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Driving Data-Driven Decisions

The worldwide construction market is back in growth mode
after climbing out of the recessionary times of just a few
years ago. That growth is a welcome return to past experi-
ence, but don't expect to see a flash back to another industry
norm of the past: a reliance on document-driven processes.
To capture the opportunities of today, companies involved in
construction, engineering, and infrastructure projects must
become more data-driven and adept at working in a digitized,
model-based environment.

The evidence of industry resurgence is firm. Worldwide, the
construction market is expected to grow by 3.8 percent in
2015 to reach U.S. $8.5 trillion in value, up from 3.1 percent
growth in 2014, according to Timetric. Meanwhile, for the
U.S. market, construction starts for 2015 will rise 9 percent
to a value of $612 billion, up from 5 percent growth in 2014,
according to Dodge Construction Outlook.

Construction, of course, spans multiple verticals and project
types, including commercial buildings, residential housing,
infrastructure projects such as railways and airports, and in-
dustry-specific projects such oil rigs or electric power plants.
There may be many participants involved, including global
engineering, procurement & construction (EPC) companies,
pure-play construction companies, and subcontractors who
specialize in areas such as electrical services, mechanical ser-
vices, fabrication, or architecture. Another way of describing
this broad market is the term architecture, engineering, and
construction (AEC). While depending on the country, region
or AEC niche, there may be relatively slower growth foreseen,
overall, the industry outlook is strong. Worldwide, from 2015
through 2025, the volume of construction output will grow by
more than 70 percent, according to a PwC report.

This growth does not come without challenges, however.
Construction projects are growing bigger, more complex, and
increasingly requiring that participants be able to work within
data-driven environments and interoperate with 3D digital
representations of assets. This shift to data-driven methods
is seen in the rapid adoption of Building Information Modeling
(BIM), a collaborative approach to design and construction
that leverages 3D design models and associated data as a
way to better manage asset information over the entire asset
lifecycle.

BIM has steadily become more mainstream among AEC com-
panies, and in some markets, notably in the United Kingdom
(U.K.) under the Government Construction Strategy, and in
the European Union (EU), where procurement rules for pro-

jects may be revised, there has been movement toward mak-
ing minimum levels of BIM mandatory to take part in govern-
ment-funded projects. This pressure to move to a higher level
of compliance is only going to intensify in the future.

In summary, the construction market has two main trends
underway:

e The return to strong growth, with some regional or verti-
cal niche exceptions.

e A greater reliance on digital approaches such as BIM and
data-driven processes for asset lifecycle management.

Put these two overarching trends together, and they elevate
the need for an integrated approach to enterprise systems in
the AEC market. By integrated systems, this means not only
further adoption of 3D design and product lifecycle manage-
ment tools, but also ensuring that enterprise-class systems
such as enterprise resource planning (ERP), enterprise asset
management (EAM) and project management are better in-
tegrated with each other and better capable of supporting
data-driven business processes.

For companies in the AEC market examining ERP and/or EAM
and project management choices, these trends elevate the
importance of an integrated approach. As this white paper
explains, an integrated approach need not sacrifice support
for unique construction business processes such as estimat-
ing based on a bill of quantity (BoQ), contract and subcon-
tract management, and project cost control. Such industry-
critical capabilities should be sought after when making an
ERP choice because otherwise the user company lacks a truly
integrated platform for becoming data-driven.

Thus an ERP platform for the AEC market should be project-
centric, asset-centric, and support industry-specific func-
tions. As is the case across all industries, it's also preferable
that the ERP solution be flexible and scalable in the way it
can be licensed and deployed, allowing users to scale into the
desired solution at their own pace.

ERP's Heritage

ERP systems have been widely adopted in industries such as
manufacturing because they give a company an integrated
platform for taking orders, procuring parts, managing pro-
duction, and controlling inventory, financials, and distribu-
tion. ERP solutions generally are effective at supporting sup-
ply chain processes in which a manufacturing company takes
an order for product, and uses that product’s bill of material
(BOM) structure within ERP to trigger the needed materials
required to manufacture the product.

This closed-loop supply chain process within ERP works well
for many manufacturing companies, and has even been en-
hanced with product configurator capabilities for make-to-or-
der manufacturers. The trouble is, engineering, construction
and infrastructure projects aren’t based on ordering prod-
ucts, and subsequently, don’t use pre-established BOM struc-
tures. The construction market is focused on estimating and
controlling scopes of work for one-off projects, often using a
BoQ structure in regions that have ties to the U.K. construc-
tion industry where BoQ concepts first developed.

Take the example of a football or soccer stadium. Cities,
sports franchises, or other buyers of a new stadium don’t buy
a stadium off the shelf, so to speak. The stadium is designed
and engineered to fit a specific site, its expected capacity,
and other considerations such as parking, public transit, or
road access. Nearly everything about a new stadium is
scoped and designed in a custom manner, from the number
of seats it will have, to the number of bathrooms and sinks
in those bathrooms.
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When it becomes time to start building a new stadium, one
doesn’t order from a list of stock parts or options. Instead,
the challenge revolves around establishing and bidding out
many scopes of work. These scopes of work need be esti-
mated, reviewed, approved, and revised as needed. There
are often hundreds of changes to scopes of work during a
construction project, ranging from significant design changes
like expanding a parking lot, to a simpler change such as a
substitute material a subcontractor needs to use.

As a result, instead of needing an ERP system geared to ma-
terials requirements planning, the AEC industry needs an ERP
system that is project- and asset-centric, and geared to esti-
mating scopes of work, managing subcontracts, and exerting
control of project costs, timescales, quality and risk. In short,
construction projects don’t revolve around the typical “order
to cash” process that most ERP systems support quite well.
Rather, here are some of key processes involved:

e EPCs or architectural firms develop a design that will meet
the owner’s/ operator’s needs, typically using 3D com-
puter-aided design (3D) tools that create a digital model
of the asset. The model, which serves as the foundation
for BIM processes, has associated data which can be
added to the model as the construction project pro-
gresses.

e Using specifications, increasingly taken from a BIM envi-
ronment, bids are tendered to EPCs and other firms seek-
ing to be the lead general contractor for the building of
an asset. The project is bid out by breaking down major
areas of construction according to the scopes of work in-
volved.

e Companies involved in the bidding process develop their
estimates based on various estimating approaches which
have historically been based on quantities in the scopes
of work, often using BoQs as the basis for the estimate.
There is a trend to consider the BIM model as the basis of
the estimate, which is starting to change the estimating
approach. Many factors go into developing a successful
bid, including knowing the subcontract work needed, the
equipment and plant rental requirements, the material
requirements, and the internal and subcontract labor re-
sources that will need to be allocated and charged to the
project.

e When a main contractor is bidding for a project, it typi-
cally will start subbidding out portions of the project to
subcontractors. There may be some material procure-
ment to perform, but in essence, subcontract manage-
ment is as important to the construction industry as com-
ponent sourcing is to a discrete manufacturer.

e As the project is being built, it needs to be coordinated
using project management tools, costs need to be
tracked, and milestones managed. Importantly, as the
asset gets built, any “as constructed” or “as installed”
changes to the asset master data need to be tracked and,
increasingly, cycled back into a BIM environment.

e Once construction is complete and the asset is commis-
sioned and handed over to the owner/operator, the con-
struction firm or EPC needs to ensure a smooth handover
of data into whatever EAM or maintenance system the
owner/operator will use. In practice today, this step is an
ongoing collaborative process leveraging BIM and asset
data repositories. The transfer occurs in stages often re-
ferred to as data drops, rather than as one abrupt “hand-
over” of documents or data at the final completion gate.

These common phases in the construction project lifecycle
are distinctly different from the “plan, source, make, deliver”
processes typical of manufacturing. This is why project- and

asset-management-centric ERP is needed in the construction
industry.

Industry “"Must Haves”

Consider the procurement capabilities in a typical ERP sys-
tem. Mainly, ERP procurement is for components, assemblies
or other “parts” that have a standard lead time held in the
system. When a customer orders a product, the procurement
logic of the ERP system is able to look at the BOM for that
product and stagger the ordering of materials so it is all on
hand in plenty of time to manufacture the product, but with-
out building up excess inventory. This process works fine for
most discrete manufacturing verticals, but just doesn't fit the
construction industry, where procurement is more about find-
ing the right subcontractor for a scope of the project, or rent-
ing specialized equipment such as cranes, rather than pro-
curing standard materials. Let's take a further look at some
construction industry priorities and how they tie back to ca-
pabilities needed within an integrated ERP, EAM, and project
management solution:

e CRM and estimating. Nearly every ERP vendor can offer
a customer relationship management (CRM) module, but
for engineering, construction and infrastructure projects,
the CRM should be geared toward managing opportunities
and subcontractor contacts, rather than managing cus-
tomers and product sales. Estimating should be built
around breaking down and analyzing scopes of work, in-
cluding what might be needed in terms of subcontracting,
equipment rental, labor such as site, project management
and engineering labor and materials.

e Sales contract management. ERP order management
might be good at taking orders for stock products, doing
some product configuration, and tracking factors like
sales order history, but that doesn’t do much for construc-
tion projects, where the real challenge is managing the
changing scope of work for a complex asset. The funda-
mental challenge with sales contract management is
breaking down and managing every change in the pro-
ject, which, for some large assets, can involve hundreds
of changes and greater than 100 percent change versus
the initial design. So sales contract management needs
to be able to manage approval workflows, and provide
revision control and manage contract changes.

e Valuations as part of contract management. Another
unique construction requirement is the way the industry
measures work done, or “valuations” as it is often called.
These valuations are usually done on a cumulative
monthly basis and act as the foundation for getting paid
or paying subcontractors. Often, these valuations are
done by making physical measurements against the BoQ
using a commercial function called Quantity Surveying.
These valuations are then used to produce an Application
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for Payment, which is then submitted to the client or re-
ceived from the subcontractor.

A certification process is then used to agree the month-end
valuation numbers and invoices, or, a self-billing process is
used to manage payments. The process also involves man-
aging retentions. This whole process is complex and is rarely
handled in general ERP software. It cannot be handled using
a sales order processing module.

e Subcontract management and purchasing. The in-
verse of Sales Contract Management is subcontracting.
All the complexities mentioned in the previous section
also apply to the subcontract process. In essence, the
lead construction company puts forth scopes of work for
subcontractors to bid on, assesses their bids, and sets up
the foundation for cost control and change management
over subcontracts. Unlike procurement modules in ERP
systems with a manufacturing heritage, construction in-
dustry ERP solutions must have a subcontract manage-
ment capability to be effective. Another critical area is
managing the purchasing of equipment on a hire and
rental basis. This is also a complex requirement, which, if
not built into the core software, will require heavy
amounts of software customization. As with most con-
struction functions, there is a strong need for revision
control and change management within industry procure-
ment processes as often the items being procured are
complex, unique equipment which have long lead times.

e EAM, equipment/plant hire and rental. Most con-
struction companies own some of the plant and equip-
ment they need to execute the construction process. It is
therefore essential that the solution can provide the abil-
ity to maintain these assets making sure they are safe,
reliable and available when they are needed. An EAM sys-
tem is required to be able to schedule maintenance and
repairs, manage the time of service technicians, and pro-
cure spares and materials for maintenance, repair and
overhaul. By having EAM integrated with ERP and project
cost accounting, the allocation of MRO activity to projects
and corporate financials is simplified.

It is beneficial to have one solution for both EAM and Con-
struction Project Management as they can then share the
same common back office solutions such as finance, procure-
ment and human resources. This eliminates the need for
complex, expensive integrations and also makes the solution
far more user-friendly by having one common user interface.
Additionally, the ability to rent, charge and track these assets
when they are used on projects is a key requirement rarely
found in standard ERP or EAM solutions.

e Project cost control. Once a bid is won and the project
is underway, it’s crucial that the company running the
project be able to exert cost control over all activities.
This goes well beyond what a normal ERP system’s finan-
cial modules can do, because it spans into areas such as
subcontractor costs and milestone payments, equipment
rental costs, and allocation of internal and external re-
sources to projects. The project cost control function must
be able to set a budget for the overall project, facilitate
periodic and real-time project reporting and analysis for
review meetings, keep track of what has been spent
against the budget, and revise the project forecast.

Forecasting the outcome of the project on a regular basis is
a critical activity if construction companies are to keep control
of the costs and margin. This process is usually done using
many Microsoft® Excel® spreadsheets, so finding an ERP so-
lution that can manage this process inside the business ap-
plication is a huge benefit.

e Facilities and service management. Many construc-
tion companies increasingly are offering the service to
maintain and sometimes operate the asset and facility
once it is handed over. This means they need a facilities
or service management solution, but ideally, one that is
integrated with the rest of the enterprise software solu-
tion. In most organizations, they have one set of business
software solutions for the construction stage of the as-
set’s life, another set of solutions for the operations and
maintenance phase, and often another set of back-office
solutions such as Human Resources, Finance, Procure-
ment and Supply Chain. This is far from ideal, as not only
is it very expensive to buy, maintain and integrate these
solutions, there is a need for users to master multiple user
interfaces to work well across these applications. Within
facilities/service management, the solution needs many
of the same capabilities as are found in EAM, but in addi-
tion, it needs the ability to manage a service contract,
with flexible pricing and invoicing rules.

e Mobile workforce. The other critical requirement in field
service is to manage a mobile workforce. This calls for
functionality such as mobile job management for service
technicians equipped with mobile phones or tablets. With
a mobile solution in place, most companies also are look-
ing to optimize their mobile workforce while meeting the
contractual service level agreement. To achieve this, an
automated scheduling capability needs to be provided
which is fully integrated with the job management sys-
tem, supply chain and elements of human resources such
and employee availability, skills, licenses etc.

e Interoperability with 3D design and project man-
agement tools. Companies involved in construction, en-
gineering and infrastructure projects should have an ERP
platform that has interfaces to CAD data and models to
automate information exchange. Likewise, subcontrac-
tors or owners/operators may use best of breed project
management software, so pre-built integration to those
tools is desirable within ERP to understand the timetables
and work breakdown structures of partners.

e Offsite Manufacturing. The industry is increasingly us-
ing offsite manufacturing facilities to build construction
modules such as hotel bedrooms. So if a construction
company is operating an offsite manufacturing division,
or wants to be in the position where it can easily start
operating such a facility, then it is critical that the soft-
ware solution can support an engineer-to-order or pro-
ject-based manufacturing capability. Whereas this busi-
ness requirement needs many of the functions that a tra-
ditional ERP solution offers, there is also usually a need
to support construction industry-specific requirements
such as Sales and Subcontract Management and Hire and
Rental. So a hybrid between an ERP solution and a con-
struction industry specialist solution is needed. Again, this
is something that is rarely found in generic ERP solutions
or specialist construction solutions.

Achieving an Integrated Whole

The above functions are critical capabilities for companies in-
volved in construction, engineering and infrastructure pro-
jects, but the trick is to get the processes to work in concert.
That comes from an integrated approach to applications.
Whereas a company could have a separate solution for CRM,
a separate solution for estimating, spreadsheets for project
cost control, and a standalone EAM system, there would al-
ways be an integration hurdle with that approach. Workflows
might hit a dead end, or documents might get lost in the
handoff between systems. That would not be the case with
an integrated applications platform that spans ERP, EAM, and
project management, and has integrated modules to handle
specific needs like equipment rental. IFS has spent decades
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adapting its modular solution suite for the construction, en-
gineering and infrastructure market, and is able to put ERP,
EAM, and project management under one roof, complete with
industry-specific functions such as equipment rental and sub-
contract management. So yes, an integrated ERP approach
is possible in construction today, without having to work
around the shortcomings of ERP systems geared to manufac-
turing industry processes.

With the AEC market back in growth mode, and optimism
levels for construction reaching levels not seen since the mid-
2000s, now is the time for industry participants to move to
an integrated foundation for enterprise, project, and asset
management. The quickening pace of growth, combined with
the rapid adoption of digital, model-based collaboration, is
simply going to require an integrated enterprise systems ap-
proach if companies want to maximize their opportunities.

(Engineering News-Record | ENR, April 4, 2019,
https://www.enr.com/articles/46608-driving-data-driven-
decisions?oly enc id=3348A1990723]J0W)
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Machine Learning for Global Forecasting of
Rainfall-Induced Landslides

Rainfall-induced landslides are the most common type
of landslide across the world. They are complex in na-
ture and forecasting them is therefore very challeng-
ing. In this project, we used machine learning to pre-
dict rainfall-induced landslides with a combination of
several controlling factors and rainfall data as the main
triggering factor.

Landslides are catastrophic geo-hazards that threaten urban-
isation worldwide. Population growth, in combination with the
construction of critical infrastructure such as roads and pipe-
lines, in landslide-prone areas increases the risk associated
with landslides. Of the multiple factors that trigger landslides,
rainfall is the most common: it has caused thousands of land-
slides in the past decade only, and some of the deadliest (an
example being the debris flow event in August 2017 in and
around Freetown in Sierra Leone, which caused 1141 fatali-
ties). Rainfall-induced landslides are normally triggered by
intense and/or prolonged precipitation and they take the
form of shallow slides and debris flows. Given the complex
nature of rainfall-induced landslides, a single source of data
such as rainfall or terrain features, or the geotechnical prop-
erties of slopes, will not be enough to forecast them. In order
to prevent or minimise the catastrophic consequences of
these events, it is therefore important to combine multiple
sources of data to forecast more accurately when and where
they will occur. The present study therefore set up a data-
driven framework for forecasting rainfall-induced landslides.
A database was created for nearly 11,000 landslides, includ-
ing the date and location of events across the world between
2007 and 2018, as well as the triggering and predisposing
factors that caused these landslides. The database was then
used to train supervised Machine Learning (ML) classification
algorithms. Binary classification methods such as logistic re-
gression were used to distinguish between landslides and

non-landslide cases. To train the ML model, we built eleven
sample sets (EO to E10) with different combinations of trig-
gering and controlling factors (model features).
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Landslide forecasting framework for this study

The sample sets were assigned to training (67%) and test
(33%) sets which were then used for the training and assess-
ment of the logistic regression model respectively. The accu-
racy of the logistic regression model was estimated with the
Receiver Operating Characteristic (ROC) curves and the as-
sociated Area Under Cut.

Short-term rain: Accumulated rain for the day prior to and the day of landslide

Lorg-term rain: Accumulated rain for days ranging from 10 days to 2 days befare landslide
Elevation relief: The difference between maximum and minimum elevation

Slope: Average slope of at the location of landslide

NDVI before landslide

Sand fraction, Silt fraction, Clay fraction and depth ro bedrock

Features used to train the machine learning algorithms
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Accuracy of logistic regression model for classifying land-
slides and non-landslides

The outcome of this study is being implemented in a Land-
slide Early Warning System (LEWS) as part of the Delft-FEWS
platform. The forecasting tool developed in this project can
be used for regional landslide forecasting after regional ad-
aptation.

Contact:

Faraz S. Tehrani, Faraz.Tehrani@deltares.nl, t +31 (0)6 4691
1742
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Giorgio Santinelli, Giorgio.Santinelli@deltares.nl, t +31 (0)6
1582 1809

Further reading:

Tehrani et al. (2019). “A framework for predicting rainfall-
induced landslides using machine learning”, Proceedings of
the XVII ECSMGE-2019 Geotechnical Engineering foundation
of the future, September 2019, Iceland.

(Detltares, R&D Highlights 2019, p. 16, https://media.del-
tares.nl/R&D highlights/edition2019/16)
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Landslide Risk Assessment for the Road Net-
work in Albania

Climate change puts many investments in the
transport infrastructure in Albania at risk. Extreme
weather events such as floods and landslides are ex-
pected to increase in frequency and intensity.

Sea level rise results in risk for coastal transport infra-
structure.

The main objective of this study was to help Albanian stake-
holders to prioritise future climate- and seismic-resilient in-
vestments in road assets. The objective was achieved by
making an assessment of the vulnerability of the national
road network in Albania to flooding, landslide and seismic
events, proposing mitigation measures and developing a
strategy to deal with climate uncertainties.

Roads are critically important for society. Roads that are un-
available or unreliable have a significant impact on economic
growth. At the same time, transport plays a crucial role in
building climate-resilient communities.

Albania ranks as the most threatened country in Europe from
multiple hazards. It is ranked number 39 in the list of coun-
tries with the highest World Risk Index based on exposure to
natural hazards, vulnerability, and coping and adaptation ca-
pacities. The country is prone to hydro-meteorological haz-
ards (such as floods, drought and heavy snowfalls) and geo-
logical hazards (earthquakes and landslides, for example).
Landslides are one of the most critical hazards. Deltares was
therefore asked to help the World Bank and Albanian stake-
holders with an assessment of, among other things, landslide
hazards and the risks affecting the country’s roads.

The analysis looked at nearly 1500 kilometres of roads and
the associated assets that make up the Albanian primary
road network. By combining the publicly available ELSUS
landslide susceptibility map for the European continent with
a local landslide database and local experience, the team was
able to estimate how often landslides occur in selected areas
with a comparable susceptibility. Moreover, we determined
the repair costs associated with a landslide. These results
were then combined with a traffic analysis to estimate the
economic damage due to roads not being available. The out-
come of this study was set out on a map that shows, for each

kilometre of the road network, the Annual Expected Damage
(AED) (in Euro/km) caused by landslide events.
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The project also included the analysis of fluvial flooding and
seismic events, followed by the production of similar maps.
Furthermore, suggestions were provided for an action plan,
including the cost-benefit ratios for possible solutions. The
results have been summarised in three reports and they will
be used by the Albanian Road Authority to prioritise current
and future resilient investments in road assets.

Contact:

Mario Martinelli, Mario.Martinelli@deltares.nl, t +31 (0)88
335 7210

Mike Woning, Mike.Woning@deltares.nl, t +31 (0)88 335
7357

(Detltares, R&D Highlights 2019, p. 49, https://media.del-
tares.nl/R&D highlights/edition2019/16)
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AIAKPIZEIZ EAAHNQN
FEQTEXNIKQN
MHXANIKQN

@itacus

for an urban underground future

Three champions of Underground Space rock at
international planning conference

L] 33
i

ITACUS co-chair Antonia Cornaro, together with Activity
Group 2 leader Chrysothemis Paraskevopoulou and UCL
Bartlett School of Planning student Asimina Paraskevo-
poulou, jointly presented their contribution on “Urban Un-
derground Space and Sustainability: an Integrated Approach
on the City of the Future” to a distinguished international au-
dience of planners, architects and built environment profes-
sionals at the "Changing Cities" International conference in
Chania, Greece. The paper was co-authored by ITACUS co-
chair Han Admiraal and presented the work of ITACUS and
Activity Group 2 on Urban Sustainability. The presentation
was well received and new contacts were made further en-
hancing and strengthening the ITACUS network.
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NEA ANO TIz
EAAHNIKEZ KAI
AIEONEIz
FEEQTEXNIKEZ ENQZEI2

ASSOCIATION
INTERMATIOMALE DES TUNNELS
ET DE L'ESPACE SOUTERRAIN

INTERMNATIONAL TUNNELLING
A I TE S AND UNDERGROUND SPACE
ASSOCIATION

New ITA President

During its 45th General Assembly in Naples (Italy), ITA
elected Mrs Jinxiu (Jenny) Yan from China as President for
the term 2019-2022.The new Executive Council for the period
2019-2022 includes: Abidemi Agwor, Nigeria, Mr. Hamdi Ay-
din, Turkey, Mr. Choi Hangseok, Korea, Mr. Jeyatharan Ku-
marasamy, Singapore, Mr. Andres Marulanda, Colombia, Mr.
Jamal Rostami, Iran, Mr. Gérard Seingre, Treasurer, Switzer-
land, Dr. Teik Aun Ooi, Malaysia, Corresponding member
WTC 2020, Mr. Soren Eskesen, Denmark, Corresponding
member WTC 2021 and Fermin Sanchez, Mexico, corre-
sponding member WTC 2022.

Indeed, the city of Cancun, Mexico has been chosen to host
the 48th General Assembly and WTC 2022.

Launching of Working Group 23

During the 45th General Assembly in Naples, the ITA ap-
proved the creation of a new working group called Shaft De-
sign and Construction.

16 individuals from 8 countries participated in the first Work-
ing Group 23 meeting, facilitated by Siamak Hashemi and Joe
Lux, Animateur and Vice-Animateur, respectively.

For this first year, the objectives of the new WG will be to:

e Establish the correct terminology and nomenclature for
shaft design and construction by providing suitable defi-
nitions for relevant items,

e Provide suitable classification for shafts based on their ge-
ometry / application / construction method for a more
uniform understanding of the design and construction im-
plications,

e C(Classify the shaft construction methods for soft ground
and rock and provide some general design guidelines,

e Create a database of shaft construction case histories,
look at the extreme conditions and challenging cases,

e Produce literature on shaft design and construction to
meet the needs and demands of the members,

e Offer short courses and workshops for design and con-
struction of shafts using the top experts in the world,

e Interact with other working groups to collaborate on is-
sues of common interest (i.e.conventional VS mechanized
systems with WG14 & 19, Health and Safety with WG-5,
maintenance with WG-6, Seismic with WG-9, etc.).

Latest ITA Working Groups and Committees'
publications

First part of the Open Session held on Tuesday 7 May 2019
in Naples during the WTC, was dedicated to the presentation
by their authors of the ITA publications below.

They are available on ITA website. Click on the following
links:

e WG2 - Guidelines for the Design of Segmental Tunnel Lin-
ings

e WG5S - Guide to ITA/BTS CAWG Report 10 for Clients and
others not familiar with high pressure compressed air
work

e WG14 / 15 - Handling, Treatment and Disposal of Tunnel
Spoil Materials

e ITAtech - Practical approach for controlling the blasting
vibration and optimizing advance in urban tunnelling

e ITAtech — Guidelines on rebuilds of machinery for mech-
anized tunneling excavation

>eAida 11
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e ITA COSUF - Current practice on cross-passage design to
support safety in rail and metro tunnels

e ITA - FIDIC - Conditions of Contract for Underground
Works (Emerald Book)
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NMPOZEXEI2>
FEQTEXNIKEZ
EKAHAQZEIZ

Ma TiIg NaAaIdTEPEG KATAXWPNTEIG NEPICTOTEPEG MANPOPOPIES
Mnopouv va avalntnBolv oTa nponyoUHeva TeUXN TOU «Me-
p10dIkoU» Kal OTIC NapaTIBEPEVEC I0TOTENIDEC.

International Workshop on Underground Oil/Gas Storage
(IWUOGS), August 18-20, Shenyang, China, http://deep-
mining.neu.edu.cn/IWUOGS2019

7th Asia-Pacific Conference on Unsaturated Soils, August
23~25, 2019, Nagoya, Japan, www.jiban.or.jp/e/activi-
ties/events/20190823-25-seventh-asia-pacific-conference-
on-unsaturated-soils

The 17th European Conference on Soil Mechanics and Ge-
otechnical Engineering, 1% - 6™ September 2019, Reykjavik
Iceland, www.ecsmge-2019.com

NORDIC GROUTING SYMPOSIUM 2019, September 2-3,
2019, Helsinki, Finland, https://www.ril.fi/en/events/nordic-
grouting-symposium-2019.html

4° MaveAAAvio ZuvEdpIo AVTIOEIOHIKNAG Mnxaviknig & TexVIKAG
Zeiogoloyiag, A6riva, 5 - 7 ZenTeufpiou 2019,
https://conv.eltam.org

SECED 2019 Conference Earthquake risk and engineering to-
wards a resilient world, 9-10 September 2019, Greenwich,
London, U.K., www.seced.org.uk/2019

15th International Benchmark Workshop on Numerical Anal-
ysis of Dams, 9th - 11th September 2019, Milano, Italy,
www.eko.polimi.it/index.php/icold-bw2019

3rd International Conference “Challenges in Geotechnical En-
gineering” CGE-2019, 10-09-2019 - 13-09-2019, Zielona
Gora, Poland, www.cgeconf.com

XVIII Technical Dam Control - International Conference Hy-
draulic Structures Monitoring and Safety, 10-13 September
2019, Warsaw, Poland, www.tkz.ibs.pw.edu.pl

International Symposium on SPH and other particle-based
continuum methods and their applications in geomechanics,
11-13 September 2019, Vienna, Austria, https://sph-vi-
enna.com

14th ISRM International Congress, 13-18 September 2019,
Iguassu Falls, Brazil, www.isrm2019.com

ISGHS 2019 International Symposium on Geotechnical as-
pects of Heritage Structures, September 16-18, 2019, IIT
Madras, Chennai, India, www.igschennai.in/ISGHS2019

12t Asian Regional Conference of IAEG, 23 ~ 27 September
2019, Jeju Island, Republic of Korea (South Korea),
www.iaegarcl2.org

1t MYGEC 1%t Mediterranean Young Geotechnical Engineers
Conference, Double Events - MYGEC & EYGEC, 23-24%" Sep-
tember, 2019, Bodrum, Mudla, Turkey,
http://mygec2019.or

27t EYGEC 27%" European Young Geotechnical Engineers
Conference, Double Events - MYGEC & EYGEC, 26-27%" Sep-
tember, 2019, Bodrum, Mugla, Turkey, http://eygec2019.org

3rd ICTITG International Conference on Information Technol-
ogy in Geo-Engineering, Sep. 29-02 Oct., 2019, Guimaraes,
Portugal, www.3rd-icitg2019.civil.uminho.pt

11% ICOLD European Club Symposium, 2 - 4 October 2019,
Chania Crete - Greece, www.eurcold2019.com

4° MaveAARvio Suvedplo AVTIOEIOWIKAG Mnxavikng kai Texvi-
KNG ZeiopoAoyiag 20 Xpovia Merd..., ABriva, 4-6 OkTwppiou,
2019, www.eltam.org

XVII African Regional Conference on Soil Mechanics and Ge-
otechnical Engineering 07-10 October 2019, Cape Town,
South Africa, www.arc2019.org

2019 AYGE 7' African Young Geotechnical Engineers Confer-
ence, 6 October 2019, Cape Town, South Africa,
www.arc2019.org/ayge-landing

HYDRO 2019 Concept to closure: practical steps, 14-16 Oc-
tober 2019, Porto, Portugal, www.hydropower-
dams.com/hydro-2019

XVI Asian Regional Conference on Soil Mechanics and Ge-
otechnical Engineering, 14 - 18 October 2019, Taipei, China,

www.l6arc.org

o3 O

DE\"EIQHNG RESILIENT C

: INTEGRATION
OF TUNNELLING
UNDERGROUND

SPACE USE

Developing Resilient Cities of the Future through the
Integration of Tunneling and Underground Space Use
15-17 October 2019, Nigeria
events@tunnellingnigeria.or

o3 O

11éme Edition des Journées Africaines de la
Géotechnique
21-24 Octobre 2019, Niamey, Niger
http://ctgaafrique.org/niamey-niger-ville-hote-de-
1ieme-edition-journees-africaines-de-geotechnique

Conformément aux résolutions prises lors de I’Assemblée Gé-
nérale du 24 octobre 2018 a Abidjan en Cote d'Ivoire, le Niger
abritera cette année la 11éme édition des Journées Africaines
de la Géotechnique (JAG 2019), co-organisée par la Comité
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Transnational de Géotechniciens d’Afrique (CTGA) et I’Asso-
ciation des Laboratoires du Batiment et des Travaux Publics
(ALBTP) sous le théeme : “"Géotechnique et efficience éco-
nomique des stratégies de développement en Afrique
inter-tropicale”.

Email: emk2cm@Yahoo.fr

3

4th Regional Symposium on Landslides in the Adriatic-Balkan
Region — ReSyLAB 2019 - 9th Scientific and Expert Confer-
ence GEO-EXPO 2019 23rd to 25th of October 2019, Sara-
jevo, Bosnia and Herzegovina, www.geotehnika.ba/Re-
SyLAB & GEO-EXPO 2019.html

8° MaveAAnvio Zuvédplo MewTexVIKAG Mnxavikng, 6 — 8 Nogp-
Bpiou 2019, ABrva, EAAGG, www.8hcge2019.gr

2019 GEOMEAST International Congress & Exhibition, 10 -14
November 2019, Cairo, Egypt, www.geomeast2019.0rg

The 8% International Symposium on Roller Compacted Con-
crete (RCC) Dams, Nov. 11t - 12% 2019, Kunming, China,
chincold-en@vip.126.com, http://www.chincold.org.cn

8th International Geotechnical Symposium, 13-15 November
2019, Istanbul, Turkey, www.geoteknik2019.org/en/

XVI Panamerican Conference on Soil Mechanics and Geotech-
nical Engineering, 18-22 November 2019, Cancun, Quintana
Roo, Mexico, http://panamerican2019mex-
ico.com/panamerican

International Symposium on Rock Mechanics and Engineering
for Sustainable Energy, 24-24 November 2019, Hanoi, Vi-
etnam, http://vietrocknet.org

GEOTEC HANOI 2019 The 4% International Conference on
Geotechnics for Sustainable Infrastructure Development, No-
vember 28 - 29, 2019, Hanoi, Vietnam, https://geotechn.vn

YSRM2019 - The 5th ISRM Young Scholars’ Symposium on
Rock Mechanics and REIF2019 - International Symposium on
Rock Engineering for Innovative Future - Future Initiative for
Rock Mechanics and Rock Engineering - Collaboration be-
tween Young and Skilled Researchers/Engineers - 1-4 De-
cember 2019, Okinawa, Japan, WwWWw.ec-
pro.co.jp/ysrm2019/index.html

ICGU 4% 2019 4™ International Conference on Ground Im-
provement and Ground Control (ICGI2019): Infrastructure
Development and Natural Hazards Mitigation, 1-3 December
2019, Luxor, Egypt, https://icgi2019-ets.org/page/p/Wel-
come-ICGI

ETS Conference and Exhibition 2019, 4-5 December 2019,
Luxor - Egypt, https://icgi2019-ets.or Welcome-
ETS

ISOG 2019 First Indian Symposium on Offshore Geotechnics,
December 5-6, 2019, IIT Bhubaneswar, Odisha, India,
https://sites.google.com/iitbbs.ac.in/isog2019/home

15th International Conference on Geotechnical Engineering,
and 9th Asian Young Geotechnical Engineers Conference, 05
+ 07-12-2019, Lahore, Pakistan, http://www.pges-pak.org

GeoSS International Conference on Case Histories & Soil

Properties, 5-6 December 2019, Singapore,
www.iccs2019.org
O3
A— POLITECNIGO
DI TORIND

Departmant
of Environment, Land and
Infiastictare Eiginesing

ITA-CET

Commiries i Edication s Trainig

5-6

DECEMBER 2019

POLITECNICO DI TORINO
{
20+ 2%,

15t Annual Meeting of European

Tunnelling Professors and PhD Students

1st ITA-CET Meeting for European Tunnelling
Professors and PhD Students
ita-cet.secretariat@developpement-durable.gouv.fr

The ITA-Committee on Education and Training (ITA-CET)
university network currently comprises 28 higher education
establishments from 20 different countries around the world.
This network was set up in 2009 in order to act as an ex-
change platform for universities offering Master’s degrees in
tunnelling and underground space. Its main aims are to
enable professors to:

e share ideas on teaching methods and the content of Mas-
ter’s

e develop collaborations on specific research activities
e organise exchanges between lecturers and students

e envisage ITA endorsement of high quality Master’s pro-
grammes

Over the years, whilst the number of network members has
steadily increased, the global scale of this network means
that meetings and regular exchanges have proved somewhat
difficult to implement. Efforts have been made to facilitate
cooperation, such as the setting up of an ITA-CET university
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network group on Linkedin, but have not met with the suc-
cess that was anticipated.

From a practical point of view, it would appear easier to or-
ganise meetings on a regional scale, within the scope of a
specific event that would enable universities to promote their
courses and the work conducted by their students. For this
reason, ITA-CET has decided to organise its first annual
meeting of European tunnelling professors and PhD students.
This event will be hosted by the Politecnico di Torino in Italy
on 5™ and 6™ December 2019.

On the 5™ December, tunnelling professors from European
universities are invited to meet, present their courses and
reflect on possible avenues of collaboration with their coun-
terparts. Non-European professors are also welcome to at-
tend if they wish to do so and are able to bear travel and
accommodation costs. Social events will be organised in the
evening for both the professors and students.

On 6 December, a limited number of students (10 to 12)
will be invited to present their PhD thesis to all those present.
Universities from Austria, Greece, Switzerland, Italy and the
UK have already expressed their interest in this ITA-CET
event and it is expected that several more will attend.

It is hoped that this meeting will spark the organisation of
similar events for universities in other regions around the
globe and thereby strengthen the ITA-CET university net-
work.

For more information, please contact the Committee secre-
tariat: ita-cet.secretariat@developpement-durable.gouv.fr

o3 D

ISSPDS-Edinburgh 2020 2nd International Symposium on
Seismic Performance and Design of Slopes, January 18-22,
2020, Edinburgh, UK, www.isspds.eng.ed.ac.uk

GeoAmericas2020 4™ Pan American Conference on Geosyn-
thetics, 26-29 April 2020, Rio de Janeiro, Brazil, www.geo-
americas2020.com

WTC 2020 ITA-AITES World Tunnel Conference, 15-21 May
2020, Kuala Lumpur, Malaysia, www.wtc2020.my

14th Baltic Sea Geotechnical Conference 2020 Future Chal-
lenges for Geotechnical Engineering, 25 + 27 May 2020, Hel-
sinki, Finland, www.ril.fi/en/events/bsgc-2020.html

Nordic Geotechnical Meeting Urban Geotechnics, 25-27 May
2020, Helsinki, Finland, www.ril.fi/en/events/ngm-2020.html

EUROCK 2020 Hard Rock Excavation and Support, 13-19
June 2020, Trondheim, Norway, www.eurock2020.com

DFI Deep Mixing 2020, 15 to 17 June 2020, TBD, Gdansk,
Poland, www.dfi.org/DM2020

XIII International Symposium on Landslides - Landslides and
Sustainable Development, June 15% - 19t 2020, Cartagena,
Colombia, www.scg.org.co/xiii-isl

GEE2020 International Conference on Geotechnical Engi-
neering Education 2020, June 24-25, 2020, Athens, Greece,
Www.erasmus.gr/microsites/1168

E-UNSAT 2020 4th European Conference on Unsaturated
Soils - Unsaturated Horizons, 24-06-2020 + 26-06-2020, Lis-
bon, Portugal, https://eunsat2020.tecnico.ulisboa.pt

(C2 4R -0

Geotechnical Aspects of
Underground Construction in Soft Ground
29 June to 01 July 2020, Cambridge, United Kingdom

Organiser: University of Cambridge

Contact person: Dr Mohammed Elshafie

Address: Laing O'Rourke Centre, Department of Engineering,
Cambridge University

Phone: +44(0) 1223 332780

Email: me254@cam.ac.uk

O3 D

TORINO 2020

arenoble - milano

16th International Conference of the Interna-
tional Association for Computer Methods and
Advances in Geomechanics - IACMAG
29-06-2020 = 03-07-2020, Torino, Italy

The 16th International Conference of the International Asso-
ciation for Computer Methods and Advances in Geomechanics
(15IACMAG) will be held in Turin, Italy, 29 June - 4 July 2020.
The aim of the conference is to give an up-to-date picture of
the broad research field of computational geomechanics.
Contributions from experts around the world will cover a wide
range of research topics in geomechanics.

Pre-conference courses will also be held in Milan and Greno-
ble.

Contact Information

Contact person: Symposium srl

Address: via Gozzano 14

Phone: +390119211467

Email: info@symposium.it, marco.barla@polito.it

(C2 4R -0

ISFOH 2020 4th International Symposium on Frontiers in Off-
shore Geotechnics, 16 - 19 August 2020, Austin, United
States, www.isfog2020.0rg

2020 CHICAGO International Conference on Transportation
Geotechnics, August 30 - September 2, 2020, Chicago, Illi-
nois, USA, http://conferences.illinois.edu/ICTG2020
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EUROGEO WARSAW 2020 7" European Geosynthetics Con-

gress, 6-9 September 2020, Warsaw, Poland, www.euro-

geo7.org

(C-fR-0)

37th General Assembly
of the European Seismological Commission
6 to 11 September 2020, Corfu, Greece
www.esc-web.org

o3 O

6th International Conference on Geotechnical and Geophysi-
cal Site Characterization “Toward synergy at site characteri-
sation”, 7 + 11 September, Budapest, Hungary, www.isc6-
budapest.com

ICEGT-2020 2nd International Conference on Energy Ge-
otechnics, September 20-23, 2020, La Jolla, California, USA,
https://icegt-2020.eng.ucsd.edu/home

(C-fR-0)

dam world

21-25th September 2020, Lisbon, Portugal

The Organising Committee of the Fourth International
DAM WORLD Conference has the pleasure of inviting you
to take part of the fourth edition of the DAM WORLD con-
ference.

By now, we would like to ask you to SAVE THE DATE in your
calendar: LISBON, Portugal, 21-25th September 2020.

Eliane Portela

COMITE ORGANIZADOR
LNEC - LISBOA - PORTUGAL - 21 a 25 de setembro de 2020
damworld@inec.pt dw2020.Inec.pt

o3 O

3rd International Symposium on Coupled
Phenomena in Environmental Geotechnics
October 29th - 30th, 2020, Kyoto, Japan
https://cpeqg2020.0r

CPEG2020 is organized under the auspices of the Technical
Committee TC215 (Environmental Geotechnics) of ISSMGE,
and follows the very successful first two CPEG symposiums
held in Torino (Italy) in 2013, and in Leeds (UK) in 2017.

CPEG2020 will be hosted in conjunction with the Japanese
Geotechnical Society (JGS) and Kyoto University, and it will
be followed by the ‘Fifth World Landslide Forum’ from No-
vember 2nd, making this a great opportunity to join both
ISSMGE events in the Ancient Capital of Japan.

As we polish the details of the symposium, we will update the
CPEG2020 website with further information, including key-
note speakers, detailed symposium themes, and key dates.
Please, keep the address of this site (www.cpeg2020.0rg)
among your bookmarks for updated information.

O3 D

5™ World Landslide Forum Implementation and Monitoring
the USDR-ICL Sendai Partnerships 2015-2015, 2-6 Novem-
ber 2020, Kyoto, Japan, http://wlf5.iplhg.org

O3 D

GeoAsia 2021

7th Asian Regional Conference on Geosynthetics
March 1-4, 2021, Taipei, Taiwan

o3

EUROCK 2021
the ISRM European Rock Mechanics Symposium
1-6 June 2021, Torino, Italy

o3 O
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LATAM 2021
IX Latin American Rock Mechanics Symposium
20-22 September 2021, Asuncion, Paraguay

Contact Person: Jose Pavon Mendoza

Address: Espana 959 casi Washington

Telephone: +595 971 909165

E-mail: jose.pavonm@gmail.com
i

3™ European Conference on Earthquake Engineering & Seis-
mology, 19 - 24 June 2022, Bucharest, Romania,
https://3ecees.ro

o3 O

The 8% International GConference on
Unsaturated Soils, Miles Island, Gresce

UNSAT2022
8th International Conference on Unsaturated

Soils
June or September 2022, Milos island, Greece
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ENAIAGEPONTA
FEEQTEXNIKA NEA

Katappeuon KTipiov Adyw karoAiodnong

Tnv Tpitn, 2 Iouliou 2019 ekdnAwBnke oTnv noAn Aizawl,
npwTelouca Tou IvdikoU kpaTidiou Mizoram, avaTtoAikd Tou
Bangladesh, katoAioBnon €€ aitiag Twv €vTovwv BpoxonTw-
OEWV.
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AnoTéAeopa TnG kaToAiobnong nTav o BdvaTtog 3 avBpwnwyv
Kal 0 TPAUMATIONOG apKETWV AAAWV Kal N HEPIKN KATAPPEUDN
NEVTE TETPAWPOPWV KTIPIWV, EK TWV ONOoiwV Ta Tpia AOyw «a-
nwAgla» Tou Iooyeiou. Ta KTipla kaTtaokeudoTnkav 1o 2009
META ano diapoppwaon avaBabwv ornv naiyid Bouvou. MNepio-
goTEpPa oTo blog:
https://Abukiefa.wordpress.com
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Slide; Translational

(n oxXeTikA nAnpogopia ano Tov cuvadeAo Mavvn Meta&a,
https://abukiefa.wordpress.com/2019/07/)

O3 D

Catastrophic dam failure in India: Officials
blame crabs

Located in Ratnagiri district of the Indian Maharashtra state,
Tiware dam was suddenly ruptured flooding seven down-
stream villages.

The incident occurred on Tuesday, July 4, 2019 and was fol-
lowed by a heavy storm that struck the region. The devas-
tating floods claimed the lives of at least 18 people and de-
stroyed local infrastructure.

An amazing fact is that Tanaji Sawant, the state's Legisla-

tor and Water Conservation Minister declared that the dam
was ruptured due to a large aggregation of crabs that weak-
ened the structure's wall. “The wall was weakened by a large
number crabs and after it was pointed out to the government
officials, some remedial measures were taken up. The SIT
(Special Investigation Team) appointed by Chief Minister
Devendra Fadnavis will come up with its findings soon and
we will come to know what exactly went wrong,” he stated
when asked if the dam had structural flaws.

Tiware dam collapse

According to Minister Sawant, the dam was operational for
15 years (constructed in 2004) and was storing water con-
sistently without experiencing any damage.

Nevertheless, political opponents of the minister did not ac-
cept this bizarre excuse and accused him of concealing delin-
quency issues by local authorities. “You want to save a big,
corrupt shark and blaming poor crabs? This cannot be toler-
ated. There must be an inquiry and he must be pun-
ished,” Nawab Malik, national spokesperson of the National-
ist Congress Party (NCP), said.

The state of Maharashtra holds about 35% of Indian's 5,202
dams and experiences intense torrential rains that lead to
stability issues. However, the state takes safer dam
measures in comparison with the rest states of India. Accord-
ing to Maharashtra officials, all dams are consistently in-
spected annually before the monsoon period.

(Geoengineer, July 4, 2019, https://www.geoengi-
neer.org/news/catastrophic-dam-failure-in-india-officials-
blame-crabs)
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Massive Rock slide triggered in Monsoon. An
excellent example of rock joints failure.

https://twitter.com/jojaaamir/sta-
tus/1155718957363367937?s=07

(ano6 Tov OpdTIMO KABnyNnTr EMM MixaAn ZakeAAapiou)
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ENAIAG®EPONTA -
2EI2MOI

An Even Larger Quake Just Rocked Southern
California. Experts Say the Fault System Is
Growing.

Late Friday (July 5), a magnitude-7.1 quake struck near the
town of Ridgecrest, California, just a day after the same re-
gion experienced a magnitude-6.4 quake. Experts say the
fault system is growing and even more quakes are likely in
the coming days.

Another, even more powerful earthquake rocked Southern
California on Friday (July 5). The temblor, which struck not
far from the town of Ridgecrest in the Mojave Desert, regis-
tered as a magnitude 7.1, which is larger than the one that
rocked the same general region on Thursday (July 4), accord-
ing to the U.S. Geological Survey. That quake, a magnitude
6.4, was the largest to strike Southern California in 20 years,
and was felt as far as Los Angeles.

Today's monster quake caused injuries, fires and rockslides,
and left more than 3,000 people without power. Shaking was
felt as far away San Jose, about 260 miles (418 kilometers)
from Ridgecrest, the Los Angeles Times reported.

Since the magnitude-6.4 quake on Thursday, more than
1,000 aftershocks have struck the area, CBS News reported.
So Friday's powerful ground-shaking was not a complete sur-
prise.

In fact, seismologists warned earlier Friday that additional
quakes were likely in the next week, and said there was a
9% chance of a quake larger than Thursday's temblor striking
the area, Live Science reported. Seismologists now think that
the fault system responsible for the quakes is growing, and
residents of Ridgecrest and the nearby desert town of Trona
can't breathe easy just yet. Aftershocks to this quake, which
is now considered a "foreshock," are very likely, experts said.

"There's a 5% chance that this could be followed by an even
larger quake," USGS seismologist Robert Graves said at a
news conference on Friday, as reported by the LA Times.

(Tia Ghose, Associate Editor / LIVESCIENCE, July 6, 2019,
https://www.livescience.com/65883-bigger-quake-strikes-
southern-california.html?utm source=Is-newslet-
ter&utm medium=email&utm campaign=20190706-Is)

The science behind California’s two big earth-
quakes

Firefighters battle an electrical fire in a mobile home park in
Ridgecrest, California, on July 6, 2019 following the magni-
tude 7.1 earthquake that struck the day before. No fatalities
or serious injuries have been reported from this temblor,
the largest in Southern California in more than two decades.

The pair of powerful temblors that shook the United States’
West Coast promise fresh clues about the region’s complex

geology.

On the morning of July 4, a magnitude 6.4 rocked Southern
California, fracturing roads and sending people fleeing to
safety. But that wasn’t all the Earth had in store: Less than a
day and a half later, a powerful magnitude 7.1 temblor shook
the region.

While earthquakes are not unexpected, the two most recent
temblors are the largest that have struck this area in dec-
ades. And they promise to yield fresh clues about its complex
geology.

The duo of quakes struck in what's known as the Eastern Cal-
ifornia shear zone—an area east of the infamous San Andreas
fault, where the Pacific Plate grinds against the North Amer-
ican Plate, creeping northwest at roughly two inches each
year. The area extends from the southern Mojave Desert, up
the eastern side of the Sierra Nevada, and into western Ne-
vada. It's crisscrossed by fractures in the Earth caused by the
movement along the nearby tectonic plate boundary.

“The Eastern California shear zone is a really interesting
area,” says Wendy Bohon, an earthquake geologist at the In-
corporated Research Institutions for Seismology (IRIS). “How
is it working? How is it accommodating plate motion? What
are going to be the big structures that come out of this mil-
lions of years down the road?”

What happened?

The recent events are what's known as strike-slip earth-
quakes, which occur when two blocks of Earth shift side-by-
side, grinding past each other. They seemed to have occurred
along the same set of faults, located in an area known as the
Little Lake fault zone.

While no deaths or major injuries have yet been reported,
the intensity of the ground movement was quite strong—
enough to send goods flying off store shelves and buildings
swaying. The shaking was also widespread, with reports of
light ground movements as far as Chico, California, and
Phoenix, Arizona.

Of particular interest in these quakes is that at least the first
temblor seemed to have simultaneously broken two sections
of faults that cut across each other at nearly a right angle.
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While such complex quakes are not unheard of, recent re-
search suggests that they may be more common than once
believed, explains Zachary Ross, a geophysicist at the Cali-
fornia Institute of Technology.

“Historically, the thought has been that earthquakes occurred
on individual faults,” he says. “And then over time, as the
data has gotten better and better, we've started to realize
that there’s potential for multiple faults to rupture for single
events.”

This shift in thinking was propelled by the magnitude 7.3
earthquake that shook Landers, California, in 1992. This tem-
blor fractured along at least five fault segments. Subsequent
earthquakes have revealed similar complex breakage, includ-
ing the magnitude 7.2 earthquake in 2010 in Baja California,
Ross notes. This latest quake is further evidence that this
complexity is common, even for smaller magnitude events.

Why did two big earthquakes strike?

In most circumstances, big earthquakes strike in a familiar
sequence: There’s a large earthquake followed by a series of
smaller events. That's because the movement that occurs
during a large earthquake causes increased strain in the sur-
rounding region. Earthquakes are the Earth’s way of relieving
this strain.

But in some circumstances, such as the recent pair of earth-
quakes in California, a relatively large temblor might just be
the forerunner for even bigger event. While the difference
between 7.1 and 6.4 may seem minor, magnitude is a loga-
rithmic scale. An increase of a unit of magnitude is about 32
times more energy, which means that the second earthquake
released roughly 11 times the energy of the first temblor.

Scientists think of this series of earthquakes as the foreshock,
the mainshock or strongest event, and then the aftershocks,
explains Susan Hough, a seismologist with the U.S. Geologi-
cal Survey.

“But it's way too simplistic,” she notes.

Every earthquake causes a shift in the landscape, redistrib-
uting the strain in the crust, which means all earthquakes
could trigger other earthquakes. “Whether or not an earth-
quake itself is an aftershock,” she says, “you can think of it
as a potential [earthquake] parent.”

The likelihood that a big earthquake will trigger a larger event
is roughly one in 20, according to Hough. That's definitely a
low risk. “But that one in 20 isn’t zero,” she says.

Scientists, however, are still untangling the connection be-
tween the recent events. The magnitude 7.1 temblor seemed
to break along the the northwest-southeast limb of the pair
of faults that ruptured earlier, Hough notes, extending farther
than the first quake in both directions.

“Major scientific questions: Did part of the fault break and
then break again? How did breaks compare in detail?” she
writes on Twitter. Finding the answers to these questions
could have important implications for understanding the haz-
ards of these events.

“This appears to be the clearest case I've seen that that did
indeed happen,” she says of the same fault rupturing more
than once in a short time period. “"But much work is needed
to sort out the details.”

What's going to happen next?
So far, many more than a thousand aftershocks have rippled

through the region. While the frequency and intensity of sub-
sequent temblors will wane, Southern California likely has

more shaking in store. "A magnitude 7 is going to produce
activity for years,” Ross says.

The USGS estimates that over the course of the next week,
between 240 and 410 earthquakes of magnitude 3 or higher
will likely ripple through the region. These are events just
large enough to feel if you are positioned close to their epi-
center. As for larger earthquakes, the probability becomes
increasingly small, but not out of the question.

The USGS estimates that there’s a 24 percent chance that as
many as two earthquakes magnitude 6 or larger could strike
in the next week. But as scientists continue to analyze these
events, they may adjust those numbers.

Such a strong series of aftershocks is not unexpected. “Earth-
quakes out in the Mojave Desert traditionally have these big-
ger, robust aftershocks sequence,” Bohon says.

She cautions, however, that all of these probabilities are fore-
casts and not predictions. No one, despite what some claim,
can predict future earthquakes. She likens the difference to
weather forecasts, which are an estimate of the probability
that something might happen.

“You would never predict the weather,” she says. “You can't
predict with 100 percent certainty that it [will be] raining un-
less it’s raining. And earthquakes are very similar.™

Bohon emphasizes that it's normal to be scared during an
earthquake, which can rock the ground like a boat in rough
water. But as aftershocks ricochet through Southern Califor-
nia, she suggests people who live in earthquake-prone re-
gions check how prepared they are for the next event.

“This was a good scenario earthquake,” says Bohon. "It was
in a fairly unpopulated area, but a lot of people felt it.” Bohon
hopes that means those who experienced it are getting ready
for the next one.

“It's okay to be scared,” she says, “but we also have to be
prepared.”

(Maya Wei-Haas / National Geographic, July 6, 2019,
https://www.nationalgeographic.com/science/2019/07/sci-
ence-behind-californias-two-big-earthquakes)

Massive crack from 7.1 California quake viewed
from Satellites

California earthquake created a massive crack in the Earth
visible in satellite images..The large crack extends some dis-
tance from an area that apparently held water before. The
erosion patterns on the desert sand indicate that some of that
water was sucked out

https://youtu.be/6ULKGWXWVWk?t=17

TheEarthMaster, 8 July 2019

Could Massive SoCal Earthquakes Trigger the
'Big One' on the San Andreas Fault?

Twin quakes — the biggest to hit Southern California in dec-
ades — rattled a parched stretch of the Mojave Desert on
Thursday (July 4) and Friday (July 5), sending seismic waves
rippling through Earth that could be felt from Los Angeles to
San Jose.

Thankfully, no deaths were reported, partly because the two
quakes hit a sparsely populated region of the Golden State.
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The ruptured faults were not part of the San Andreas
Fault system, which snakes 800 miles (1,287 kilometers)
from north to south along the coastline, where the North
American and Pacific plates meet.

The San Andreas fault system is more than 800 miles
(1,300 kilometers) long, and as deep as 10 miles (16 km) in
some spots.

But is there a chance that these quakes could somehow
transfer stress to the San Andreas Fault, potentially trigger-
ing the much feared "Big One" in one of the state's most pop-
ulous cities?

It is theoretically possible, though there's no known link be-
tween the two fault systems, geophysicists say. And because
there's still so much to learn about the complicated fault sys-
tem that ruptured, it's difficult to say whether the San An-
dreas Fault took on additional stress from the recent quakes,
they say.

Hidden faults

The magnitude-7.1 quake on July 5 ruptured a known portion
of the Little Lake Fault zone, while the magnitude-6.4 quake
that hit the prior day ruptured a previously unmapped region
of the fault zone, Glenn Biasi, a geophysicist with the USGS
in Pasadena, California, told Live Science in an email. If you
look at a map of faults, you'd see that the Little Lake Fault
zone and the San Andreas Fault zone are not very close to-
gether.

"We do not know of a definite relationship of these earth-
quakes to the San Andreas," Biasi said.

That said, geologists are still learning a lot about the Little
Lake Fault zone.

Many of the individual faults in this zone are active, "and be-
cause they are buried, we probably do not know them all.
This area does not fit the textbook picture of sides of a plate
sliding past one another," Biasi said.

Because these faults are so complicated and we know rela-
tively little about them, it's hard to say how they will interact
with the San Andreas. It is possible that the recent quakes
added stress to the San Andreas Fault, though "we don't have
a good way to assess the likelihood," said Michele Cooke, a
geoscientist at the University of Massachusetts - Amherst.

"The San Andreas hasn't slipped in a long while. If the fault
is loaded to the point where it is just about ready to slip, then
it is possible that the recent earthquake could add just
enough shear stress to the San Andreas to cause it to slip.
Alternatively, the slip of these recent earthquakes could un-
clamp the San Andreas fault, making it easier to slip," Cooke
told Live Science in an email.

Migrating stress?

Another intriguing possibility is that there's a bigger shakeup
underground that these recent earthquakes are unmasking.

Some of the movement on the San Andreas Fault is migrating
east, crossing the Mojave Desert and heading up the
eastearn side of the Sierra Nevada mountain range, Biasi
said.

Three big ruptures, including one in 1992, 1999 and the re-
cent Ridgecrest quakes all seem to be aligned, and are part
of what's known as the Eastern California Shear Zone
(ECSZ), Cooke said. By contrast, the southern portion of the
San Andreas Fault hasn't had a major rupture in 150 years,
she said.

"Some suggest that we are seeing a migration of the active
plate boundary away from the San Andreas Fault," Cooke
said. "I'm not yet convinced of this, but I do think that this
recent (geologically speaking) cluster of earthquakes in the
ECSZ is very interesting."

(Tia Ghose and Jeanna Bryner / LIVESCIENCE, July 8, 2019,
https://www.livescience.com/65886-could-socal-earth-
guakes-hit-san-andreas-fault.html?utm_ source=notifica-
tion)

2 SoCal Earthquakes Warped the Ground for
Miles. And It's Visible from Space.

NASA experts used satellite data to map the ground dis-
placement caused by the two major earthquakes that struck
Southern California on July 4 and 5, 2019.

Two recent Southern California earthquakes warped the
ground across dozens of square miles — and the changes are
visible even from space.

A Japanese satellite picked up damage from the July 4 and 5
earthquakes that had magnitudes of 6.4 and 7.1, respec-
tively. Quakes of these magnitudes are strong enough to
cause moderate to severe damage to buildings.

The July 5 earthquake was the strongest to hit the Ridgecrest
region (150 miles, or 241 kilometers, northeast of Los Ange-
les) in 40 years, according to the U.S. Geological Survey. The
surface displacement caused by this temblor and its prede-
cessor is clear in new images from Japan's Advanced Land
Observing Satellite (ALOS-2) satellite.
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That satellite gathers data using a technique called synthetic
aperture radar, which produces detailed measurements of
the height of Earth's surface. Scientists at NASA's Jet Propul-
sion Laboratory (JPL), which is also located in Southern Cali-
fornia, created a map based on the data.

Each color band represents 4.8 inches (12 centimeters) of
ground displacement within the radar instrument's line of
sight, JPL said in a statement. The most "noisy" areas, which
appear the most muddled in the image, are likely where the
ground was broken up by the earthquake. In the southeast
corner of the image, linear features appear to slice through
colored whirls and likely mark where the surface was sliced
open by the quakes.

The USGS and the California Geological Survey, as well as
other scientists, will use the map to assess damage and map
the new faults. The region has also experienced 1,000 after-
shocks that opened up a few cracks.

Scientists are working closely with NASA's Earth Science Dis-
asters Program (as well as many other partners that include
the Federal Emergency Management Agency) to figure out
how best to respond to the earthquake, JPL added.

The pair of earthquakes caused devastating damage to
homes but no reported deaths or major injuries, according to
news agencies.

(Elizabeth Howell, Live Science Contributor / LIVESCIENCE,
July 10, 2019, https://www.livescience.com/65902-socal-
earthquakes-ground-warp-space.html?utm_source=Is-
newsletter&utm medium=email&utm cam-

paign=20190710-Is)

Steve Latham, a local resident, uses his leg to measure the
amount of offset in the desert floor caused by a magnitude-
7.1 earthquake, along California State Route 178 between
Ridgecrest and Trona, California, on June 6, 2019. Local
residents and out-of-town visitors flocked to the spot to see
the earthquake's geological effects on the earth's surface.
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Istanbul: Seafloor study proves earthquake risk
for the first time

GeoSEA sensors document tectonic strain build-up
below the Marmara Sea

Summary

Istanbul is located in close proximity to the North Anatolian
fault, a boundary between two major tectonic plates where
devastating earthquakes occur frequently. Using an autono-
mous measuring system on the seafloor, researchers have
now for the first time measured deformation underwater and
detected a considerable build-up of tectonic strain below the
Marmara Sea near Istanbul.

Collapsed houses, destroyed port facilities and thousands of
victims -- on 22 May 1766 an earthquake of approximately
7.5 magnitude units and a subsequent water surge triggered
a catastrophe in Istanbul. The origin of the quake was located
along the North Anatolian fault in the Sea of Marmara. It was
the last major earthquake to hit the metropolis on the Bos-
porus.

Researchers of the GEOMAR Helmholtz Centre for Ocean Re-
search Kiel (Germany), together with colleagues from France
and Turkey, have now been able to demonstrate for the first
time with direct measurements on the seafloor that consid-
erable tectonic strain has built up again on the North Anato-
lian fault below the Sea of Marmara. "It would be sufficient
to trigger another earthquake with magnitudes between 7.1
to 7.4," says geophysicist Dr. Dietrich Lange of GEOMAR. He
is the lead author of the study published today in the inter-
national journal Nature Communications.

The North Anatolian fault zone marks the boundary between
the Eurasian and Anatolian plates. "Strong earthquakes occur
when the fault zone becomes locked. Then tectonic strain ac-
cumulates, and the seismic energy is released in an earth-
quake," explains Dr. Lange. The last time this happened was
in 1999 at a section of the North Anatolian fault near Izmit,
about 90 kilometers east of Istanbul.

Tectonic strain build-up along fault zones on land has been
regularly monitored for years using GPS or land surveying
methods. This is not possible in seabed fault zones due to the
low penetration depth of the GPS satellite signals under wa-
ter. However, the section of the North Anatolian fault that
poses the considerable threat to the Istanbul metropolitan
region is located underwater in the Marmara Sea.

Up to now, it has only been possible to extrapolate, for ex-
ample using land observations, whether the plate boundaries
there are moving or locked. However, the methods could not
distinguish between a creeping movement and the complete
locking of the tectonic plates. The new GeoSEA system de-
veloped at GEOMAR measuring acoustic distances on the sea-
bed now enables scientists for the first time to directly meas-
ure crustal deformation with mm-precision. Over a period of
two and a half years, a total of ten measuring instruments
were installed at a water depth of 800 metres on both sides
of the fault. During this time, they carried out more than
650,000 distance measurements.

"In order to get measurements accurate within a few milli-
metres over several hundred of metres, very precise
knowledge of the speed of sound underwater is required.
Therefore, pressure and temperature fluctuations of the wa-
ter must also be measured very precisely over the entire pe-
riod," explains Prof. Dr. Heidrun Kopp, GeoSEA project man-
ager and co-author of the current study.

"Our measurements show that the fault zone in the Marmara
Sea is locked and therefore tectonic strain is building up. This
is the first direct proof of the strain build-up on the seabed
south of Istanbul," emphasizes Dr. Lange.

"If the accumulated strain is released during an earthquake,
the fault zone would move by more than four metres. This
corresponds to an earthquake with a magnitude between 7.1
and 7.4," adds Professor Kopp. Such an event would very
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probably have similar far-reaching consequences for nearby
Istanbul as the 1999 earthquake for Izmit with over 17,000
casualties.

(Helmholtz Centre for Ocean Research Kiel (GEOMAR), July
8, 2019, https://www.sciencedaily.com/re-
leases/2019/07/190708131157.htm)

Interseismic strain build-up on the submarine
North Anatolian Fault offshore Istanbul

Dietrich Lange, Heidrun Kopp, Jean-Yves Royer,
Pierre Henry, Ziyadin Cakir, Florian Petersen,
Pierre Sakic, Valerie Ballu, Jorg Bialas, Mehmet
Sinan Ozeren, Semih Ergintav & Louis Géli

Nature Communications volume 10, Article number: 3006
(2019)

Abstract

Using offshore geodetic observations, we show that a seg-
ment of the North Anatolian Fault in the central Sea of Mar-
mara is locked and therefore accumulating strain. The strain
accumulation along this fault segment was previously extrap-
olated from onshore observations or inferred from the ab-
sence of seismicity, but both methods could not distinguish
between fully locked or fully creeping fault behavior. A net-
work of acoustic transponders measured crustal deformation
with mm-precision on the seafloor for 2.5 years and did not
detect any significant fault displacement. Absence of defor-
mation together with sparse seismicity monitored by ocean
bottom seismometers indicates complete fault locking to at
least 3km depth and presumably into the crystalline base-
ment. The slip-deficit of at least 4 m since the last known
rupture in 1766 is equivalent to an earthquake of magnitude
7.1 to 7.4 in the Sea of Marmara offshore metropolitan Is-
tanbul.

Introduction

It is well known that Istanbul city and populations along the
coasts of the Sea of Marmara were previously severely af-
fected by earthquakes related to the submerged North Ana-
tolian Fault (NAF) in the Sea of Marmara. Some of the earth-
quakes were associated with seismically driven sea-waves
and six destructive run-ups are known from historical reports
for the last 20 centuries. For example, the 1766 earthquake,
suggested to have nucleated beneath the western Sea of
Marmara, resulted in very strong shaking in Istanbul (Mercalli
Intensity VII, very strong shaking) and seismically driven
sea-waves submerged the quays in Istanbul.

The Sea of Marmara, crossed by the NAF, is one of the re-
gions on the globe where the fragmentary knowledge on the
degree of fault locking poses a significant impediment for as-
sessing the seismic hazard in one of Europe’s most populated
regions, the Istanbul metropolitan area. Since 1939, destruc-
tive seismic events on the onshore portion of the NAF have
propagated westwards towards Istanbul (Fig. 1c). The most
recent events were the Mw 7.2 Dlizce and Mw 7.4 Izmit
earthquakes in 1999 (Fig. 1a) that caused 854 and ~18,000
casualties, respectively. Towards the Dardanelles in the west,
the Mw 7.4 Ganos earthquake ruptured the NAF in 1912. In
the Sea of Marmara, the NAF forms a well-known seismic gap
along a 150 km-long segment, inferred to have last ruptured
in 1766, whereas all the onshore segments of the NAF from
the province Erzincan in Eastern Anatolia to the Sea of Mar-
mara ruptured in the last 100 years. The degree of aseismic
deformation and hence the locking state of the marine fault
segments of the NAF cannot be well resolved using onshore

GPS stations alone. Owing to the lack of offshore observa-
tions, the uncertainty on fault slip rates on the order of
10 mm a! in the central part of the Sea of Marmara prevails.
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Overview and tectonic setting of the Sea of Marmara. a Tec-
tonic setting of the NAF (solid line) in the Marmara region
with local seismicity (orange dots) between 1999-2009%
and 2010-2012. The geodetic acoustic network is located in
the yellow box (top center) and the local ocean bottom seis-
mometer (OBS) stations (29/10/2014-25/04/2015 and
26/04/2015-13/04/2016) are indicated with triangles. Mi-
croseismicity based on the OBS (this study) in the area of
the geodetic network is shown with green circles. The red
star indicates the location of a recent Turkish-Japanese di-
rect path-ranging network in the western Sea of Marmara.
Fault traces of the NAF and GPS displacements relative to
stable Eurasia are shown with black arrows and lines. Ba-
thymetry from and topography from. Tekirdag basin (TB),
Central Basin (CeB), Kumburgaz Basin (KB), Central High
(CH) and Ginarcik Basin (CB). b Profile view of seismicity
north of 40.6°N, same symbols as in panel a. Sedimentary
basins are indicated with red arrows and the extent of the
Ganos 1912 and Izmit 1999 earthquakes are indicated with
black arrows. Creeping and locked segments of the NAF are
labelled. See text for discussion about locked fault beneath
the KB and the CB. c Large-scale tectonic setting of north-
western Turkey with rupture zones of major earthquakes
along the North Anatolian Fault (NAF)
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Travel Monday:
A Photo Trip to Ethiopia's Danakil Depression

In the Afar region of northern Ethiopia, lies a vast, tortured,
desert plain called the Danakil Depression. Danakil lies about
410 ft (125 m) below sea level, and is one of the hottest and
most inhospitable places on Earth— temperatures average 94
degrees Fahrenheit (34.5 Celsius) but have been recorded
above 122 Fahrenheit (50 Celsius). Numerous sulfur springs,
volcanoes, geysers, acidic pools, vast salt pans, and colorful
mineral-laden lakes dot the area, which formed above the
divergence of three tectonic plates. Volcanic activity heats
spring water, bringing sulfur and iron to the surface, leaving
behind yellow, green, and orange deposits. For centuries, lo-
cals have been trekking in with camel caravans to mine the
salt by hand, and in recent years, a few have been guiding
tourists into the alien-looking landscape.
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Location map of the Afar Triangle (the shaded area in the
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Topographic map showing the Afar Triangle, which corre-
lates to the shaded area in the location map shown above

Colorful features of one of several hot springs in the Danakil
Depression, in Ethiopia's Afar region, photographed on Feb-
ruary 26, 2016.

A long exposure image shot beside the crater of Erta Ale, an
active volcano in Danakil.

A colorful feature of one of Danakil's hot springs.
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Reddish waters of Lake Karum, or "Assale," fill a seasonally
dry shallow area after flooding, due to a recent storm in the
surrounding highlands, in the Danakil Desert.

The landscape of one of several hot springs in the Danakil
Depression, photographed on February 26, 2016.

A salt miner works in the heat as he digs out salt blocks by
hand in the Danakil Depression on January 22, 2017.

Deposits on a cone, forming around a small geyser, in one
of Danakil's hot springs.
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Salt Mountains of Dallol volcano in Ethiopia.
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Water sputters from the tip of a cone on a small geyser in
one of Danakil's hot springs.
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The area around Lake Dallol and its sulfur springs.
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A sulfur lake in the Danakil Depression on January 23,
2017.
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Lava formations in a secondary crater of Erta Ale, on Janu-
ary 21, 2014.
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Erta Ale, a continuously active basaltic shield volcano in the — —— - el e
Afar region of northeastern Ethiopia. Ethiopia's Danakil salt pan can be seen in this aerial view
near the Dallol volcano on November 29, 2004.

A tourist stands in front of the living lava lake in the crater
of Erta Ale in Ethiopia on February 27, 2016.
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Broad fungus-like mineral deposits in the Danakil Depres-
sion.

A camel caravan enters the salt mining area of the Danakil
Depression on March 28, 2017. Every morning, hundreds of
men converge on a dry lakebed in a remote corner of Ethio-
pia, where they cleave the ground open with hand axes to
extract salt, just as their fathers and grandfathers once did.
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A close-up of sulfur deposits in the Danakil Depression, pho-
tographed on January 23, 2017.

A salt-covered branch lies on a salt pan in the Danakil De-
pression on January 22, 2017.

An Ethiopian man walks past a sulfur spring in the Danakil
Depression on January 23, 2017.
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A camel caravan, carrying salt that was mined by hand, is
led across a salt plain in the Danakil Depression on January

22,2017, near Dallol, Ethiopia.

A salt flat is pictured in the Danakil Depression on January
23, 2017.
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A camel caravan carries slabs of salt away from the Danakil

Depression on April 22, 2013. The mineral is extracted and

shaped into slabs, then loaded onto the animals before be-

ing transported back across the desert so that it can be sold
around the country.

(Alan Taylor, Senior Editor / The Atlantic, Apr 16, 2018,
https://www.theatlantic.com/photo/2018/04/travel-mon-

day-a-photo-trip-to-ethiopias-danakil-depression/558128/)
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The World's Weirdest Geological Formations
Credit: Alexander van Driessche
Weird Geology

The remnants of a 2-billion-year-old nuclear reactor and a
cave of house-sized crystals might seem too strange to be
natural, but the world is apparently full of such bizarre natu-
ral phenomena. Here are 10 of the weirdest geological struc-
tures on the planet.

Cave of the Crystals, Mexico

The otherworldly crystals in the Cave of the Crystals in Mex-
ico can reach sizes larger than houses, by far the largest such
crystals known on the planet. They apparently grow at in-
credibly slow rates, gypsum formations that take as long as
a million years to reach more than two stories tall. Research-
ers speculate that microscopic pockets of liquid within these
giant crystals might hold microbes.

Eye of the Sahara, Mauritania

The Eye of the Sahara in Mauritania, also known as the Richat
Structure, resembles a bull's-eye 30 miles (50 kilometers)
wide. The mysterious formation is large enough for early
space missions to have used it as a landmark. Scientists think
it is the result of uplifted earth worn down over time by wind
and water, with different rates of erosion on the varying rock
types forming concentric ridges.

Sailing Stones of the Racetrack Playa in Death Valley,
California

The sailing stones of the Racetrack Playa in Death Valley
seem to strangely move on their own, leaving long trails be-
hind them in the cracked clay. NASA research suggests that
during the winter months, ice forms around the rocks, per-
haps allowing them to slip across the frozen surface of the
playa.
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Giant's Causeway, Northern Ireland

The Giant's Causeway in Northern Ireland consists of more
than 40,000 interlocking volcanic rock pillars, most of which
are hexagonal, although some have fewer or more sides.
Legend has it that the giant Finn McCool fashioned the Giant's
Causeway to walk across the sea to Scotland and face his
great rival Benandonner. Researchers say it was created by
lava traveling out of cracks in the earth 60 million years ago,
which cooled over time into a honeycomb pattern, with some
pillars standing as tall as 36 feet (12 meters).

Ice Towers of Mount Erebus, Antarctica

i

Antarctica's Mount Erebus, an active volcano that rises
12,448 feet (3,794 meters) above the Earth's surface, is
home to giant, hollow towers of ice. These form when fuma-
roles cracks in the Earth's crust that vent hot gas spew steam

into the open air, which is so cold in the Antarctic that it
freezes the steam in place, creating chimneys up to 30 feet
(10 m) tall.

The remnants of the Oklo natural nuclear reactor, Ga-
bon

Not all nuclear reactors on Earth are manmade some arise
naturally. The Oklo mine in the West African nation of Gabon
was once home to a natural nuclear reactor that apparently
spontaneously turned on 2 billion years ago, running on ura-
nium fuel. It seems to have lasted about 150,000 years with
an average power output of 100 kilowatts, radiating the en-
ergy equivalent of 100 megaton bombs over its lifetime.

Pamukkale, Turkey

it

Pamukkale, which means "cotton castle" in Turkish, is found
in the mountains of Turkey. It may resemble a glacier, but
the site is actually bathed in hot water. The mineral-rich wa-
ters of the area's hot springs have over time formed dazzling
white limestone terraces.
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The Eisriesenwelt ice cave, Austria

The Eisriesenwelt German for "world of the ice giants" is the
largest known ice cave in the world. The limestone cavern
stays cold enough year-round to freeze any water inside. This
leads to gigantic ice formations growing within.

The Tessellated Pavement of Eaglehawk Neck, Tasma-
nia

One might easily wonder if the unusual grid of the Tessellated
Pavement of Eaglehawk Neck, Tasmania, is completely un-
natural. Apparently, this rare geological feature formed when
the underlying siltstone cracked in blocks resembling tiles,
possibly between 60 million and 160 million years ago. When
seawater covers the platform, sand and wave action erodes
the rock. The surface of the stone can erode faster between
the rims of the tiles than on the rims themselves.

Fingal's Cave, Scotland

Fingal's Cave is a cathedral-like sea cave that stretches about
250 feet (75 meters) into the rock on the island of Staffa off
the west coast of Scotland, with a roof about 70 feet (20 m)
above the sea. It formed within lava flows that cooled to form
hexagonal columns. The cavern inspired Mendelssohn's Heb-
rides overture and attracted celebrity tourists of the Victorian
era such as Jules Verne, William Wordsworth, Alfred Lord
Tennyson and Queen Victoria herself.

(Charles Q. Choi, Live Science Contributor / LIVESCIENCE,
June 6, 2012, https://www.livescience.com/31471-weirdest-
geological-formations.html)
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H ayvworn Kpntn TV Qpapayyiov

H karappixnon oTIG OXIOHEG TOU Bouvou, avaHeoca OE
Xapouni&g Kal OKivoug, eival o KaAAUTEPOG TPONOG yia va
YV@PiICOUHE HiIa 0yn Tou vnoioU nou d&v §Epaye OTI U-
napxyei.

To gapayy! Tng Mavayiag eival oTevo Kal CUUNAayeg, Je Tov
MEYaAUTEPO KATappAakTn Tou va @Tavel T1a 15 p.

«Av pwWTNOEIG évav KpnTiko noU BpiokeTal o HeyaAUTEPOG Ka-
TappdakTng otnv EAAGda, 8a cou nei oTnVv ‘Edsooa. Aev E€pel
OTI BpiokeTal oTa Xavia, oto papayyi NEpdika, kal £xel VYOG
240 pétpa. And auto kataAapaivelg 0TI 0 PEoog KpnTikOG dev
yVwpilel TRV ohop@Ia nou undpxel dinAa oto oniTi Tou». O
Mavvng Mnpopolpdkng oiyoupa Tnv EEpel. EknaideuTng kai
npoedpocg Tou MaykprTiou OpiAou Alaoyxiong kal EEepelvnong
dapayyiwv (MOE®), pe guneipia 15 xpovwy 0TO canyoning,
£XElI OTO evePYNTIKO TOU nepi TIG 1.500 d1aoxioeig o€ 27 XWPEG
Tou KOOWoU. «H KpnATn éxel navw and 250 nefonopikd kai Te-
XVIKG @apdyyla. Epeic aoxoAoUpaoTe Kupiwg pe Tn deUTepn
katnyopia, dnAadn pe Ta @apdyyia nou xpeialovralr oxoivia
kal eEonAioud, Ta onoia unoAoyiloupe oTI gival 90. Ta onua-
VTIKOTEPA, OHOPPOTEPA KAl HE TO HEYAAUTEPO TOUPIOTIKO EV-
dlapépov BpiokovTal oTov Vouo AaaiBiou kal aTo voTio Hpa-
kAglo. ZTa AaoiBinTika ‘Opn, anod Tn voTia Pepid Tou Opone-
diou AaciBiou, To onoio gival kal 0 HEYAAUTEPOG TPOPOJIOTNG
vepoU yia Ta ¢papdayyia nou Hag evaiagEpouv».

MNa Tov péoo avBpwno nou dev €xel aoxoAnBei noTe otn {wn
TOU e TO Onop, TI €ival To canyoning; «To canyoning gival To
népacpa evog gpapayylou nou €xel vepd. Tnv Kpntn dev é-
XOUME OAN TN Xpovid —oUTe OAEG TIG XPOVIEG— VEPO. ' auTod
ouvnBwg Ta gapdyyia givai kataAAnAa yia canyoning yia duo
TpeIG unveg, and Mevapn péxpl Maptn». Tig nep1ddoug nou Ta
@apayyia dev €xouv VvePO, ol iAol Tou aBARuaTog unopolv
va kavouv rappel (katappixnon) oe &epo nedio. 'Eva gapayyi
Hnopouv va To diacxioouv atopa kade nAikiag nou diatnpouv
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MIa OXETIKA KAAr QUOIKR Kataotaon. «Ano 8 £wg 65 €Twv.
Ziyoupa, B&€Baia, To canyoning anceuBUveTal og avBpwnoug u-
yI€ic Kal diaTeBeIHEVOUCG va ekTEBOUV O KAMolo UWoc».

To @apayy! TnG ApBng €xel uNKog 1,7 xAW. MepiAapBaver €va
OKOTEIVO KOPPATI 200 Y., TO onoio pnopeic va d1acyioelg
HOVO pE Ppako.

MapoTI Ta TeAeuTaia XpOvia O TOUPICHOG PUONG Kal NePInE-
TEIQG —OTOV OMO0i0 EVTACCETAl TO canyoning— anokta OAo Kal
peyaAUTepn annxnon, Osv £Xel akOua QTACEl OTO onuEio va
OUVEIOQPEPEI OUTIACTIKA OTNV aAAayr ToU TOUPIOTIKOU NMPOQiA
Tou vnaoiou. «Enikoupikd, vai, autol Tou TUMou ol dpaaTnplod-
TNTEG BonBoUv. 'OPWG, av OKEPTEIG OTI €pXovTal Kanola €ka-
ToupUpIa TOUupioTEG KABE XpoOvo oTnv KpATn, ol onoiol KAsivo-
vTal o €va &evodoxeio, Tpwve, mivouv, AlGfovTal Kal (eU-
YyOuV, TO MOCOCTO TWV AvBpWNWV Nou Yaxvouv Tnv evdoxwpa
Kdl NpayuaTika evalapEpovTal yia TETOIEG dpacTnpPIOTNTEG €i-
val noAU pikpo. Toug unoAoyilw oc 400 Tov XpOvo. Z€ 0XE0N
ME naAaioTepa, OPwG, nou dev evdlaPePOTAV KAVEIG, €ival on-
HavTikO».

AkouyovTag Tov [avvn va PIAJel yia Ta KpNTIKA papdyyia Kal
va neplypagel TIC EUNEIPIEC TOU O AUTA, KaTtaAaBaiveig oTi
avagepeTal o evav KOOHO Mou Jev €XEl KAMIA OXEQN ME TNV
KpATNn TwV napaAinyv nou Kata Kupio Aoyo EEpoupe. «TIC Npw-
TEG POPEG Nou avoi&a d31adpopeg Kal PNAka Peoa o€ kanoia
@apayyla, nUouv ot WEBN eni €vav unva», BupdTal. «HTtav
TOOO €EWNPAyUATIKO auTo nou €BAena». AEilel va ndpel kaveig
To Bappocg va To dokipdacel. MNa va del opunTIKOUG KaTappda-
KTEG, va KAVEel BOUTIEG OE NAYWHEVEG AiPVEG, va NEPNATROEl O
OXIONEG TOU Bouvol avapeoa o€ YnAd ToiX@UaTa Kai va aiw-
pnOei Pe Ta oxolIvia og KABeToug BPAaxoUC, EVw anod nNdvw Tou
Tpiyupilouv QiAonepiepyeg okapeg. «funeg, dnAadn. Toug ou-
vavTape NoAU ouxvd, €ival kata kanoiov TpOGNo ouvodoinopol
pag. Aev undapyel NepinTwaon va NnAnaiacouy, yiaTi goBouvTal.
‘'Odwg napakoAouBouvs».

O avBpwnog nou avaTpixiadel oTnv 19éa va KPePAoTei ano &-
vav Bpaxo, eV €kaTtd PETPA NAVW ano To KEPAAI TOU NEPIPE-
peTal éva Aypio NouAi Mou €nonTeUEl TIG KIVAOEIG TOU, €ival

auTog nou npénel va dokiudaaoel canyoning. MaTi av KATI pno-
pEiG va kepdioeic and auTod To anop, €ival To va avapeTpnOeic
ME Toug POBouUG gou. «[pENsl va NICTEWEIG OTOV £QUTO COU
Kal va neig “punopw”. Na Bpebeig povog, “oAdyupvog” kai -
KTEBEINEVOC KAl Va NpoaonabnosIC va NpoekTEivelg Ta Opid gou.
Na deig 0TI TEAIKA €ioal KATI N0 Yeyaio and auTo nou VOUIZEG.
STIG NEPICOOTEPEG NEPINTWOEIG €vag UYING AvOpwnog avTipe-
Twnifel To canyoning cav pia €veon auTonenoiénong, nou Ba
Tou dwoel wOnon va ndsl Tn Asutépa oTn OOUAEIA, va ako-
AouBnoel To npdypaupa kal Tn pouTiva Tou, XWPIiG va Tov
¢Beipel N kKABNUEPIVOTNTA TOU>.

INFO:

e lMNa va kdavere canyoning €niKOIVWVNOTE pE Tov [MOED
(canyon.gr), To Cretan Adventures (cretanadventures.gr) n
TO Cretan Outdoor Adventures (cretan-outdoor-
adventures.com).

e AvalnTroTe ota BIBAlonwAegia To BIBAio Tou lMavvn Mnpo-
Hoipdkn «Canyoning oTa @apdyyia Tng Kpntng» (Road,
2007), nou nepihapBavel 34 @apayyla. MExpl To TEAOG TNG
XPOVIAG avapeVETaAl va €ival €TOIPN Kal pia veéa €kdoon HE 65
(apayyia.

ME BAOMO AYZKOAIAZ

1. Navayia / HpakAeio

ZTeVO KAl CUPNAYEG Ppapayyl, HRKoug 1,2 XAY., HE XaPOUTIEG,
AUYIEG, Kunapioola kal okivoug. O PHeyaAUTEPOG KATAPPAKTNG
Tou eivar 15 p.

BaBuog duokoAiag: 2 orta 6.

Xpbvog kaTtaBaong: 2 wpeg.

Exkkivnon: K&tw and 1o xwpid KaAdau.

Tepuariopdg: =Tnv MNavayia KepaAipeviwTiooa.

To @apdayyi Tou Xa €ival To nio 1d1aitepo TG KpnTng, pe 27
KATappAakTeC Kal KabeTa Toixwpata Uwoug 400 y.
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2. BoAaxa / HpakAeio

Mo avoixTo eapdyyl and 1o nponyoUHEVO, HNKOUG 2,8 XAU.,
pe nelka kal eyaAUTEPOUC KaTAPPAKTEG.

BaBuog duokoAiag: 3 oTa 6.

Xpoévocg katapaong: 32 wpeG.

Ekkivnon: NoTia Tou xwpioU Kaneraviavd.

TepuaTiopdg: Stov oikiopd Ai-Mavvng.

3. NopTtéAa / HpakAeio

ZexwploTd Qpapayyl, 4nkoug 3,5 XAU., UE veEOoyevn aoBeaTo-
NIBIKa NETpWUATA, NOU €ival apkeTd paAaka, yi’ autd kai 1o
vepO Naipvel Yia EAa@p®G AEUKR anoxpwan.

Babuog duokoAiag: 4,5 oTa 6.

Xpovocg katapaong: 5-6 wpec.

Znueio ekkivnong: Xwpid Xovdpog.

TeppaTiopog: Xwpld Kaorpi.

4. Xa / Aaci6

MoAU 131aiTepo papayyi, HAKoug 1,6 XAH., HE dlauyEg vepd Kkal
27 kaTappdakTeg. Ta KABETA ToIXWHUATA Tou GTavouv Ta 400
M. Uwog. Eival oTevo, pe péyioTo nAdToG Ta 6-7 p. kKal EAAXIOTO
Ta 40 ek. Se nepinTwon avaykng dev pnopeic va Quyelc ano
kaveva onpeio TnG d1adpopng, aAAd npenel va OTACEIG £WG TO
TEAOG.

Babuog duokoAiag: 4,5 oTa 6.

Xpovocg katapaong: 4 wpeG.

Ekkivnon: Ano onpeio voTia TnG ©punTng.

TeppaTiopds: Xwpld MovaoTnpaki.

5. ApBn / HpakAeio

ZexwpioTd Qapdyyl, pikoug 1,7 XAU., HE €va OKOTEIVO KO-
MaTI 200 Y. To KeVO avapeoa oTa TOIXWUATA KAMOoIa OTIYHNA
KAgivel kal xpelaleodl Gakod yia va nepacelg. AUTo To Qpaivo-
pevo oupBaivel og nepinou 100 gapdayyia oe 6Ao Tov KOGHO
Kal n ApBn €ivai To NMio onUavTiko EAANVIKO Gapdayyl TETOIOU
TUnou.

BaBuodg duokoAiag: 5-5,5 ora 6.

Xpoévocg katapaong: 2% pe 3 wpeC.

Ekkivnon: NoTia Tou xwpioU Apipdg.

TepuaTiopds: Xwpid ApBn.

(EAeuBepia AAaBavou / H KAOHMEPINH, 10.07.2019,
https://www.kathimerini.gr/1033034/gallery/ta3idia/me-
aformh/afierwma-krhth-h-agnwsth-krhth-twn-faraggiwn)
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Earth's Core Has Been Leaking for 2.5 Billion
Years and Geologists Don't Know Why

Earth's scorching core is not a loner — it has been caught
mingling with other, underworldly layers. That's according to

a new study that found the innermost part of the planet leaks
some of its contents into mantle plumes, some of which even-
tually reach Earth's surface.

This discovery helps settle a debate that's been raging for
decades: whether the core and mantle exchange any mate-
rial, the researchers said.

"Our findings suggest some core material does transfer into
the base of these mantle plumes, and the core has been leak-
ing this material for the past 2.5 billion years," the research-
ers wrote in The Conversation, a website where scientists
write about their research for the public.

The finding was made possible by the metal tungsten (W),
element 74 on the periodic table. If tungsten were to make a
dating profile, it would note that it's a siderophile, or "iron
lover." So, it's no surprise that a lot of tungsten hangs out in
Earth's core, which is made primarily of iron and nickel.

On its profile, tungsten would also list that it has a few iso-
topes (an element with a different number of neutrons in its
nucleus), including W-182 (with 108 neutrons) and W-184
(with 110 neutrons). While devising their study, the re-
searchers realized that these isotopes could help them solve
the core-leaking question.

Another element, hafnium (Hf), is a lithophile, meaning it
loves rocks and can be found in Earth's silicate-rich mantle.
With a half-life of 8.9 million years, hafnium's radioactive iso-
tope Hf-182 decays into W-182. This means that the mantle
should have more W-182 than the core does, the scientists
reasoned.

"Therefore, chemical exchange between the core and the
source of mantle plumes could be detectable in the
182W/184W ratio of ocean island basalts," which come from
plumes in the mantle, the researchers wrote in the study.

But this difference in tungsten would be incredibly small: The
tungsten-182 composition in the mantle and core were ex-
pected to differ by only about 200 parts per million (ppm).
"Fewer than five laboratories in the world can do this type of
analysis," the researchers wrote in The Conversation.

STRUCTURE OF THE EARTH

Crust

to an kilormeharns

Mantle

2,900 Wiometers

Quter core

2,250 kilometars)

Inner core

1,300 Kiormetarns.

Earth's inner layers

Furthermore, it's not easy to study the core, because it be-
gins at a depth of about 1,800 miles (2,900 kilometers) un-
derground. To put that into perspective, the deepest hole hu-
mans have ever dug is the Kola Superdeep Borehole in Rus-
sia, which has a depth of about 7.6 miles (12.3 km).
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So, the researchers studied the next best thing: rocks that
oozed to Earth's surface from the deep mantle at the Pilbara
Craton in Western Australia, and the Réunion Island and Ker-
guelen Archipelago hotspots in the Indian Ocean.

Leak detected

The amount of tungsten in these rocks revealed a leak from
the core. Over Earth's lifetime, there was a big change in the
W-182-to-W-184 ratio in Earth's mantle, the researchers
found. Oddly, Earth's oldest rocks have a higher W-182-to-
W-184 ratio than most modern-day rocks do, they discov-
ered.

"The change in the 182W/184W ratio of the mantle indicates
that tungsten from the core has been leaking into the mantle
for a long time," the researchers wrote in The Conversation.

Earth is about 4.5 billion years old. The planet's oldest mantle
rocks, however, didn't have any significant changes in tung-
sten isotopes. This suggests that from 4.3 billion to 2.7 billion
years ago, there was little or no exchange of material from
the core to the upper mantle, the researchers said.

But in the past 2.5 billion years, the tungsten isotope com-
position in the mantle has changed substantially. Why did this
happen? If mantle plumes are rising from the core-mantle
boundary, then perhaps, like a see-saw, material from
Earth's surface is going down into the deep mantle, the re-
searchers said. This surface material has oxygen in it, an el-
ement that can affect tungsten, the researchers said.

"Subduction, the term used for rocks from Earth's surface
descending into the mantle, takes oxygen-rich material from
the surface into the deep mantle as an integral component of
plate tectonics," the researchers wrote in The Conversation.
"Experiments show that [an] increase in oxygen concentra-
tion at the core-mantle boundary could cause tungsten to
separate out of the core and into the mantle."”

Or, maybe as the inner core solidified after Earth formed, the
oxygen concentration in the outer core increased, the re-
searchers said. "In this case, our new results could tell us
something about the evolution of the core, including the
origin of Earth's magnetic field," they wrote in The Conversa-
tion.

The study was published online June 20 in the journal Geo-
chemical Perspectives Letters.

(Laura Geggel, Associate Editor / LIVESCIENCE, July 18,
2019, https://www.livescience.com/65968-earth-leaky-
core.html?utm source=ls-newsletter&utm me-
dium=email&utm campaign=20190718-Is)

182y evidence for core-mantle interaction in the
source of mantle plumes

H. Rizo, D. Andrault, N.R. Bennett, M. Humayun, A.
Brandon, I. Vlastelic, B. Moine, A. Poirier, M.A. Bou-
hifd, D.T. Murphy

Abstract

Tungsten isotopes are the ideal tracers of core-mantle chem-
ical interaction. Given that W is moderately siderophile, it
preferentially partitioned into the Earth’s core during its seg-
regation, leaving the mantle depleted in this element. In con-
trast, Hf is lithophile, and its short-lived radioactive isotope
82Hf decayed entirely to *¥2W in the mantle after metal-sili-
cate segregation. Therefore, the ¥2W isotopic composition of
the Earth’s mantle and its core are expected to differ by about
200 ppm. Here, we report new high precision W isotope data

for mantle-derived rock samples from the Paleoarchean
Pilbara Craton, and the Réunion Island and the Kerguelen Ar-
chipelago hotspots. Together with other available data, they
reveal a temporal shift in the 82W isotopic composition of the
mantle that is best explained by core-mantle chemical inter-
action. Core-mantle exchange might be facilitated by diffu-
sive isotope exchange at the core-mantle boundary, or the
exsolution of W-rich, Si-Mg-Fe oxides from the core into the
mantle. Tungsten-182 isotope compositions of mantle-de-
rived magmas are similar from 4.3 to 2.7 Ga and decrease
afterwards. This change could be related to the onset of the
crystallisation of the inner core or to the initiation of post-
Archean deep slab subduction that more efficiently mixed the
mantle.

core-mantle interaction
pn'BW = +20 > u'BW=-20

lower _m

oxidised
slab
Outer Core
pEW = -200

°020
°o%a°

Geochemical Perspectives Letters v11 | doi: 10.7185/geo-
chemlet. 1917
Published 20 June 2019 by the European Association of Ge-

ochemistry
https://www.geochemicalperspectivesletters.org/article1917
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Magma found simmering under an 'extinct’ vol-
cano. Here's what that means.

New analysis provides a stunning peek into the inner
workings -and potential hazards- of volcanoes thought
to have long ago gone quiet.

Lush rolling hills cradle the still waters of Romania’s Saint
Anne Lake, which rests in an ancient crater from the eruption
of the Ciomadul volcano. The peak last blew its top some
30,000 years ago, and its lengthy quiescence has led many
to presume the volcano would not likely erupt again.

But as it turns out, the rocks miles below this serene scene
may be stewing with a surprising amount of heat. A study
recently published in Earth and Planetary Science Letters
suggests that the system likely harbors between five and 14
cubic miles of magma, a maximum volume more than that of
20,000 Great Pyramids of Giza.

To be clear, this does not mean an eruption is necessarily in
the volcano’s future. But the work calls attention to the po-
tential hazards of often overlooked volcanoes that have qui-
etly simmered for tens of thousands of years.
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Saint Anne Lake is nestled in a crater of Romania's Cioma-
dul volcano, which last exploded some 30,000 years ago.
Now, scientists are attempting to tease apart what might be
brewing miles beneath the surface.

“We look preferentially at active volcanoes—obviously be-
cause they show evidence of real risk,” says study author
Mickael Laumonier of Université Clermont Auvergne, France.
“But we shouldn’t forget other relatively recent young volca-
noes, because they could present a risk that we should as-
sess.”
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By pairing geophysical and geochemical analysis with nu-
merical simulations, the study gives researchers a stunning
peek into what may be brewing beneath Ciomandul—and it

promises to help scientists better understand how similar

volcanic systems evolve over time.

“All of this is great work,” says Janine Krippner, a volcanolo-
gist at the Smithsonian Global Volcanism Program who was
not involved in the study. But she cautions that teasing apart
the precise conditions miles beneath the surface is an incred-
ibly difficult task.

“It’s still not us saying that’s what the case is,” she says. “It's
saying, We have a lot of data that show this is what it might
be.”

Eternal volcanic flames

At any given time, at least 20 volcanoes are erupting around
the world. But there are many more that can potentially be
active—the problem is figuring out which ones.

Volcanoes like Ciomadul that haven’t erupted in the last
10,000 years or so are often called inactive. However, this
dividing line is somewhat arbitrary, Krippner says.

w

When it comes to volcanoes, “extinct’ is a very iffy word,”
she says. Some volcanoes, like the infamous Yellowstone su-
pervolcano, may lie dormant for hundreds of thousands of
years between eruptions.

One sign that a seemingly quiet volcano has the potential for
future eruptions is if volumes of molten rock linger below it,
and past studies at Ciomadul had hinted that might be the
case. By studying the way seismic waves ricochet through
the ground, past researchers spotted some indications of a
magma reservoir. Surveys of the subsurface electrical con-
ductivity—a property that is influenced by conditions like the
temperature and water content of the rocks—also hinted that
the zone between three and 17 miles down may be more
mush than solid.

Yet it was still unclear if the rock was truly molten, and if so,
how much magma there might be.

Consulting crystal record-keepers

To answer these questions, Laumonier and his colleagues
first turned to rocks from the volcano’s past eruptions. As
magma sits beneath a volcano, it slowly cools and forms crys-
tals, some of which act as tiny mineralogical record-keepers,
charting the conditions in which they formed.

For example, a class of minerals known as amphiboles
change chemistry depending on the temperature and pres-
sure during crystallization. Searching for these crystals in the
erupted rock helps researchers learn about the conditions of
this ancient magmatic system.

The team combined this geochemical data with what they
knew of the system’s dimensions and ran numerical simula-
tions to determine how quickly it might have cooled through
time, and to see what the volcanic plumbing could look like
today. The result: The rocks in the upper crust beneath the
volcano are, on average, 15 percent molten, with some re-
gions as high as 45 percent.

The team verified this result by crafting a model based on
measurements of electrical conductivity for previously
erupted rocks at varying temperatures, pressures, and water
content. This helped them interpret what was seen before in
the electrical conductivity measurements under Ciomadul.

This second approach gave a similar result, suggesting that
the zone beneath the volcano is indeed between 20 and 58
percent molten. While this is a large range for the amount of
magma that could be lingering in Ciomadul’s subsurface
pipes, all the possible subsurface conditions yield a significant
amount of melt for Ciomadul.

“We have no other options to explain the geophysical anom-
aly,” Laumonier says.

Researchers believe that an eruption is possible if a volcano
harbors more than roughly 45 percent molten rock. Below
that, the “system is all locked up by crystals, and it can't
erupt,” says Michael Ackerson, curator of rocks and ores at
the Smithsonian National Museum of Natural History in
Washington, D.C.

Thus, this latest analysis suggests that an eruption may be
possible at Ciomadul—but that does not mean it’s inevitable.

Mushy plumbing

Importantly, this study also probes the question of what such
systems deep inside Earth actually look like.

“The traditional trope of a magma chamber is this big, gigan-
tic menacing-looking, red-hot blob of magma sitting in the
crust that’s about to erupt and kill us all,” Ackerson says.
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But research increasingly suggests that’s likely not the case.
Instead, magma reservoirs spend most of their lives quietly
stewing in the crust. They're often at least in part crystallized,
forming a mushy, stony soup with varying proportions of
crystals to melt throughout the system. This ratio might dras-
tically differ in the magmatic plumbing of one volcano to the
next.

For Ciomadul, the researchers believe the molten rock col-
lects in two zones of mush: an upper region between three
and 11 miles deep and a lower, hotter reservoir starting
around 18.5 miles down. Each of these zones is likely com-
posed of overlapping pockets of molten material of slightly
different temperature and composition. For now, it's unclear
how the two zones precisely connect, but the new magmatic
mapping still provides valuable information about this vol-
cano’s inner workings.

“This is a new data point in the story of global magmas,”
Ackerson says. “This is one specific volcano in one specific
point in time, and that’s going to help us get a much broader,
nuanced picture of how magmas form and evolve.”

(Maya Wei-Haas / National Geographic, July 17, 2019,
https://www.nationalgeographic.com/sci-
ence/2019/07/magma-found-simmering-under-extinct-vol-
cano-what-that-means/?cmpid=org=ngp::mc=crm-
email::src=ngp::cmp=editorial: :add=Sci-

ence 20190724::rid=00000000001084349954)

Evidence for a persistent magma reservoir with
large melt content beneath an apparently ex-
tinct volcano

M. Laumonier, O. Karakas, O. Bachmann, F. Gaillard,
R. Lukacs, I. Seghedi, T. Menand, S. Harangi

Abstract

Most active volcanoes display eruption frequencies of 10-
1000s years but a class of volcanic systems has extremely
long repose-time (>10's kyr), and are deemed as extinct.
Yet, some reawaken, posing a particular threat because little
is known about the way they endure and stir back to life.
Reawakening primarily depends on the nature of the sub-
volcanic magma reservoir, especially the presence and distri-
bution of melt. Here, we integrate petrology, thermosbarom-
etry, thermomechanical models, geophysics and in situ elec-
trical conductivity measurements to show that the magma
storage beneath Ciomadul, a seemingly inactive volcano in
eastern-central Europe that last erupted 30 ka, may still hold
20 to 58 km?3 of water-rich silicic melt, constituting up to 20-
58% in parts of the upper crustal crystal mush body. Such a
melt volume exceeds the volume of erupted lava over the
entire history of the volcano. This illustrates the important
longevity of a magmatic reservoir at temperature above the
solidus, which implies that there is still a potential for rapid
mush rejuvenation. That a seemingly dead volcano like Ci-
omadul is actually capable of erupting in the future calls for
renewed attention to “inactive” volcanoes worldwide and per-
haps for a redefinition of their activity/inactivity status.

(https://doi.org/10.1016/j.epsl.2019.06.004,
https://www.sciencedirect.com/science/arti-

cle/pii/S0012821X19303371#tbl0020)
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Lava tubes considered for human habitation on
moon

Lava tubes formed on Earth could potentially provide
clues about human habitats on the moon, claim re-
searchers at Purdue University in Indiana.

Thousands of photos, reconstructed into a 3D model, are
helping Purdue researchers evaluate lava tubes as a poten-
tial habitat for humans on the moon or Mars. (Purdue Uni-

versity image/Jongseong Choi)

According to Anahita Modiriasari, a postdoctoral researcher
in Purdue’s Lyles School of Civil Engineering, lava tubes form
when a volcanic eruption sends lava flowing in channels on
the ground.

“The surface of the lava flow cools and forms a crust on top,
while the hot lava keeps flowing underneath, forming a tun-
nel,” Modiriasari said in a statement. "We know these lava
tubes exist on the moon, as satellite imagery has shown
openings on the lunar surface, sometimes called ‘skylights.””

In 2017, Purdue University researchers helped discover a
lava tube on the moon that could protect astronauts from
hazardous conditions on the surface. Now, 3D image recon-
structions of lava tubes on Earth could help assess if they are
stable enough to build human habitats.

The work is part of Purdue’s Resilient ExtraTerrestrial Habi-
tats (RETH) group that looks at how future human habitats
on the moon or Mars can be made resilient against radiation,
temperature fluctuations, seismic activity and meteorite im-
pacts.

Lava tubes could be part of the solution and Purdue research
has shown that they are much larger than those on Earth -
potentially many kilometres in width, providing potential pro-
tection from space-based hazards.

Modiriasari and graduate students Jongseong Choi and Audai
Theinat have visited Lava Beds National Monument in Cali-
fornia to explore lava tubes and establish a baseline of infor-
mation.

“This is an ideal test bed because it has similar basaltic rock,
and it formed in a similar way to those on the moon,” Modi-
riasari said. “These lava tubes also have skylights, which is
an important factor we're investigating.”

LAVA TUBES
ONTHE MOON?

a8
e |
A

There are a lot of hazards for the
ns on the surface of the

https://www.youtube.com/watch?time con-
tinue=2&v=0sa7x3Zex00

The team chose specific caves and identified cross-sections
of rock that the members wanted to investigate. “"Our main
goal was to investigate the geomechanical properties of the
basaltic rock,” Modiriasari said. “We were particularly inter-
ested in the ceiling of the lava tube - the number and spacing
of the visible fractures, the characteristics of the joints, the
chemical weathering and the strength index of the rock
mass.”

They also took enough photographs to help reconstruct a 3D
model capturing features of the lava tube, a task that a rover
or drone could potentially accomplish on the moon or Mars.

“All of this collected data is vital,” Modiriasari said. “We are
using it to build an advanced model of the size, strength and
structural stability of the lava tube. What happens during
seismic activity? What would happen if a meteorite
strikes? This helps us assess whether similar lava tubes on
the moon or Mars would be capable of hosting a permanent
human habitat.”

(the engineer, 17th July 2019, https://www.theengi-
neer.co.uk/lava-tubes-moon-purdue)
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Breakthrough Issue 5

Welcome to the 5th edition of
Breakthrough, the International
Tunnelling and Underground Space
Association’s  Young Members
group’s (ITAYM) initiative to pro-
mote opportunities for the next
generation of tunnellers.

Published in: 2019 Author: ITAYM
Published in Young Members Publications
Download document Breakthrough 5.pdf
More in this category: « Breakthrough Issue 1

2

S o . LTI

Ground ModiNatlon Kathars
Refercace Hanual - Volume I

Geotechnical Engineering
Circular No. 13

Ground Modification Methods
Reference Manual - Volume I

- To BiIBAio eupiokeTal oTnv dIEV-
“m Buvon
https://www.fhwa.dot.gov/engi-
neer.../geotech/pubs/nhil16027.pdf

(ano Tov ouvadeA@o Mavvn Meta&a)
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ITAGE news

ta[nta newszlnstnd 1/ma|I|d 248-ita-news-68

KukAo@opnoe To Teuxog 68, IouAiou 2019 Tng ITA pe Ta na-

PAKATW NEPIEXOUEVA:

e MESSAGE FROM JINXIU (JENNY) YAN, ITA PRESIDENT

e ITA 45th General Assembly & WTC 2019 Video and Photos

e NEW ITA PRESIDENT

e 2019 GENERAL ASSEMBLY - NAPLES

e Launching of Working Group 23

o Latest ITA Working Groups and Committees' publications

e ITA Tunnelling Awards: 71 valid entries collected

e 1st ITA-CET meeting for European tunnelling professors
and PhD students

e Three champions of Underground Space rock at interna-
tional planning conference

¢ Remembering Dick Robbins

e Breakthrough Issue 5

e ITA-CET The Committee is pleased to present its new

logo!
e A productive meeting for the ITA-CET Committee in Na-

ples

e Malaysia to plays host to prestigious World Tunnel Con-
gress 2020

e TERRATEC joins the ITA as a Prime Sponsor

e AMITOS: First Photography Contest

e 9th Nordic Grouting Symposium

e 55th ISOCARP World Planning Congress - Beyond the Me-
tropolis in Jakarta, Indonesia
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