Distribution of faults and volcanic centers in the early stages of continental breakup: Natron Basm Tanzania
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1 Introduction

We present preliminary findings of a study charac-
terizing fauhs and voleanic products in the <5 Ma
Natron rift basin. The nature and behavior of these
faules has lmplu:.dlma Tior how strain i ¥ -

! e rift, and will g insights
into the evolving contributions of mngmml: and tec-
lonie processes during carly-stape riffing. The cur-
rent stdy looks 10 address:

1) The distribution and nature of fsulting

2) Spatial relationships between faults and volca-
noes

3) The distribation of observable strain (e Bl
throw ) a sub-kilometer seales

4) The relative timing of border and intra-rift faul-

ing
51 Potemtial theologheal influcnces on fault behavior

¥, | pends Inpermis

»

Figure 1: Location map of the Natron Basin and North Tanza- .
e

ian Dévergence b e south. Inset map i the 10p right dhis- | 25 km -
trmes the extent of the castorn arm of the East African rifi,
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Figure 4: Structural muap the Natron Basin showing the broad dissribution of fawhs ssd volcanic centers (lefl). The exient of the norther and southern faults are indicated by the

2 Methods

4 Interpretation of intra-rift fault patterns

Fieldwork: Faiilt scarps were Identified and measured, snd dissected lavas and other voleasiie deposits were sampled for
Ar=Ar dating (curremly being analyzed w Rutgers University, New Jersey,

dashed borces. Histogram froquiency graphs of fault strikes are provided for each fauh sct. Duates below volcanoes represent maximun ages from Le Gall et al. (2008, snd references
hercin), Topographic cross scctions are provided on the right of the image. Fauh planes are inferred from scarps abserved an the surface. Actual depth of the futs bs unkpewn

The shoet lengths and tight clustering of the norhern fulis is sugpedtive of a zone of focused (magmatic?) strain above g thermally weakened lithosphere.

e fault mapping; Mapping was wing a of LandSat imagery {12 m resolution), high
resalution aerial photography (0.5-2 m resolution), and hillshade functions on the newly available ASTER GDEM v.2

(horizontal resolution of 30 m; ventical sccuracy: of 14,6m (LES0)). the distribution of faulting in the north.

Strain analyskd Fault throw has been mnalyeed using o novel iechnique combining the ASTER DEM v.2 with a newly de-
signed, sutomated fiuh messuring peogram. The progrem measwnes Gl throw wing 3 slope-break method at 30 m inter-

Struin is primarily concentruted in the centre of this fuult array (Fig. 5), indicating o potentinl transition from border fault- 1o rift axial-dominated strain ac-
commodation in the Natron region. Further work, however, will need to consider how tension from crustal lexure due (o border fault activity has affected

The greater lengibs and throws exhibited by southem fsults highlights the potential influence of stronger, thicker crust on fault geometry, where higher
stresses ane neguired for fault activation, The general fault trend is also oblique to the far-fickl least principal stress dinection (~E-W; these faults are cither

Fihe rift south into the Noah Tanzanian Diver-

vals along fauh traces,

3 1 rivcolowical infl

Dividing faults into sub Lt T( 1) variations in the style of strain fati e rift, (2) i i the mature of fuling, and {3) tem-
poral variations in Faule activity, with implications for the evolition of the Natron rifl. The faults are divided ino three sub-populations based on mean length, throw, and spacing: northern fankis, south-
em fults, and the border fault. The 120 km-long, 1.8-3.3 Ma (Le Gall et al, 2008, and references therein) Natron border fault is the oldest festure forming the current expression of the Natron rift.
Intra-rift fiunilts (i, faaht arrys ~20km east of the border fault) began 10 form at 1.2 Ma (el Le Gall & al., 2008, and references therein), These faults ditfer in mean length, theow, and spocing from
north b south (Toble 1) and have therefore been sub-divided. OF these faults, the border fimilt and norhemn faults were measured and sampled in the field.

explofting pre-cxisting bassment fracturcs (<f, Le Gall ot al,, 2008), or

Id Observations and Fault Data

Tabde 1! Fault data collected from northern and southern fashts (ouslined in Figure 43 Ages from Le Gall et al (2008, and referonoes thereing

number of mean total length  mean length  mean throw  maximum maean maximurm

faults orientation (km) {m) m) throw (m)  spacing (m) age (Ma)
Northern Faults 220 012° 1031 4600 39 249 2200 12
Southern Faults 28 334" 239 8500 64 293 5300 12

Northern fa

+ gemeral appearunce in the feld

The nonhern fsull army exiends approximarcly 10 ki cast and 40 ko north of Gelal vobeano (Fig. 4) The fhults are nmanged en echelon, with both hard and soft-linked segments, and the footwalls
of faults typically displace basalt lovas. Nosthern faults observed in the field have shallow slopes and in general appeor fargely degraded. suggesting that slip rtes are low, We believe there is only
Timited evidence for recent ground-rupturing events, although some scarps ane partially exposed in places (Fig. 2). Lavas dissected by 3 northern foults will be dated using Ar-Ar mnalyses.

Natron border Tnnlt: general appearnnce in the fickl

The makn segments of the Natron border faull are highly eroded with no observable fresh scams or ruptures; these segments are elther inactive of have experienced a reduced slip rate and higher recur-
rence interval between surface-breaking events. An exception is a -2 km-long fawht sepment, | km enst of the main border fault escaspment, and in close proximity (< 3 km) o CHdoimyo Lengni, Here,
<10 m of seemingly recent throw is observed in volcaniclastic deposits. Constraining the behaviour of fauls fike these has impli Tor how sirsin is dated presently on the flanks of the
rifl. Pyroclastic deposits draping the muin fault segments were sampled for Ar-Ar analyses, These dates will give a minimum age of the last fuulting event in the region on the main barder fault escarp-
menl.

Tigune 3: Photos of the Natron border fuult. Lefk: view 10 the north frons the slopes. of the faihl sbove the Engaresers liwn-
ship. Right: view to the morth from the wesiem shopes of Oldoinyo Lengai, Pytocastic fows deping the fault have heen
wample for ArAr analysis

Figare 2: Photo of a fypical nortbern fualt observed cast of €Gelal volcana

dating the gradual widcning

Photos of our 2012 field scason. Top keft: Nice and clean and ready 8o head out imio the field
Top right: Profisser Simon Kattenhor standing in the way of Oldoinyo Lengai from the top
of the Natron border faull. Botiom lefl: Sunrise over Enganesero village, Botions right; Our
driver, William, gives us another demanstration on how o change i tire.
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Broad distribution of fault-related strain and magmatic centers:
observations and limitations

T brodsd shservations from gur preliminary simin analysis sre:

o Cumultive fauh throw is greatest in the north and steadily decreases to the south 1owards Kiumbeine volcana, with o cormresponding in
crease In the serlal distribition of voleanoes,

= In the northern fubt arry, strain is localized towards o central axis.
Limitations with the current approach
*  The fault program is susceptible (o artifacts when snalysing fuks on voleanic slopes or in the vicinity of smaller volcanic cones.

= An unkngwn gquantity of f.mlra mu,\ b hindden below the surfice, either buricd under sediment ipwhcul.ul\ near Lake Natron) o recen

lova Nows. The i fauiht throw and the di of volcanoes may therefore be larve
flow coverage.
Camulative intra-rift Pevceetage of transect ocouploll
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g S Disirbuton of fulrelated s i the Noon b messare o observabe il throws. Cmultive frult thiow, s the pecend of the et oc
cupied by valcanoes arod along twelve E-W by arrawal ygons) in the center of the figure reresent the aver-
g fanill threw per square meter mesured in & x § me--\lw:rln-n!\

6 Conclusions

= There is a shift in the mature and distribition of faults from north 10 south. This transition is likely related 10 o change in the me-
chanical properties of the crust, Northern faulis ane forming in o thermally weakened lithosphere, wheneas the southern faulis are
likely comatned in thicker, stronger crust.

= The distribution of fault throw and voleanic centers indicates a possible imterplay between magma- and fault-related strain sceom-
modntion in the Matron rift basin,

strin

*  The observed focusing of sirain in the centre of the rifl is suggestive of a transition 1o rift axial
and the potentisl termination of border faull activity.

7 Future Work

*  Ar-Arages of volemic deposits distirbed by faults o better constroin
the timing and evolution of the fult sub-populations.

* Fi fauilt

crmor analyses,

the

progrim and performing

* Estimate the contribution of crustal flexure on the distribution of
faulting.

= An analysis of faults in Magadi Basin to the north using o similar ap-
proach,

* Combine our results with those of two studies: (1) a seismic study (co-Fls Cindy Ebinger and Steve Roecker) imngmg the crust
and upper manile structure in the Notron, Magadi, and Manyam rifl basms. and (2) a mwclmm::l stusdy of focal springs (P] Tobios
Fischer) nddressing whether Muid b fes reflect uiids that iy b ihuting 10 the rifting process
Ty weakening the lithosphere,




