The Ituwa Surge deposits of the Holocene Ngozi caldera, Mbeya Region, Tanzania
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Fig. 1 a Panoramic view of the Ituwa quarry and its medial Ituwa Surge deposits with its source area, the Ngozi caldera, in the background
(picture taken from coordinates: S8°5625.5”, E33°30'22.8"), b the surge deposits showing an upward change from thinly bedded planar bed
forms at the base to abundant dune forms at the top (coordinates: S8XK56037.000, E33¥30025.900), c typical small-scale feature as it can be seen
in the Ituwa Surge deposits with symmetric ripples growing into an antidune



The Ituwa Surge deposits belong to the Holocene Ngozi volcano (volcano number 222164 of the Smithsonian Institute
Global Volca-nism Program; Siebert et al. 2010) of the Rungwe Volcanic Province (RVP; Harkin 1960; Lenhardt and
Oppenheimer 2014). They are named after their type locality and place of best exposure, the village of Ituwa in the
Mbeya Region of southwestern Tanzania. Volcanism within the RVP started approximately 9 Ma ago and can be divided
into a Late Miocene (~9.2-5.4 Ma), a Late Pliocene-Early Pleisto-cene (~3-1.6 Ma) and a Mid-Pleistocene-recent
(< ~0.6 Ma) phase (Ebinger et al. 1989, 1993; Ivanov et al. 1999).

The trachytic-to-phonolitic Ngozi volcano contains a 3-km-wide caldera with a 1.5 x 2.75 km lake in the southern part
of the caldera. Ngozi lake is the second largest crater lake in Africa. The caldera is bounded by steep-walled cliffs 150—
300 m high and could be of Holocene age due to its irregular shape (c.f. Fontijn et al. 2012). Only two of Ngozi’s deposits
could be dated so far through radiocarbon analysis, the 10-12 ka Kitulo Pumice (a fallout deposit) and the < 1 ka Ngozi
Tuff (a pyroclastic density current deposit; Fontijn et al. 2010). The exact relationship between the Ituwa Surge deposits
and the two dated Ngozi deposits remains unclear. However, regional stratigraphy suggests that the Ituwa Surge deposits
have an age closer to the Ngozi Tuff than the Kitulo Pumice. This deposit may therefore represent a part of the most
recent history of the caldera.

In the field, the Ituwa Surge deposits can only be observed north of the caldera toward Mbeya. Here, they provide

excellent outcrops in median (58056/37.0”, E33°30/25.9" ; ca. 8.6 km from caldera center) to distal distances

(S8°55%6.6", E33°,22/ 27.1/ ! ca. 22 km from caldera center away from the volcano. The deposits can be characterized as
base surge deposits similar to the world-famous surge-dominated Mendig facies of Laacher See in Germany (e.g.,

Schmincke et al. 1973, 1990) and are so far the only recorded deposits of its kind from a Holocene caldera on the African
continent. Base surges are dilute pyroclastic density currents (PDCs) that form during phreatomag-matic eruptions, i.e.
when rising, magma explosively interacts with subsurface or surface water (Morrissey et al. 2000). They are turbu-lent,
ground-hugging clouds of gas and tephra that travel radially away from an explosive center (Wohletz and Sheridan 1979;
Wohletz 1998; Mastin and Witter 2000).

Figure 1a shows an overview of the Ituwa quarry outcrop with a view from north to south toward the Ngozi caldera.
The deposits at this location are typically characterized by thinly bedded planar bed forms, abundant lithics, induration
and strong tephra alteration (pal-agonitization) at the base (Fig. 1b). The arrow points to a layer with high amounts of
accretionary lapilli. These layers can be described as ‘‘wet surge’” deposits (Wohletz and Sheridan 1983). Toward the
top, these layers grade into ‘‘dry surge’” deposits (Wohletz and Sheridan 1983), characterized by abundant dune forms,
are poorly to non-indurated and show lower amounts of lithics and palagonitization. Figure 1c shows the successive
evolution from symmetric ripples to an antidune which in turn is covered by a massive surge deposit.

Figure 2 (view from the North towards the South) shows an out-crop with the distal Ituwa Surge deposits (overlying
the deposits of a debris flow), characterized by predominantly planar bedded to mas-sive, fine-grained deposits.

The deposits are easily accessible and provide an excellent opportunity, in particular, for African geologists/
volcanologists, to study the proximal—distal relationships of the products of base surges originating from violent caldera
eruptions.
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Fig. 2 Panoramic view of the distal Ituwa Surge deposits near the town of Mbalizi (coordinates: S8°55'6.6”, E33°22/27.1")
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