160 0.228 0.175 0.187 0.348 0.194 0.162
Mn 0.004 0.005 0.054 0.062 0.003 0.070 0.007 0.034 0.025 0.005 0.005
Mg 0.892 0.730 0.721 0.836 0.852 0.824 0.865 0.871 0.864 0.795 0.854
Ca 0.893 0.877 0.733 0.759 0.842 0.712 0.794 0.775 0.710 0.860 0.833
Na 0.013 0.016 0.018 0.033 0.005 0.050 0.012 0.016 0.006 0.007 0.004
P 0.004 0.004 0.004 0.004 0.004 0.003 0.006 0.005 0.004 0.004 0.004
Total: 3.98 3.98 3.98 3.97 3.98 3.98 3.98 3.96 4.00 4.00 397
Mg# 85.71 75.43 61.55 73.97 80.15 72.34 78.77 71.27 71.30 79.76 78.64
Wo 44.73 44.59 37.51 38.97 42.36 36.58 40.20 40.29 34.93 39.69 42.64
En 47.99 42.74 39.08 46.01 47.01 46.74 47.94 47.45 44.76 47.27 46.17
Fs 17.28 12.67 23.41 15.03 10.63 16.68 11.85 12.26 20.31 13.04 11.19
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Table 4 (continued).

Hole, core, section:  956B-37R-1 956B-36R-1 956B-35R-4 956B-35R-4 956B-35R-2 956B-35R-2 956B-33R-3 956B-33R-3 956B-33R-1 956B-33R-1

Interval: 136-146 0-6 27-35 27-35 101-110 101-110 112-118 112-118 59-63 59-63
Depth (mbsf): 504.66 493.60 488.48 488.48 486.34 486.34 468.48 468.48 465.19 465.19
Volcaniclastic unit: VU-77B VU-87b VU-87a VU-87a VU-94 VU-94 VU-107 VU-107 VU-121 VU-121
Sample number: PX-4 PX-13 PX-7 PX-19 PX-1 PX-6 PX-1 PX-2 PX-6 PX-7
Number of analyses: 2 2 1 2 2 2 2 2 2 2
(Wt%)

SO, 51.51 47.58 49.07 48.33 48.65 49.20 52.11 50.53 46.71 48.05
TiO, 0.94 1.25 127 152 154 1.37 0.60 0.82 2.02 1.45
Al,O4 1.22 4.72 4.60 5.49 471 4.06 0.84 0.95 5.43 4.19
Cr,05 0.03 0.97 0.76 0.71 0.63 0.65 0.02 0.02 0.27 0.50
FeO* 10.13 5.84 5.44 552 5.74 553 8.92 18.28 6.78 6.06
MnO 054 0.14 0.13 0.06 0.08 0.09 1.13 0.42 0.16 0.13
MgO 14.28 14.90 14.99 14.39 14.69 15.04 15.34 14.74 13.91 14.74
Cao 19.80 21.18 22.20 22.30 22.35 22.33 18.38 13.00 21.79 21.99
Na,0 0.63 0.44 0.37 0.43 0.40 0.40 1.16 0.28 0.45 0.44
P,Os 0.12 0.06 0.12 0.13 0.09 0.11 0.17 0.13 0.07 0.07
Total: 99.18 97.06 98.93 98.88 98.85 98.77 98.64 99.15 97.57 97.59
Si 1.935 1.800 1.822 1.799 1.811 1.831 1.948 1.934 1.767 1.810
Al 0.054 0.200 0.178 0.201 0.189 0.169 0.037 0.043 0.233 0.186
AlV! 0.000 0.011 0.024 0.040 0.017 0.009 0.000 0.000 0.009 0.000
Ti 0.027 0.036 0.035 0.043 0.043 0.038 0.017 0.024 0.057 0.041
Cr 0.001 0.029 0.022 0.021 0.019 0.019 0.001 0.001 0.008 0.015
Fe** 0.056 0.116 0.077 0.074 0.088 0.083 0.100 0.050 0.127 0.123
Fe?* 0.262 0.069 0.092 0.098 0.090 0.089 0.179 0.535 0.087 0.068
Mn 0.017 0.004 0.004 0.002 0.003 0.003 0.036 0.014 0.005 0.004
Mg 0.800 0.840 0.830 0.798 0.815 0.834 0.855 0.841 0.784 0.828
Ca 0.797 0.859 0.883 0.889 0.891 0.890 0.736 0.533 0.883 0.888
Na 0.046 0.000 0.000 0.000 0.000 0.000 0.064 0.021 0.000 0.000
P 0.004 0.002 0.004 0.004 0.003 0.003 0.005 0.004 0.002 0.002
Total: 4.00 3.97 3.97 3.97 3.97 3.97 3.98 4.00 3.96 3.96
Mg# 71.53 81.97 83.08 82.29 82.02 82.90 75.40 58.97 78.53 81.26
Wo 39.81 40.36 4222 42.67 43.23 43.56 37.77 26.62 42.93 43.22
En 42.97 52.82 50.35 49.08 48.95 49.17 47.75 42.86 48.35 49.67
Fs 17.22 6.82 7.44 8.26 7.82 7.27 14.48 30.52 8.71 7.11

Table 5. Representative EM P analyses of orthopyroxene from Holes 953C, 955A, and 956B.

Hole, core, section:  953C-68R-4 953C-67R-4 953C-65R-2 953C-64R-1 953C-63R-1 953C-63R-1 953C-61R-3 953C-59R-5 953C-58R-4 955A-59X-6

Interval: 56-60 53-59 94-98 62-74 40-48 40-48 109-114 104-107 41-45 61-67
Depth (mbsf) 826.07 816.49 794.49 783.42 773.50 773.50 758.06 74157 730.02 559.31
Volcaniclastic unit: VU-15 VU-20 VU-35 VU-37 VU-38 VU-38 VU-41 VU-46 VU-49 VU-15
Sample number: PX-1 PX-6 PX-1 PX-5 PX-4 PX-6 PX-1 PX-18 PX-6 PX-5
Number of analyses: 5 2 2 1 2 2 2 1 2 1
(Wt%)
SO, 51.33 52.16 54.36 53.23 53.42 53.55 53.51 53.83 56.00 53.72
TiO, 0.78 0.33 0.25 0.33 0.00 0.26 0.24 0.31 0.01 0.28
Al,O4 1.82 1.48 0.13 0.12 4.48 0.22 0.12 0.18 213 0.42
Cr,05 0.12 0.05 0.01 0.03 0.85 0.02 0.03 0.03 0.60 0.00
FeO* 12.05 16.68 16.16 16.07 5.98 16.06 16.42 16.39 5.60 16.01
MnO 1.28 0.42 2.03 2.00 0.16 2.19 2.25 1.74 0.18 257
MgO 21.57 25.27 25.39 25.58 33.20 25.64 25.38 25.24 34.08 25.54
Ca0 8.89 1.26 131 1.44 1.09 1.43 1.30 1.46 114 1.42
Na,0 0.28 0.11 0.25 021 0.11 0.18 0.20 0.20 0.07 0.13
P,Os 0.09 0.04 0.00 0.02 0.03 0.01 0.00 0.00 0.00 0.00
Total: 98.21 97.78 99.89 99.02 99.32 99.56 99.45 99.38 99.81 100.08
S 1.905 1.932 1.982 1.952 1.848 1.956 1.959 1.973 1.930 1.956
Alv 0.080 0.055 0.000 0.000 0.152 0.002 0.000 0.000 0.070 0.010
AlV! 0.000 0.000 0.000 0.000 0.031 0.000 0.000 0.000 0.017 0.000
Ti 0.022 0.000 0.001 0.004 0.000 0.000 0.001 0.001 0.000 0.000
Cr 0.004 0.001 0.000 0.001 0.023 0.001 0.001 0.001 0.016 0.000
Fe** 0.075 0.056 0.035 0.086 0.102 0.075 0.077 0.044 0.042 0.063
Fe?* 0.297 0.461 0.458 0.408 0.071 0.417 0.425 0.458 0.119 0.425
Mn 0.040 0.013 0.063 0.062 0.005 0.068 0.070 0.054 0.005 0.079
Mg 1.195 1.397 1.380 1.399 1.712 1.394 1.386 1.376 1.751 1.386
Ca 0.353 0.050 0.051 0.057 0.040 0.056 0.051 0.057 0.042 0.055
Na 0.000 0.000 0.024 0.029 0.000 0.018 0.022 0.024 0.000 0.009
P 0.003 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000
Total: 3.97 3.97 3.99 4.00 3.99 3.99 3.99 3.99 3.99 3.98
Mg# 76.24 72.97 73.69 73.92 90.82 73.92 73.41 73.25 91.56 73.98
Wo 18.27 217 218 2.38 1.33 2.36 217 2.45 1.32 2.35
En 63.32 72.97 71.81 71.60 94.62 71.95 71.50 71.05 92.19 72.27
Fs 18.42 24.86 26.01 26.02 4.05 25.69 26.34 26.50 6.49 25.38
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Table 5 (continued).

Hole, core, section:

955A-59X-2 955A-58X-1 955A-56X-3 955A-56X-1 955A-55X-4 955A-60X-2 955A-60X-2 956B-42R-2 956B-42R-2 956B-41R-1

Interval: 44-46 16-17 16-25 126-131 19-25 140-144 140-144 0-5 0-5 0-9
Depth (mbsf): 553.14 541.76 525.59 523.66 517.59 563.80 563.80 552.91 552.91 541.90
Volcaniclastic unit: VU-24 VU-39 VU-60 VU-63 VU-67 VU-7 VU-7 VU-19 VU-19 VU-3la
Sample number: PX-1 PX-21 PX-8 PX-9 PX-12 PX-2 PX-12 PX-11 PX-1 PX-6
Number of analyses: 2 1 2 2 2 2 2 2 2 2
(Wt%)
SO, 52.16 52.61 53.57 54.01 54.05 53.72 53.13 52.11 52.61 53.55
TiO, 0.30 0.25 0.33 0.30 0.26 0.29 0.32 0.21 0.39 0.29
Al,O4 0.36 0.17 0.33 0.19 0.10 0.48 0.53 0.17 0.32 0.24
Cr,05 0.01 0.04 0.00 0.00 0.04 0.04 0.00 0.01 0.00 0.00
FeO* 14.97 16.33 15.09 15.32 15.49 15.36 16.56 22.08 16.92 16.95
MnO 2.07 2.33 2.41 3.12 2.25 2.42 2.36 361 2.85 2.74
MgO 25.36 23.97 25.86 25.55 25.35 25.54 25.59 19.81 23.94 2497
Cao 1.46 1.42 134 1.40 141 1.49 153 1.44 1.62 1.32
Na,0 0.16 0.25 0.17 0.19 0.23 0.15 0.20 0.22 0.20 0.18
P,Os 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total: 96.85 97.37 99.09 100.08 99.18 99.48 100.22 99.65 98.82 100.23
Si 1.953 1.977 1.962 1.966 1.983 1.964 1.931 1.975 1.954 1.953
Alv 0.007 0.000 0.005 0.000 0.000 0.012 0.014 0.002 0.003 0.002
AlV! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Cr 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000
Fe** 0.072 0.042 0.055 0.058 0.030 0.045 0.113 0.048 0.071 0.080
Fe?* 0.397 0.471 0.407 0.408 0.445 0.425 0.390 0.652 0.454 0.437
Mn 0.066 0.074 0.075 0.096 0.070 0.075 0.073 0.116 0.090 0.085
Mg 1.416 1.342 1.412 1.386 1.386 1.392 1.386 1.119 1.325 1.358
Ca 0.059 0.057 0.053 0.055 0.055 0.058 0.060 0.058 0.064 0.052
Na 0.014 0.023 0.018 0.023 0.026 0.008 0.010 0.019 0.024 0.019
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total: 3.98 3.99 3.99 3.99 4.00 3.98 3.98 3.99 3.99 3.99
Mg# 75.12 72.35 75.34 74.83 74.47 74.77 73.36 61.52 71.61 7242
Wo 242 2.50 2.19 2.31 2.35 2.46 2.52 2.96 2.85 2.24
En 73.18 70.29 73.45 72.74 72.31 73.00 71.68 59.61 69.19 70.55
Fs 24.40 27.20 24.36 24.95 25.34 24.54 25.80 37.43 27.96 27.21

Table 6. Representative EM P analyses of aegirine from Holes 953C, 955A, and 956B.

Hole, core, section:

953C-64R-3 953C-64R-1 953C-59R-5 953A-58X-1 953A-56X-3 953A-56X-1

Interval: 72-75 62-74 104-107 119-125 16-25 126-131
Depth (mbsf): 786.14 783.42 741.57 542.79 525.59 523.66
Volcaniclastic unit: VU-36 VU-37 VU-46 VU-34 VU-60 VU-63
Sample number: PX-4 PX-8 PX-15 PX-7 PX-13 PX-2
Number of: analyses: 1 2 1 2 2 2
(Wt%)
SO, 51.34 51.32 52.24 52.00 51.26 51.08
TiO, 1.35 1.22 7.34 4.77 0.69 3.62
Al,O4 0.28 0.27 0.10 0.17 0.28 0.15
Cr,05 0.04 0.05 0.01 0.00 0.00 0.00
FeO* 28.65 25.79 21.62 22.48 25.73 26.26
MnO 0.29 0.71 121 0.57 1.16 1.13
MgO 0.63 1.98 114 1.79 2.03 0.31
Ca0 0.54 4.16 0.89 1.66 6.08 2.67
Na,O 11.63 9.51 11.18 11.09 8.59 10.31
P,Os 0.01 0.05 0.03 0.00 0.00 0.00
Total: 94.75 95.06 95.75 94.53 95.83 95.52
S 2.032 2.036 2.058 2.058 2.033 2.038
AV 0.000 0.000 0.000 0.000 0.000 0.000
AlV! 0.013 0.013 0.005 0.008 0.013 0.007
Ti 0.040 0.036 0.217 0.142 0.021 0.109
Cr 0.001 0.002 0.000 0.000 0.000 0.000
Fe** 0.731 0.568 0.299 0.444 0.540 0.498
Fe?* 0.219 0.288 0.413 0.300 0.313 0.378
Mn 0.010 0.024 0.040 0.019 0.039 0.038
Mg 0.037 0.117 0.067 0.106 0.120 0.018
Ca 0.188 0.160 0.048 0.048 0.258 0.075
Na 0.715 0.599 0.855 0.851 0.508 0.797
P 0.000 0.002 0.001 0.000 0.000 0.000
Total: 3.99 3.84 4.00 3.98 3.85 3.96
Mot 3.77 12.03 8.60 12.43 12.33 2.06
Wo 40.92 42.75 51.76 48.73 13.68 46.04
En 1.30 4.28 2.89 4.12 6.96 0.70
Fs 7.99 11.43 19.57 12.48 20.40 15.68
Ac 49.79 41.54 25.78 34.66 58.96 37.58
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Table 7. Representative EM P analyses of phlogopites from Holes 953C, 955A, and 956B.

Hole, core, section:

953C-69R-5 953C-66R-3 953C-62R-1 953C-59R-6 953C-58R-4 953C-47R-2 953C-45R-2 955A-58X-1

Interval: 26-33 16-22 100-118 105-112 41-45 141-146 10-14 119-125
Depth (mbsf): 836.86 805.03 764.60 742.97 730.02 621.51 602.00 542.79
Volcaniclagticunit: ~ VU-11a VU-29 VU-40 VU-44 VU-49 VU-96 VU-100 VU-34
Sample number: MC-1 MC-4 MC-2 MC-4 MC-2 MC-1 MC-1 MC-20
Number of analyses: 2 1 2 2 2 2 2 2
(Wt%)
SO, 36.86 38.36 38.83 38.55 39.97 38.49 36.75 38.20
TiO, 8.24 5.07 4.86 5.58 5.64 412 7.36 5.09
Al,O4 13.38 12.26 11.77 12.11 11.63 11.26 13.03 12.09
FeO* 9.43 12.31 11.37 11.48 10.08 14.04 13.48 11.78
MnO 0.10 0.49 0.58 0.57 0.36 1.07 0.72 0.60
MgO 16.22 17.30 18.35 17.24 18.61 16.15 14.40 17.08
Na,0 0.42 1.25 1.27 0.96 1.03 0.73 0.85 1.04
K,0 9.13 8.27 8.28 8.44 8.59 8.90 8.44 8.61
SO 0.030 0.145 0.112 0.118 0.087 0.113 0.104 0.066
BaO 0.668 0.113 0.347 0.522 0.065 0.067 0.989 0.234
S 0.025 0.018 0.021 0.009 0.023 0.020 0.019 0.022
F 1.389 1.692 2.456 2.190 2.284 2.138 1.393 1.582
Cl 0.051 0.013 0.013 0.015 0.020 0.020 0.014 0.028
Total: 95.97 97.30 98.27 97.79 98.41 97.14 97.58 96.44
Table 7 (continued).
Hole, core, section:  955A-58X-1 955A-58X-1 955A-54X-CC 955A-54X-CC 956B-40R-2 956B-40R-2 956B-35R-4 956B-34R-2
Interval: 119-125 86-90 10-14 10-14 129-133 129-133 27-35 62-70
Depth (mbsf): 542.79 542.46 503.50 503.50 535.09 535.09 488.48 476.29
Volcaniclastic unit: VU-34 VU-36 VU-74 VU-74 VU-32 VU-32 VU87a VU-102
Sample number: MC-21 MC-6 MC-1 MC-3 MC-1 MC-8 MC-1 MC-5
Number of analyses: 2 1 2 2 1 2 2 2
(Wt%)
SO, 38.36 38.13 39.41 36.96 36.60 37.13 39.55 37.53
TiO, 4.88 4.47 5.12 5.32 5.59 434 4.88 5.73
Al,O4 11.73 11.54 11.70 13.12 16.45 15.69 11.77 12.35
FeO* 11.78 12.20 9.60 14.14 10.90 10.32 10.40 11.62
MnO 0.62 0.72 0.37 0.50 0.00 0.14 041 0.38
MgO 17.53 17.26 18.85 15.33 16.87 17.88 19.01 18.02
Na,0 117 0.98 1.06 1.04 0.94 1.15 1.33 1.23
K,O 8.16 8.59 7.87 8.64 9.18 8.68 7.97 8.39
SO 0.111 0.056 0.000 0.002 0.000 0.000 0.103 0.000
BaO 0.082 0.090 0.205 0.283 0.277 0.294 0.448 0.306
S 0.049 0.027 0.030 0.017 0.024 0.039 0.046 0.009
F 1.681 1.974 2.787 1.187 0.449 0.406 2.046 2432
Cl 0.029 0.005 0.042 0.022 0.025 0.042 0.020 0.020
Total: 96.22 96.07 97.07 96.57 97.32 96.13 98.01 98.01
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Figure 16. Stratigraphic plot of selected bulk-rock chemical analyses from Hole 953C.
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Table 8. Major and trace element analyses of volcaniclastic sediments from Hole 953C.

Hole, core, section:

953C-45R-1 953C-48R-6 953C-50R-4 953C-53R-2 953C-54R-3 953C-55R-3 953C-58R-2 953C-59R-5 953C-59R-6 953C-60R-1 953C-60R-1 953C-60R-2

Interval (cm): 55-58 108-111 81-83 0-8 51-57 74-82 105-113 113-118 105-112 32-34 35-42 145-150
Depth (mbsf): 600.95 636.18 653.61 678.85 690.17 699.83 727.72 741.66 742.97 744.82 744.85 747.37
Volcaniclastic unit: VU-91 VU-79 VU-72 VU-64 VU-60 VU-50 VU-46 VU-44 VU-43 VU-43 VU-42
Major elements (wt%):
SO, 51.13 49.60 60.85 52.34 54.48 55.06 57.92 56.39 54.41 55.43 56.66 57.99
TiO, 1.09 0.78 1.07 1.25 0.79 0.93 1.67 121 0.84 0.84 0.91 119
Al,O4 14.38 14.02 14.56 14.37 14.84 15.09 15.00 12.47 12.71 13.48 13.90 11.81
FeO * 4.83 3.36 6.77 4.90 3.66 3.23 4.92 6.25 5.16 3.93 3.95 6.43
MnO 0.21 0.13 0.10 0.08 0.05 0.03 0.12 0.12 0.04 0.10 0.11 0.14
MgO 2.03 1.67 0.82 1.38 171 1.69 1.88 2.66 2.03 133 141 2.61
CaO 4.94 8.38 0.32 3.76 294 3.03 219 2.90 4,57 345 353 277
Na,0 5.50 4.61 6.41 5.77 5.86 5.74 5.92 4.61 4.58 5.32 5.53 4.96
K,O 4.28 3.05 5.20 3.93 4.27 4.26 371 2.65 2.88 341 3.50 2.93
P,05 0.13 0.07 0.05 0.12 0.08 0.10 0.22 0.12 0.07 0.14 0.16 0.14
3 0.060 0.057 >0.05 0.121 0.09 0.09 0.14 0.10 0.30 0.13 0.08 0.14
LOI 10.28 12.27 1.55 12.42 10.04 9.75 471 8.21 10.82 9.81 9.04 7.05
Total: 98.87 98.01 97.71 100.45 98.82 99.01 98.41 97.70 98.42 97.39 98.79 98.18
Trace elements (ppm):
\% 38 19 55 40 51 33 37 38 27 <12 15 35
Cr 30 <18 <18 <18 <18 <18 70 55 20 <18 <18 91
Co 25 <4 12 <4 <4 5 <4 10 <4 15 <4 <4
Ni 27 16 14 12 <2 <2 <2 37 14 14 <2 4
Cu 32 20 9 14 14 12 18 26 16 17 9 14
Zn 187 180 112 167 159 101 154 214 154 153 161 220
Ga 31 32 44 34 33 32 30 35 19 32 32 37
Rb 75 57 116 79 82 81 51 56 64 77 70 58
Sr 345 316 68 282 243 265 565 292 360 308 329 285
Y 46 46 60 33 36 41 58 48 27 49 48 63
Nb 195 196 197 241 188 152 145 175 181 148 139 176
Ba 326 156 <8 331 269 342 808 283 160 372 516 384
La 175 176 294 223 168 204 162 195 110 179 153 190
Ce 210 234 265 324 248 329 260 266 194 234 221 279
Zr 611 732 574 965 832 1058 558 1056 1450 980 873 1106
Pr 29 31 52 35 29 34 29 32 19 31 26 29
Nd 77 81 157 117 89 122 111 101 70 85 91 113
Sm 11 12 18 11 12 12 15 19 12 17 14 19
Pb 12 18 9 8 14 <4 <4 12 6 9 <4 7
Th 7 8 30 20 10 17 <4 12 16 10 <4 13
Zr/Nb 313 3.73 291 4.00 4.43 6.96 3.85 6.03 8.01 6.62 6.28 6.28
zrlY 13.28 15.91 9.57 29.24 2311 25.80 9.62 22.00 53.70 20.00 18.19 17.56
Nb/Y 4.24 4.26 3.28 7.30 522 371 250 3.65 6.70 3.02 2.90 2.79
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Table 8 (continued

Hole, core, section:

953C-62R-1 953C-62R-4 953C-63R-1 953C-63R-1 953C-64R-1 953C-65R-2 953C-65R-6 953C-65R-6 953C-66R-2 953C-67R-2 953C-67R-2 953C-67R-3 953C-67R-4

Interval (cm): 134-139 0-7 10-20 49-53 62-74 94-98 59-62 98-100 28-35 61-63 75-84 104-110 47-52
Depth (mbsf): 764.94 768.05 773.2 773.59 783.42 794.49 799.58 799.97 803.69 813.82 813.96 815.63 816.43
Volcaniclastic unit: VU-40 VU-39 VU-38 VU-38 VU-37 VU-35 VU-31 VU-31 VU-30 VU-21 VU-21 VU-20 VU-20
Major elements (Wt%):
SO, 59.40 57.01 56.17 59.23 57.34 62.82 58.77 55.96 61.26 56.79 60.12 56.10 58.17
TiO, 134 0.78 0.98 0.79 121 1.04 0.58 0.65 0.74 0.86 0.83 0.75 0.86
Al,O3 12.85 1241 12.39 12.64 12.87 10.87 13.00 12.08 11.85 9.96 10.83 11.86 12.39
FeO* 5.15 3.50 3.68 3.59 4.62 5.43 2.85 3.01 4.28 4.37 4.13 431 3.72
MnO 0.20 0.13 0.21 0.19 0.16 0.22 0.14 0.14 0.19 0.22 0.19 0.15 0.16
MgO 1.79 154 1.20 1.03 1.87 0.73 0.71 0.65 0.92 0.78 0.74 1.46 1.03
CaOo 3.75 4.82 5.89 2.87 5.85 174 411 574 249 6.26 4.83 6.76 571
Na,0O 5.26 4.52 5.13 517 5.20 4.86 5.16 4.90 4.67 4.14 4.78 4.82 511
KO 3.22 3.32 3.25 3.48 3.32 2.79 3.30 3.07 3.01 2.64 2.78 2.38 3.02
P,05 0.18 0.14 0.13 0.11 0.17 0.13 0.09 0.11 0.09 0.11 0.10 0.24 0.11
3 0.175 0.231 0.134 0.179 0.097 0.251 0.123 0.356 0.136 0.253 0.115 0.196 0.234
LOI 5.24 9.71 8.43 8.27 5.90 7.07 8.46 10.51 8.06 11.10 8.55 7.83 7.82
Total: 98.56 98.12 97.61 97.55 98.61 97.96 97.30 97.19 97.70 97.50 98.01 96.86 98.34
Trace elements (ppm):
Vv 37 20 26 15 50 39 14 24 35 35 34 26 23
Cr 47 <18 <18 <18 63 <18 <18 <18 <18 26 <18 <18 <18
Co <4 <4 <4 25 <4 <4 <4 9 <4 31 <4 <4 <4
Ni 17 4 <2 21 19 <2 <2 17 <2 24 <2 5 <2
Cu 13 16 8 18 16 8 5 5 13 24 7 12 18
Zn 180 163 165 179 144 231 213 11 188 226 236 221 205
Ga 35 34 34 37 37 39 32 29 37 35 33 34 31
Rb 57 85 67 87 54 60 85 78 75 70 70 56 62
Sr 204 275 181 148 235 1720 205 280 161 621 264 487 245
Y 59 58 55 63 50 79 58 53 62 79 82 72 68
Nb 138 148 137 160 111 161 137 127 127 178 179 183 172
Ba 532 278 534 313 627 856 408 460 583 482 275 622 383
La 158 140 144 182 129 166 162 178 157 221 192 158 180
Ce 188 223 211 240 177 274 214 189 228 262 296 244 279
Zr 794 1008 830 1063 682 943 1022 929 889 1181 1238 1224 1198
Pr 21 23 25 28 20 30 21 26 25 37 32 30 32
Nd 82 98 98 95 86 120 79 87 100 128 128 109 116
Sm 12 10 10 16 11 16 15 12 11 19 19 19 16
Pb <4 5 <4 14 <4 12 4 12 <4 10 4 15 5
Th <4 <4 7 1n <4 <4 8 <4 <4 <4 14 <4 13
Zr/Nb 5.75 6.81 6.06 6.64 6.14 5.86 7.46 7.31 7.00 6.63 6.92 6.69 6.97
ZrlY 13.46 17.38 15.09 16.87 13.64 11.94 17.62 17.53 14.34 14.95 15.10 17.00 17.62
Nb/Y 234 2.55 249 254 222 204 2.36 240 2.05 225 218 254 253
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Table 9. EM P analyses of vitrophyre glasses from subaerial ignimbrite on Gran Canaria.

Formation: Lower Mogan Middle Mogéan Upper Mogan Fataga

Name of ignimbrite: Below VI  Ignimbrite TLIgnimbrite O? Ignimbrite A Ignimbrite A Ignimbrite B Ignimbrite C Ignimbrite D Ignimbrite | Ignimbrite P3gnimbrite Mo Ayagaures

Sample: 17-11-91-3 105-TL  95-11-12-10 12-11-95-14 95-11-12-13 12-11-95-18 12-11-95-19 13-12-90-2 12049310a 12-4-93-9 30-4-95-24 30-4-95-22 2-12-93-2

Number of analyses: 3 2 6 3 10 11 16 21 11 9 5 9 9

(Wt%)
SiO, 69.74 69.56 69.19 68.80 68.47 69.06 68.47 69.05 59.83 60.89 59.55 60.39 60.33
TiO, 0.61 0.50 0.79 0.66 0.67 1.14 0.95 1.14 1.17 1.42 0.82 1.15 1.20
Al,O5 13.47 12.42 9.83 11.81 11.73 10.70 9.09 9.08 15.03 14.95 17.39 15.70 15.78
FeO 2.25 3.50 4.98 3.67 3.65 5.90 6.53 6.38 5.72 5.79 3.73 4.95 4.90
MnO 0.18 0.23 0.35 0.24 0.28 0.34 0.44 0.43 0.42 0.43 0.40 0.46 0.50
MgO 0.29 0.27 0.24 0.28 0.28 0.50 0.26 0.26 0.69 0.72 0.37 0.58 0.57
CaO 0.36 0.26 0.13 0.14 0.17 0.17 0.10 0.11 0.48 0.49 0.53 0.55 0.57
Na,0 5.20 5.21 5.55 6.17 6.02 7.52 7.50 7.68 10.24 10.34 8.87 10.08 9.68
K,0O 4.95 5.10 4.69 4.70 4.70 4.53 4.74 5.02 4.97 5.12 5.23 5.14 5.13
P05 0.01 0.00 0.01 0.00 0.01 0.09 0.07 0.05 0.11 0.11 0.00 0.05 0.05
BaO 0.05 0.03 0.04 0.08 0.03 0.09 0.03 0.06 0.05 0.03 0.02 0.04 0.04
Sro 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
S 0.012 0.033 0.072 0.088 0.067 0.100 0.074 0.083 0.101 0.102 0.041 0.115 0.098
F 0.16 0.13 0.18 0.15 0.15 0.21 0.41 0.38 0.36 0.35 0.34 0.38 0.36
Cl 0.11 0.13 0.12 0.15 0.16 0.12 0.19 0.20 0.18 0.19 0.19 0.20 0.22
Total 97.39 97.38 96.19 96.93 96.37 100.49 98.87 99.96 99.34 100.94 97.52 99.81 99.42
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Table 10. Representative EM P data of glass shards from Holes 953C, 955A, and 956B

Hole, core, section:

953C-69R-4 953C-68R-4 953C-67R-4 953C-67R-1 953C-66R-3 953C-65R-6 953C-64R-3 953C-64R-1 953C-63R-1 953C-62R-1

Interval (cm): 22-29 56-60 53-59 148-150 16-22 103-107 72-75 62-74 40-48 100-118
Depth (mbsf): 835.58 826.07 816.49 813.18 805.03 800.02 786.14 783.42 7735 764.6
Volcaniclastic unit: U-12a ui15 U-20 U-21 U-29 U-31 U-36 uU-37 U-38 U-40
Sample number: CGL-4 PGL-1 CGL-3 CGL-5 CGL-3 CGL-8 GL-r(FP-11) CGL-5 GL-r(FP-5) CGL-8
Number of analyses: 3 9 2 2 2 1 2 3 1 2
(Wt%)

SO, 66.05 65.06 67.94 66.11 66.57 66.53 67.40 67.65 65.59 63.39

TiO, 0.67 0.59 0.50 0.72 0.51 0.62 0.38 1.07 0.45 0.98

Al,O4 13.19 13.46 8.95 11.64 12.33 14.81 14.69 8.85 13.52 10.45

FeO 2.76 2.94 3.88 3.37 2.55 2.49 3.00 6.17 2.19 5.42

MnO 0.18 0.14 0.29 0.22 0.21 0.19 0.13 0.42 0.22 0.31

MgO 0.37 0.36 0.13 0.39 0.25 0.31 0.12 0.35 0.27 0.49

CaO 0.38 0.62 0.16 0.31 0.19 0.41 0.05 0.16 0.30 0.19

Na,0 414 5.67 3.95 523 581 4.00 6.87 6.78 5.75 7.34

K,0O 371 4,22 2.79 371 4,01 419 4.35 4.35 4.35 4,78

P,05 0.03 0.08 0.03 0.06 0.07 0.03 0.05 0.12 0.08 0.16

BaO 0.06 0.11 0.10 0.00 0.07 0.01 0.00 0.00 0.00 0.00

SO 0.084 0.232 0.239 0.230 0.214 0.006 0.247 0.264 0.258 0.243

S 0.034 0.011 0.021 0.020 0.053 0.062 0.020 0.071 0.057 0.076

F 0.200 0.228 0.380 0.248 0.206 0.184 0.086 0.270 0.221 0.249

Cl 0.142 0.080 0.351 0.214 0.158 0.172 0.077 0.168 0.181 0.121

Total: 92.00 93.79 89.73 92.46 93.19 94.00 97.46 96.69 93.43 94.18

Table 10 (continued).

Hole, core, section:  953C-61R-3 955A-60X-2 955A-59X-6 955A-59X-6 955A-59X-2 955A-59X-1 955A-58X-5 955A-58X-4 955A-58X-1 955A-58X-1
Interval (cm): 109-114 140-144 128-140 61-67 44-46 51-53 72-78 71-76 119-125 16-17
Depth (mbsf): 758.06 563.80 559.98 559.31 553.14 551.71 548.32 546.81 542.79 541.76

Volcaniclastic unit: U-41 U-7 U-13 U-15 U-24 U-25 uU-27 U-30 U-34 U-39

Sample number: CGL-4 GL-r(FP-3) BGL-1 BGL-3 CGL-9 CGL-10 BGL-12 BGL-2 CGL-5 CGL-1

Number of analyses: 2 2 2 2 2 2 2 2 2 2

(Wt%)

SO, 65.88 67.42 68.49 69.78 64.37 66.82 68.57 63.17 63.22 66.90

TiO, 1.09 0.81 0.66 0.61 0.84 0.94 0.53 1.08 0.71 0.59

Al,Oq 10.88 15.12 13.65 13.39 14.68 11.90 12.38 15.56 15.50 1271

FeO 521 244 2.32 257 3.03 4.14 241 3.61 2.76 3.05

MnO 0.37 0.25 0.14 0.24 0.21 0.23 0.24 0.23 0.21 0.22

MgO 0.50 0.61 0.33 0.30 0.62 0.51 0.27 0.89 0.43 0.28

CaO 0.19 1.22 0.48 0.39 0.69 0.30 0.37 1.15 0.46 0.24

Na,0 743 6.17 5.26 5.51 5.67 5.37 5.38 6.92 6.15 5.01

K,0 4.45 3.73 414 4.49 3.54 431 4.66 4.33 514 4.33

P,05 0.19 0.04 0.01 0.00 0.08 0.03 0.03 0.28 0.02 0.00

BaO 0.000 0.130 0.064 0.034 0.201 0.066 0.002 0.184 0.084 0.078

SO 0.229 0.000 0.100 0.141 0.007 0.108 0.143 0.000 0.036 0.102

S 0.069 0.049 0.023 0.028 0.050 0.027 0.011 0.083 0.084 0.031

F 0.242 0.200 0.133 0.191 0.202 0.205 0.313 0.581 0.257 0.284

cl 0.153 0.122 0.125 0.106 0.099 0.156 0.089 0.042 0.142 0.194

Total: 96.89 98.32 95.93 97.77 94.29 95.10 95.37 98.10 95.21 94.03

Table 10 (continued).

Hole, core, section:

955A-57X-2 955A-56X-3 955A-56X-1 955A-55X-4 955A-54X-CC 955A-53X-3 956B-43R-1 956B-41R-1 956B-40R-2 956B-39R-4 956B-39R-2

Interval (cm): 104-110 16-25 14-17 19-25 10-14 0-7 0-8 0-9 26-33 43-50 114-118
Depth (mbsf): 534.54 525.56 522.54 517.59 503.50 496.80 561.10 541.9 534.1 526.71 525
Volcaniclastic unit: U-52 U-60 U-66 U-67 U-74 U-81 U-15 U-31b uU36 U-44 u47
Sample number: BGL-2 BGL-3 BGL-14 CGL-2 CGL-14 BGL-6 BGL-12 BGL-1 CGL-6 BGL-4 CGL-10
Number of analyses: 2 2 2 2 2 2 2 2 2 3 2
(Wt%)
SO, 62.89 66.39 65.21 66.57 67.63 59.23 66.24 66.76 68.37 64.61 63.60
TiO, 1.32 1.29 0.81 1.06 110 0.97 0.57 0.95 0.76 0.92 1.24
Al,Oq 15.19 11.66 14.26 11.32 11.37 16.81 13.34 11.66 9.52 15.23 11.42
FeO 4.30 5.15 2.99 5.61 5.61 2.98 217 4.19 451 3.27 5.05
MnO 0.26 0.35 0.27 0.30 0.30 021 0.10 0.28 0.33 0.16 0.29
MgO 119 0.73 0.60 0.50 0.49 0.84 0.30 0.56 021 0.73 0.75
CaO 145 0.60 0.55 0.20 0.15 1.33 0.52 0.35 0.14 0.96 0.71
Na,0O 7.52 7.67 5.88 6.73 6.57 6.90 5.49 517 5.10 6.49 6.40
K,0 191 3.30 4.98 4.84 4.98 4.43 418 5.25 4.36 4.17 333
P,0O5 0.26 0.19 0.08 0.13 0.07 0.14 0.08 0.04 0.00 0.16 0.23
BaO 0.231 0.274 0.080 0.049 0.115 0.299 0.155 0.066 0.078 0.269 0.148
SO 0.000 0.075 0.000 0.119 0.013 0.037 0.254 0.097 0.122 0.000 0.014
S 0.106 0.060 0.020 0.066 0.095 0.056 0.015 0.029 0.064 0.054 0.130
F 0.381 0.163 0.423 0.215 0.304 0.165 0.157 0.370 0.291 0.188 0.136
cl 0.029 0.122 0.050 0.130 0.128 0.115 0.104 0.172 0.147 0.077 0.094
Total: 97.04 98.03 96.19 97.84 98.92 94.51 93.67 95.95 94.00 97.30 93.53

Note: CGL = clear glass, PGL = pumice glass, GL-r = glass rim around minerals, and BGL = brown glass.
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ly increases with iron in the rocks of the Mogan Formation, where itrystals to glass, representative for the particular level in the magma
reaches 1.2 wt% in the pantellerite. Interestingly, titania may also exeservoir, is likely to have changed greatly during transit of the pyro-
ceed 1 wt% in many trachyphonolitic rocks of the Fataga Formatiorglastic flows.

such that Fe/Ti ratios are much higher in all Mogéan rocks relative to Despite these complicating factors, however, the main chemical

those in the Fataga. differences in the Mogan and Fataga lithostratigraphic groups are
mirrored in remarkable detail in the volcaniclastic units, even by
Bulk Volcaniclastic Sediments highly alteration-susceptible elements like alkalis (Fig. 16). We now

discuss the chemical stratigraphy together with the electron micro-

We analyzed bulk tuffs for two main reasons. First, we wanted tprobe analyses of the glasses.
find out whether the bulk composition is useful in verifying and/or
defining the chemical stratigraphy established on land and that prddajor Elements
vided by the microprobe analyses of glass shards. Second, we wanted
to contribute to the interpretation of the bulk composition of mixed The silica concentrations are low in the basaltic sandstones under-
volcaniclastic rocks that contain varying proportions of accidentalying and directly overlying P1, approach 70 wt% in the main Mogén
lithics and biogenic debris. Such rocks are common in the geologiaterval, decrease to 685 wt% in the transitional interval and de-
record, but they are rarely analyzed because of the obvious problemrgase further to 52 wt% in the Fataga interval, disregarding in-
in assessing the magnitude of the effect of multi-component mixingermediate concentrations of the mixed rocks. Volcaniclastic sedi-
and alteration on the overall chemical composition. We restrict ouments in Unit IV of Hole 953C have Sj@ontents from 49 to 68 wt%
discussion here to the first goal. (all values on CaCg¥ree basis), with most values exceeding 55 wt%

We realize that the interpretation of the composition of bulk rockgFig. 16). Concentrations of MgO, FeO*, and T#De relatively low,
is beset with many problems. One has to take into account sevesshereas alkalis and AD; are relatively high. Volcaniclastic sedi-
factors that modify the chemical composition of the original primaryments with evolved compositions in Subunits IVA and IVB have
glass. First, glasses have been hydrated and chemically alteredldaver SiQ, and MgO and generally higher 8k, K,O, and NgO
varying degree, as shown also by the low microprobe totals of indthan do those in Subunit IVC. These systematic differences in major
vidual glass shards (see above). This leads to a loss in alkalis, espéement compositions clearly reflect the chemical differences be-
cially Na, and, in the case of alteration of pumice and glass shardstiween volcanic rocks from the Mogan and Fataga Groups.
layer silicates, in an uptake of Mg. Second, the admixture of nanno- It has been known for some time that the Na/K ratios decrease
fossil matrix and larger bioclasts tends to greatly modify the bulkwith time from Mogan to Fataga, while total alkalis increase
composition, depending on the type and amount of skeletal debri€Schmincke, 1969, 1973). The alkali concentrations of the volcani-
Most notably, this leads to significant increases in calcium and, in thelastic sediments preserve these variations, despite the susceptibility
case of dolomite cement, magnesium, both elements having concasf-alkalis to alteration. Soda generally shows concentrations7ob 6
trations generally <0.5 wt% in the felsic glasses. Taking out an equiwt% in the Mogan ignimbrites, but may exceed 10 wt% in fresh
alent amount of CaO to the amount of d@easured decreases the glasses of the Fataga Formation (Fig. 20). InterestinglyQ Nan-
calcium excess. Nevertheless, nearly all analyses show a significacgntrations are, in general, significantly lower in the Fataga ignim-
excess of magnesium and calcium after carbonate correction, whithites relative to those of the fresh vitrophyre glasses, whereas this
probably results from the presence of calcium-bearing zeolites in theontrast is less pronounced in Mogan ignimbrites. This most likely
matrix, basaltic rock fragments, and basaltic clinopyroxene. Theesults from the less complete and coarse-grained crystallization of
ubiquitous admixture of lithic fragments from the shield basalts anthe lower temperature Fataga ignimbrites, which results in a diage-
mafic crystals tends to increase Ca, Fe, and Mg concentrations andtic loss of soda. Potassium, being less mobile tha@,Nharac-
reduce alkalis and silica. The compatible trace element concentreeristically increases from rocks of the Mogan Group, in which it
tions of Cr, Ni, and, to a lesser degree, V and Cu are also significanttprely exceeds 5 wt% to >5 wt% in the Fataga ignimbrites and lava
increased. A final, more subtle factor in the interpretation of the conflows. The Na/K ratio decreases throughout the Mogan Formation
position of the bulk rocks is the fact that—even if the rocks were freand is distinctly lower in the Fataga Formation where it is reflected
of biogenic debris, accidental lithics, and alteration—the ratio ofn the more potassic alkali-feldspar phenocrysts. Calcium concentra-
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Figure 18. Stratigraphic plot of EMP analyses of glass shards from Holes (A) 953C, (B) 955A, and (C) 956B.
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Figures 18 (continued).

tions are generally <0.5 wt% in most Mogan rocks, but are betweegdge of characteristic fingerprint mineralogy or microprobe analysis
0.7 and 0.9 wt% in most Fataga rocks. MgO concentrations are geof individual glass shards, bulk-rock compositions would be suffi-
erally less than 0.2 wt% in Mogén rocks, but are as high as 0.5 wt#ent in correlating specific volcaniclastic intervals (except for rare
in many rocks of the Fataga Group. individual ignimbrites and their related volcaniclastic layers) with the
known chemostratigraphic subaerial record.
Trace Elements
) ] ] ] Composition of Glass Shards
High concentrations of many incompatible elements (Zr, Nb, Y,

La, and Ce) are characteristic of evolved magmas from the Mogéan
and Fataga Groups. Rocks from both groups can be distinguishcﬁg
from each other by their Zr/Nb ratios, which mainly result from

higher Nb concentration in the Fataga rocks (Schmincke, 1976). Al ration on their composition (Pls. 1, 2). To minimize this effect we

Nb ratios decrease from values >6 in the Mogan and intermediate i3 e only used those with analytical totals exceeding 94 wt%. The
tervals and are <4 in the vitric sediments of the Fataga interval. Ign-

imbrit tionally t itional betw Moa3 d Fat roblem of mixing of glasses of different composition from several
imbrites compositionally transitional between Mogan and Fataga atgsp o or fallout deposits is considered negligible in those volcani-
mineralogically more Fataga-like, but their chemical composition i

. . h h L Slastic layers where significant fractions of the clasts are represented
Mogan-like, such as Zr/Nb ratios >5. Volcaniclastic unit with thes Y 9 P

“transitional” characteristics are abundant in Hole 953C. eoy single glass shards or pumice shards.
Trace element data for sediments in Lithologic Unit IV (Hole 3
953C) show relatively high concentrations of Nb-{280 ppm), zr ~ Lower Mogan Phase
(330-1310 ppm), Ce (108430 ppm), and Rb (3010 ppm), and
moderate concentrations of Ba {260 ppm) and Sr (#1090 ppm). Compositions corresponding to lavaflow VL and overlying high-
Sediments in the lower part of Subunit IVB and in IVC have muchemperature ignimbrite V1 and their associated fallout tephras occur
higher Zr/Nb ratios (5:97.3) than those in the middle and upper partsbetween 835.58 and 822.2 mbsf (13 min thickness) at Hole 953C, be-
of Subunit IVB and in IVA (Zr/Nb largely 3:81.3), corresponding to  tween 563.8 and 553.14 mbsf (10 m in thickness) at Hole 955A, and
the peralkaline rhyolites of the Mogan Group. between 562.68 and 541.9 mbsf (20 m in thickness) at Hole 956B.
In summary, the bulk, major, and trace element compositions ofhe enormous thickness of the V-type volcaniclastic layer at Hole
the volcaniclastic layers, which range from nearly pure vitric tuffs956B, coupled with the more pronounced chemical homogeneity of
through mixed rocks to basaltic lithic sandstones, reflect the majaglass shardsinVVU-15, probably resultsfrom higher ash supply to this
chemical changes between the basaltic shield and the rhyolite, rhyarea as evidenced by the regionally largest, thickest fallout tephra
lite to trachyte and trachyte to trachyphonolite of the pre-Moganlayers immediately underlying the subaerial ignimbrite VI in the
Mogan and Fataga subaerial stratigraphic intervals. Without knowMontafia Horgazales area in southwestern Gran Canaria.

Several factors have to be considered when comparing composi-
ns of glass shards with the presumed source ash-flow deposit. The
ain problem with the glass analyses lies in the variable effects of al-
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FormationsB. EMP analyses of glass shards from volcaniclastic units corresponding to the Mogan Group. (Continued next page.)

Middle Mogan Phase

The interval between the lowermost V-type volcaniclastic layers
and volcaniclastic layers derived from ignimbrite X is~2.5 m at Hole
956B. At Hole 955A, thisinterval is 10 m thick, with X beginning at
548.32 mbsf, and at Hole 953C, the thicknessis 8 m, with X begin-
ning at 816.49 mbsf. The two volcaniclastic layers analyzed between
V- and X-type volcaniclastic layers (VU-24 and 25) at Hole 955A
might correspond to ignimbrite P2 and TL. No volcaniclastic layer
has been identified yet at this hole which may correspond to ignim-
brites P2 or TL. At Hole 953C, VU-17 might correspond to VL. In-
terestingly, volcaniclastic units identified positively as being related
toignimbrite X, based on stratigraphic position and the abundance of
titanite (see above), are represented by almost entirely pantelleritic
composition at Hole 953C, comenditic composition at Hole 955A,
and mixed pantellerite-comendite composition at Hole 956B. This
difference probably resultsfrom regional differencesin relative erup-
tion volumes of pantellerite and comendite from cooling Unit X
around the eruptive vents, probably being fed from acalderaring fis-

Upper Mogéan Phase

The thickness of the stratigraphic interval between ignimbrites X
and A, which isidentified by its comenditic and trachytic composi-
tion and abundance of phlogopite, is 10 m at Hole 953C, 6 m at Hole
955A, and 14 m at Hole 956B. The vol caniclastic sediments analyzed
inthe stratigraphic interval between those correlated to ignimbrites X
and A are compositionally more heterogeneous and range from pan-
tellerite to comendite. They correspond to pantelleritic-comenditic
ignimbrite O. Glass shard compositions in the volcaniclastic unit that
correlates to ignimbrite A are very homogeneous at al three holes
and differ significantly from those of over- and underlying units. This
homogeneity is thought to partially result from the covering of the
preceding ignimbrites by widespread basaltic lava flows (T4) which
prevented or reduced the incorporation of glass shards from older
units. Erosion of this basalt supplied more basdltic lithoclasts to the
A-volcaniclastic interval, especialy in the two southern holes, com-
pared to most other volcaniclastic units related to ignimbrites in the
Mogan stratigraphic interval.

sure. Most likely, pantelleritic magma erupted dominantly in the
north, comenditic magma in the southeast, and both magmas erupted
in the southwest.

The stratigraphic interval between volcaniclastic units correlated
to A and D is ~14 m at Hole 953C, ~7 m at Hole 955A, and 1 m at
Hole 956B. At Hole 955A, VU-36 and 39 most likely represent re-
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Figure 19 (continued). C. EMP analyses of glass shards from volcaniclastic
units corresponding to the Fataga Group.

working of ignimbrite A, the evidence for correlation being based on
the compositional similarity of many shards to subaerial ignimbrite
A and the extreme heterogeneity in these units. At all three holes, one
or two pantelleritic vol cani clastic units occur between syn-ignimbrite
A and syn-ignimbrite D (Fig. 18).

We have tentatively identified ignimbrite D of the uppermost
UMF at all three holes by its extreme pantelleritic composition. In
Hole 953C, we have correlated VU-36 with ignimbrite D. The glass
compositionsin the five cores from VU-40 through 46 are all pantel-
leritic trachytic to rhyolitic compositions. Because the petrography of
thesevolcaniclastic layers suggeststhat they aredirectly related toig-
nimbrite emplacement, the question arises as to why these ignim-
brites do not occur in the south. We suggest that they correspond to

the thick lower part of the intra-caldera Montafia Horno Formation,

cause of a phase of major caldera downsag, following the eruption of
widespread basalt unit T4. Ash flows erupted during this time inter-
val were able to leave the basin through the outlet in the northeast and
are thus documented at Hole 953C but not the southern holes.

In Hole 956B, the boundary between Mogan type and Fataga type
volcaniclastic units is more clearcut. VU-47 up to VU-54 correspond
chemically to ignimbrite D. All volcaniclastic units younger than
VU-77B show Fataga-type compositions.

Sideromelane

The occurrence of sideromelane and hyaloclastites within felsic
ash layers was unexpected. Sideromelane shards occur almost exclu-
sively in submarine volcaniclastic layers corresponding to the Mogan
stratigraphic interval in all holes, but most commonly in Hole 955A.
Very few were found in Fataga phase volcaniclastic layers. Perhaps
the greater magnitude of ash flow eruptions during the Mogan phase
triggered the submarine basaltic eruptions.

We suggest that most sideromelane ash particles found within fel-
sic volcaniclastic layers at all three sites were formed by submarine
eruptions, because there is an almost complete absence of basalt
flows on land, except for the widespread rhyolite-basalt composite
ignimbrites, P1 and R, and spatially restricted T3 and T6 basalts. We
know of only one widespread basaltic event (T4) that occurred be-
tween the eruptions of ignimbrites O and A at the base of the UMF.

We cannot deny that basaltic hyaloclastite cones formed at the
shore and were subsequently eroded. We consider this hypothesis un-
likely, however, because the only basaltic dikes known to have tra-
versed part of the cooling units of the Mogan Group are those associ-
ated with the widespread basaltic eruptive event of T4. We therefore
conclude that the sideromelane shards in the felsic volcaniclastic lay-
ers of Holes 953C, 955A, and 956B are the result of submarine erup-
tions. Sideromelane, however, is difficult to use as a stratigraphic
tool. A more detailed discussion of the origin of these sideromelanes
is given in a companion paper (Schmincke and Sumita, Chap. 16, this
volume).

CONCLUSIONS AND OPEN QUESTIONS

Major stratigraphic intervals in three holes drilled into the volca-
niclastic apron of Gran Canaria contain several hundred volcaniclas-
tic layers in the age interval between 9 and 14 Ma. This interval is
~450 m thick at Hole 953C, 60 km northeast of Gran Canaria, and
slightly <200 m thick in Holes 955A and 956B, southeast and south-
west of the island. Most of the major volcaniclastic layers are more
than 10 cm thick and occur in the stratigraphically lower part of these
sections to ~11.5 Ma. The volcaniclastic layers have been catalogued
and described petrographically based on reexamination in the core re-
pository and ~200 polished sections. Glass shards and major pheno-
crystic minerals (feldspar, amphibole, pyroxene, phlogopite) have
been analyzed by EMP, aided by bulk chemical (XRF) analyses of
some 30 tuff samples. In addition more than 30 bulk-rock (XRF)
analyses, EMP analyses of fresh vitrophyre and feldspar phenocrysts
were also carried out on the subaerial ignimbrites on land that corre-
spond stratigraphically to the volcaniclastic units.

The felsic volcaniclastic layers, which consist of pumice, blocky

most of which is pantelleritic in composition. Field evidence suggestsitric shards of welded tuff, bubble-wall and bubble-junction shards,
that many ignimbrites erupted during this interval ponded inside therystals from the ignimbrites and lava flows as well as xenocrysts
caldera basin to the south. We have previously discussed the strongéariefly of the shield basalts, rock fragments, and nonvolcanic sedi-
erosional dissection of the Miocene shield basalts in northeastements, mainly foraminifers and nannofossil ooze as well as clay, can
Gran Canaria. Our evidence from dips of epiclastic rocks inside thiee correlated to the two main felsic volcaniclastic formations on land,
caldera also suggests that drainage of the caldera basin was dothie Mogan Group (+41.3.35 Ma) and the Fataga Group (13.35 to ~9
nantly to the northeast. We thus view the stratigraphic section in Holéa). The correlation achieved both between the holes and with the
953C between Cores 157-953C-63R and 58R as largely representisigbaerial record is mainly based on the chemical composition of glass
ignimbrites that ponded inside the caldera in the south, possibly behards and minerals, and XRF analyses of bulk rocks. The glass and
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Figure 20. A. FeO* vs. Al,O5 for major subaerial ignimbrite cooling units of the Mogéan and Fataga Groups, and vitrophyre glasses from the Mogéan and Fataga
FormationsB. EMP analyses of glass shards from volcaniclastic units corresponding to the Mogan Group.

bulk-rock compositionsfrom the vol caniclastic layers correlated with phibole. A major interval ~40 m thick at Hole 953C, represented by
the Mogan Group are dominantly peralkaline trachytic to rhyolitic,volcaniclastic units compositionally intermediate between the Mogan
with Al,O; concentrations generally <14 wt% and Sgncentra- and Fataga rocks, is only marginally represented in the two southern
tions more than 65 wt%. Zr/Nb ratios are generally higher than 5. The¥ill holes. We speculate that many pyroclastic flows erupted during
trachyphonolitic Fataga volcaniclastic layers are richer in alumindhis time interval were drained through the northeastern outlet of the
(up to ~19 wt%), have higher alkali concentrations and lower Na/kKaldera basin and sedimented in the sedimentary basin north of the is-
ratios, and have Zr/Nb ratios ~4. Anorthoclase compositions are gefand, but were ponded in the southern part of the caldera basin, where
erally slightly more potassic (up to 40 mol% Or) in the Fatagathey are now exposed as hydrothermally altered intra-caldera ignim-
whereas very sodic anorthoclase compositions characterize volcattrites only.
clastic layers from the LMF. Phlogopite is a ubiquitous phenocrystin  The correlation of specific ignimbrite-related volcaniclastic lay-
the volcaniclastic layers of the Fataga Group, but is present in onbrs allows to calculate sedimentation rates in the interval between 14
one of the 15 subaerial ignimbrite cooling units in the Mogéan Groupand 13.3 Ma fairly precisely between the holes (Figs. 21, 22). Sedi-
Within the lower interval of the volcaniclastic sequences (Mogan)mentation rates at Hole 953C are 97 m/m.y. for the interval between
~50 m thick in the two southern holes and 90 m thick in the northerayn-ignimbrite D (VU-36) and A (VU-29), 142 m/m.y. from syn-ig-
hole, many volcaniclastic layers have been drilled that are several deaimbrite A to X (VU-20), and 113 m/m.y. from syn-ignimbrite X to
meters thick, coarse-grained, compositionally relatively homogenouBl (VU-1). At Holes 955A and 956B, sedimentation rates are signif-
and contain abundant, angular, brown, nonvesicular, felsic glassantly lower for all three intervals: 43 and 54 m/m.y. for the interval
shards, which may have formed by quench fragmentation of hot agfetween syn-ignimbrite D and A, 69 and 84 m/m.y. for the interval
flows that entered the sea. About seven of these characteristic syn-igretween syn-ignimbrite A and X, and 72 and 93 m/m.y. for the inter-
imbritic volcaniclastic units can be correlated unequivocally betweenal between syn-ignimbrite X and P1. The remarkable thickness of
the holes, as well as to their source ignimbrites on land. The correleaany volcaniclastic units that formed as a direct result of ash flows
tions are based on compositions of glass shards, presence of index neéntering the sea rather than by erosion of consolidated rocks, and the
erals, and differences in compositions of feldspar, pyroxene, and arenormous lateral extent of these volcaniclastic layers, requires that
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which represents three-quarters of the entire stratigraphic interval under ¢
cussion, is mostly because of the higher degree of alteration in the more cc
monly zeolitized tuffs in the Fataga, the less common occurrence of thi

volcaniclastic units, and our focus on the Mogéan for which the subaeri
equivalent ignimbrite cooling unit had been documented in detail.

Figure 22. Sediment accumulation rates for the Mogan interval at Holes
953C, 955A, and 956B.
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the volumes of ignimbrites on land, most of which rangesfrom 20 to
40 km?3, must be approximately doubled. The following discussion of
unsolved problems is meant to illustrate the point that we are aware
of the limitations of the correlation of individual volcaniclastic layers
for which we have provided the large database.

The problem of correlation of volcaniclastic layers would be fa-
cilitated if we could unequivocally identify volcaniclastic fallout lay-
ers that resulted from highly explosive eruptions and airborne ash
clouds falling into the water and sedimented directly on to the
seafloor. The fact that we have not yet clearly identified more than a
few of such fallout layers can be attributed to many factors, including
the general lack of large, Plinian-fall eruptions associated with low-
viscosity, peralkaline ash-flow eruptions. More serious, however, is
the fact that the abundant turbidites commonly show evidence of be-
ing erosional. Thin, fallout ash layers deposited shortly prior to the
pyroclastic flow on land would likely be eradicated by these subse-
quent ash turbidites. Moreover, it is likely that ash from co-ignim-
brite ash falls would be sedimented in a chaotic environment of tur-
bulently convecting, muddy water above the moving ash turbidites
following entry of ignimbritesinto the sea.

Another problem is related to our poor understanding of the gen-
eration of the major volcaniclastic units (e.g., fragmentation and
transport mechanisms) that led to their deposition. In the companion
paper (Schmincke and Sumita, Chap. 16, this volume), we specify
major criteriaby which we attempted to identify volcaniclastic layers
that most likely were emplaced synchronously with an eruption.
However, we have not been able to specify whether individual volca
niclastic layersin each of the drill holeswere deposited at exactly the
same time as the subaerial eruption. Although we can be confident
that some flow units of the ignimbrites on land were emplaced effec-
tively synchronously, there may have been asignificant delay in dep-
osition of the submarine volcaniclastic units. We envision that the py-
roclastic flows produced a chaotic pile-up of deposits at the land/sea
interface, which grew until the last flow unit was emplaced. As this
hot pile began to weld, it likely exploded as a result of wave action,
and mixed with sediments present at the bottom of the shallow seabe-
fore emplacement of the first flow unit. Because we assume that this
transitional zone between theland and sea effectively stopped the fast
advance of the pyroclastic flows, we expect adecoupling of glassand
crystal debris mass flows from the postulated pile-up zone peripheral
to most of the island. The generation of glass-shard turbidites from
these chaotic pileswill inevitably occur at different timesand, hence,
it is unlikely that volcaniclastic layers drilled in the three holes will
have been deposited exactly synchronously. It is one of the main
goalsin our ongoing study to elucidate this problem, by focusing on
volcaniclastic layersthat share amaximum in compositional and tex-
tural similarity in two or three holes.

During this study we have recognized volcaniclastic layers that
we think can be correlated among all three holes using some textural
and compositional criteria and their stratigraphic position and which
therefore appear to have been deposited quasi-synchronously but
which contain glass shards and minerals differing significantly in
composition. We do not yet know how much of thisdifference results
from compositional differencesaong theroughly concentric eruptive
fissure, because not all parcels of the chemically zoned magma col-
umn are erupted in equal proportions from the caldera or is because
of compositional differences as a function of time. A problem ame-
nable to further analysisis presented by our as yet incomplete under-
standing of whether the compositional heterogeneity inavolcaniclas-
tic layer reflects the compositional heterogeneity and systematic
compositional zonation of the parent cooling unit, or whether it is be-
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cause of erosiona mixing. We have addressed this problem in amore
detailed study of P1 ashes (Freundt and Schmincke, Chap. 14, this
volume) and have begun similar high-resolution analyses of selected
volcaniclastic unitsin the overlying intervals.

Because the production of volcaniclastic layers in the Mogan time
interval corresponds approximately with the subaerial record, we ex-
pected to be able to correlate the eight major volcaniclastic layers in
the lower part of the Fataga interval to the main interval of subaerial
ignimbrite emplacement during Fataga time. But this was not the
case. For example, between 11.4 and 12 Ma, when at least six major
ignimbrites were emplaced on land which formed the Middle Fataga
Formation, we expected to see a major pulse of volcaniclastic layer
production to occur in the drill holes. The biostratigraphic dating in
all three holes suggests that the period of sedimentation of the major
volcaniclastic layers believed on textural evidence to be related to ig-
nimbrite emplacement into the sea ends at ~12 Ma. Because of the
fairly detailed dating of the subaerial ignimbrites by single-crystal,
“Ar/*Ar methods (Bogaard and Schmincke, Chap. 11, this volume),
we suspect that the biostratigraphic dating for this interval is signifi-
cantly too high. Many of the conclusions in this first report are tenta-
tive and will probably be modified as a result of our ongoing work on
the Miocene felsic volcaniclastic layers drilled during Leg 157.

We are looking into the immobility of several elements in glasses
from the entire compositional section because there are some clear re-
lationships between the degree of glass alteration and its composi-
tion. Once we better understand the mobility of critical elements, ad-
ditional glass shards will be analyzed to sharpen our characterization
of specific volcaniclastic layers and to better understand processes
that generate volcanic ash turbidites from pyroclastic flows that enter
the sea.
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1 mm

Plate 1. 1. Large pantelleritic completely welded splintery glass shard with perlitic cracks at both ends of the shard (Sample 157-953C-64R-1, 62-74 cm). 2.
Fragment of welded tuff showing moderate welding in the central part (Sample 157-953C-64 R-4, 62-74 cm). 3. Fragments of partially welded tuff (left),
blocky shards and bubble-wall shards (Sample 157-953C-68R-4, 56-60 cm). 4. Fragment of strongly welded tuff with visible stretched shard outlines (Sample
157-953C-62 R-2, 0-4 cm). 5. Blocky vitric shard and feldspar with melt inclusion and bubble (Sample 157-953C-65R-2, 94-98 cm). 6. Large single rhyoalitic
shard with thick glass septa (Sample 157-953C-64R-3, 72-75 cm).
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1 2 1 mm

Plate 2. 1. Large phlogopite crystal (Sample 157-953C-58R-4, 41-45 cm). 2. Large chevkinite phenocryst, anorthoclase, amphibole (right), bubble-wall shard
and foraminifers (Sample 157-953C-67R-4, 53-59 cm). 3. Large aegirine crystals and two pumice shards. Planktonic foraminifers (left; Sample 157-953C-55R-
3, 74-82 cm). 4. Mixture of blocky and vesicular rhyolitic glass shards, tachylite fragments, and large benthic foraminifers (center; Sample 157-953C-69R-1,
0-7 cm). 5. Vitric tuff composed mostly of pumice and minor blocky glass shard (Sample 157-953C-65R-2, 94-98 cm). 6. Pumice shards surrounded by matrix
of bubble-wall shards set in a dark nannofossil matrix (Sample 157-953C-65R-6, 100—-101 cm).
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